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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  D.  C,  December  2,  1902, 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepai*ed 
by  Prof.  Israel  C.  Rnssell,  and  to  request  that  it  be  printed  as  one  of 
the  series  of  Water-Supply  and  Irrigation  Papers.  The  paper  re- 
lates to  work  carried  on  by  Professor  Rnssell  during  the  summers 
of  1901  and  1902,  aud  contains  a  description  of  the  geologic  structure 
of  southwestern  Idaho  and  southeastern  Oregon,  with  special  refer- 
ence to  the  occurrence  of  underground  waters.  The  artesian  basins 
are  described  as  far  as  these  are  known,  and  facts  are  assembled  as  to 
the  probabilities  of  obtaining  deep  or  flowing  wells. 

The  information  han  particular  value  at  this  time,  when  great 
interest  is  being  displayed  in  the  reclamation  of  the  arid  lands. 
All  facts  which  assist  in  procuring  water  are  eagerly  sought,  and  the 
data  collected  by  Professor  Russell  are  particularly  important  in  the 
development  of  a  large  extent  of  vacant  public  land. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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PRELIMINARY  REPORT  ON  ARTESIAN  BASINS  IN  SOUTH- 
WESTERN IDAHO  AND  SOUTHEASTERN  OREGON. 


By  Israel  C.  Russell. 


INTRODUCTION. 

During  the  summer  of  1901  I  made  a  geological  reconnaissance  in 
southern  Idaho  which  covered,  in  a  general  way,  the  region  embraced 
in  the  Snake  River  Plains  from  the  boundary  between  Ada  and 
Elmore  counties  eastward  to  Blackfoot.'*  The  studies  thus  begun 
were  continued  in  the  summer  of  1902,  when  parts  of  Canyon  and 
Owyhee  coxinties,  Idaho,  and  of  Malheur  and  Harney  counties,  Oreg., 
were  examined.  The  route  traversed  during  the  second  reconnais- 
sance followed  Snake  River  from  Guffey  northwestward  to  the  mouth 
of  Owyhee  River,  in  Idaho,  and  thence  through  Vale,  Westfall, 
Beulah,  Drewsey,  Harney,  Burns,  Narrows,  Diamond,  Smith,  Mule, 
Alvord  Valley,  Jordan  Valley,  etc.,  in  Oregon,  to  Rockville,  on  the 
west  border  of  Owyhee  County,  Idaho.  From  Rockville  the  return  to 
Boise  was  by  way  of  Caldwell  and  Nampa.  The  route  followed  was 
chosen  for  the  purpose  of  passing  through  the  greatest  number  of 
valleys  where  artesian  conditions  might  most  reasonably  be  expected 
to  exist  and  where  the  largest  areas  of  good  land  are  available  for 
agriculture. 

Each  of  the  journeys  referred  to  above  was  a  rapid  reconnaissance, 
having  for  its  principal  object  the  discovery  of  localities  where  flow- 
ing water  can  be  obtained  by  drilling  wells.  In  addition  to  gathering 
facts  bearing  on  the  question  of  an  artesian  water  supply,  as  much 
attention  as  the  time  available  would  permit  was  given  to  the  study  of 
the  general  geology  of  the  country  traversed,  the  surface  water  supply, 
soil  conditions,  etc.  The  results  of  my  examinations  may,  then,  be 
divided  into  two  parts — namely,  that  pertaining  directly  to  artesian 
basins  and  that  relating  to  geological  history,  topographical  develop. 
ment,  etc.  As  the  search  for  artesian  basins,  especially  during  the 
journey  made  in  1902,  was  far  more  successful  than  I  had  hoped,  it 

a  A  report  an  this  reoonnaiasance,  entitled  Geologry  and  Water  Resources  of  the  Snake  River 
Plains  of  Idaho,  has  l>een  pabliahed  as  Bulletin  No.  190  by  the  Unitcnl  States  Geoiof^ical  Survey. 
A  copy  of  this  report  may  l>e  had  without  charge  by  applying  U)  the  Dire<'tor  of  the  United 
States  Qeological  Survey,  Washington,  D.  C\ 
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seems  advisable  to  present  a  preliminary  report,  with  the  view  of 
giving  early  information  concerning  the  artesian  basins  to  the  people 
living  in  the  i-egion  examined  and  later  to  prepare  a  more  definite 
record  of  the  geological  and  geographical  facts  observed. 

During  the  reconnaissance  of  1901  it  was  found  that  the  geological 
conditions  in  the  Snake  River  Canyon  from  near  Glenns  Ferry  west- 
ward to  the  boundary  between  Elmore  and  Ada  counties  and  in 
Bruneau  and  Little  valleys  are  such  that  a  surface  flow  of  water  can 
reasonably  be  expected  where  the  surface  elevation  is  not  too  great  if 
wells  are  drilled  to  the  proper  depth.  The  artesian  basin  crossed  by 
the  portion  of  Snake  River  just  mentioned  was  for  convenience 
named  the  Lewis  artesian  basin,  but  its  extension  west  of  the  boundary 
between  Elmore  and  Ada  counties  was  not  examined.  The  western 
portion  of  the  basin  was  made  the  first  subject  of  study  during  the 
following  field  season,  and,  as  will  be  stated  later,  it  was  found  to 
reach  westward  to  beyond  the  Idaho-Oregon  boundary. 

The  reconnaissance  in  southeastern  Oregon  showed  that  if  wells  are 
properly  drilled,  a  surface  flow  of  water  may  reasonably  be  expected 
in  at  least  three  separate  valleys  in  addition  to  the  basin  which  is 
crossed  by  Snake  River.  These  are  Otis  Valley,  situated  about  6 
miles  north  of  Drewsey;  the  broad  valley  in  which  Malheur  and 
Harney  lakes  are  situated,  known  in  part  as  Harney  Valley;  and 
Whitehorse  Valley,  situated  about  10  miles  east  of  the  higher  portion 
of  Stein  Mountain.  The  basins  in  which  these  valleys  are  situated 
will  be  termed  in  this  report  the  Otis  artesian  basin,  the  Harney  arte- 
sian basin,  and  the  Whitehorse  artesian  basin,  resi)ect.ively. 

Before  presenting  the  facts  which  are  the  basis  of  the  conclusion 
that  in  each  of  the  basins  just  named  a  surface  flow  of  water  can  be 
had  by  drilling,  it  will,  I  think,  be  of  assistance  to  review  briefly  the 
leading  conditions  governing  the  flow  of  artesian  wells. 

CONDITIOISrS  ON  WHICH  THE  FLOW  OF  ARTESIAN  WELLS 

DEPENDS. 

The  term  artesian  well,  as  commonly  employed,  signifies  a  well 
which  overflows  upon  the  surface.  The  leading  conditions  favoring 
the  rise  and  overflow  of  water  from  wells  may  perhaps  be  best  indi- 
cated by  describing  the  essential  features  of  a  typical  artesian  basin 
of  the  simplest  character. 

In  what  is  properly  termed  an  artesian  basin,  the  layers  of  rock  are 
bent  downward,  so  as  to  resemble  a  pile  of  shallow  plate-shaped 
dishes,  placed  one  within  another.  One  or  more  of  the  beds  of  rock 
is  porous  and  allows  water,  supplied  by  rain  on  its  upturned  and 
exposed  margin,  to  percolate  into  it.  Above  and  below  the  water- 
charged  layer  are  close-textured  beds,  like  clay,  which  prevent  the 
escape  of  the  water  in  the  bed  between  them.     The  leading  conditions 
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w^hich  characterize  artesian  basins  will  be  reproduced  on  a  small  scale 
if  one  pan  is  placed  within  another,  and  the  two  are  separated  by  a  layer 
of  sand,  and  the  spaces  between  the  sand  grains  are  filled  with  water. 
If  a  hole  is  drilled  in  the  bottom  of  the  uppermost  pan,  water  will  rise 
from  below  and  overflow  until  the  level  of  the  water  in  each  pan  is 
the  same.  This  is  illustrated  by  the  following  cross  section  (fig.  1), 
"which  represents  two  pans,  with  a  layer  of  sand  between  them,  as 
they  would  appear  if  cut  across  and  one- half  removed.  The  pans  in 
Auoh  an  experiment  represent  the  compact  or  impervious  layers,  and 
the  sand  the  x>orous  or  pervious  bed,  in  an  artesian  basin. 


Pio.  1. — Croee  section  of  two  diahee  with  layer  of  sand  between;  to  illustrate  the  leading  eaaein* 

tial  f  eatares  of  an  artesian  basin. 

In  the  following  diagram  (fig.  2)  an  ideal  cross  section  is  presented 
through  an  artesian  basin  which  may  be  assumed  to  be  50  or  more 
miles  in  diameter.  The  rocks  are  in  layers  or  strata,  and  their  com- 
bined thickness,  we  will  assume,  is  1,000  feet.  A  cross  section  taken 
in  any  direction  through  the  pile  of  saucer-shaped  beds  (as  is  the  case 
with  the  experiment  with  the  pans  referred  to.  above)  would  be 
essentially  the  same.  In  the  diagram  (fig.  2)  B  and  C  represent  com- 
pact and  impervious  beds,  such  as  clay  or  shale;  and  A  represents  a 
porous  bed,  such  as  sand,  open-textured  sandstone,  or  fissured  and 
broken  rock.  The  beds,  it  will  be  noted,  are  depressed  in  their  cen- 
tral parts,  but  about  their  edges  come  to  the  surface.  Under  these 
conditions  water  falling  as  rain  on  the  exposed  margin  of  the  pervious 
bed  and  the  water  from  streams,  etc.,  would  x)ercolate  into  it  until  it 
was  water  filled.     If,  now,  a  hole  drilled  in  the  central  part  of  the 
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Fio.  2.— Ideal  section  illustrating  the  chief  conditions  requisite  to  artesian  wells. 

biasin,  as  at  D  or  E,  reaches  the  pervious  bed  the  pressure  of  water 
at  a  higher  level  will  cause  the  water  in  the  well  to  rise  and  overflow 
at  the  surface,  and  a  flowing  artesian  well  will  result. 

If,  in  the  case  just  cited,  no  additional  water  should  come  to  the 
exposed  margin  of  the  pervious  bed,  the  well  drilled  at  D  or  E  would 
decrease  in  volume  and  flnally  cease  to  flow  when  the  water  in  the 
porous  bed,  or  so-called  reservoir,  was  lowered  so  as  to  be  on  a  level 
with  the  surface  at  the  localities  referred  to.  If,  on  the  other  hand, 
rain  falls  on  the  exposed  margin  of  the  pervious  layer,  or  streams 
bring  water  to  it,  a  continuous  discharge  from  the  well  would  result; 
as  will  be  seen,  one  welt  in  an  artesian  basin  might  be  conspicuously 
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successful,  while  many  wells  might  permit  of  such  a  freedom  of  escape 
of  the  water  in  a  pervious  l)e(l  as  to  practically  ruin  all  of  them. 

In  the  illustration  just  presented,  but  one  pervious  bed  was  consid- 
ered. In  nature  several  such  beds  may  l>e  present  in  a  single  arte- 
sian basin,  and  several  wells,  drilled  to  different  depths,  might  be 
successful,  each  well  being  supplied  by  a  different  pervious  bed. 

The  height  to  which  the  water  will  rise  above  the  surface  opening 
of  an  artesian  well  depends  on  the  height  of  the  water  in  the  raised 
border  of  the  water-charged  bed  from  which  it  derives  its  supply. 
For  example,  in  fig.  2  the  lowest  point  in  the  rim  of  the  water- 
charged  bed  is  at  A,  and  if  the  pipe  in  the  well  drilled  at  D  or  E  be 
carried  up  into  the  air  and  the  end  not  closed,  the  water  will  rise  in 
it  until  it  reaches  the  level  of  A.  The  height  to  which  the  water  will 
rise  in  an  open  tube  attached  to  the  surface  opening  of  an  artesian  well 
is  termed  the  artesian  head.  At  all  points  within  an  artesian  basin 
below  the  level  of  the  artesian  head  water  may  be  expected  to  rise 
to  the  surface  and  overflow  when  a  well  is  drilled  and  properly  cased. 
But  if  the  surface  of  the  ground  is  above  the  horizon  of  the  outcrop 
of  water-bearing  bed,  the  pressure  on  the  water  will  not  be  sufficient 
to  force  it  to  the  surface,  even  if  a  drill  hole  is  put  down  and  properly 
cased.  The  height  of  the  surface  within  an  artesian  basin  may  thus 
furnish  the  controlling  condition  on  which  success  in  searching  for 
artesian  water  would  depend.  For  this  reason  the  pioneer  well  in  an 
artesian  basin  should  evidently  be  drilled  at  the  lowest  available 
locality  in  order  to  determine  the  artesian  head.  In  making  this  test 
the  bottom  of  the  casing  in  the  well  should  be  just  above  the  water- 
bearing stratum  and  securely  packed  on  the  outside  so  as  to  prevent 
leakage.  If  a  well  has  a  surface  flow  the  height  to  which  the  water 
will  rise  above  the  ground  may  be  learned  by  attaching  a  flexible  hose 
pipe,  or,  in  fact,  any  kind  of  a  tube,  to  the  upper  end  of  the  casing 
of  the  well  and  carrying  it  up  a  ladder  or  trestle  until  the  water 
stands  at  the  upper  end,  but  does  not  overflow. «  When  two  or  more 
water-charged  layers  are  present  in  an  artesian  basin,  wells  obtain- 
ing water  from  different  layers  may  have  different  artesian  heads. 

Another  necessary  surface  condition  in  reference  to  most  artesian 
basins  is  that  the  margins  of  the  porous  beds  shall  rise  to  the  surface 
and  be  exposed,  so  as  to  become  charged  with  water  from  rain,  melt- 
ing snow,  streams,  etc.  The  amount  of  precipitation  is  also  an 
important  factor,  especially  in  reference  to  the  number  of  wells  that 
may  advantageously  be  put  down  in  an  artesian  basin;  but  even  in 
regions  having  an  arid  climate  the  porous  beds  beneath  the  surface 
so  situated  as  to  receive  water  at  their  edges,  and  from  which  its 
escape  is  prevented,  will  be  found  to  be  water  charged. 

As  the  pervious  beds  in  an  artesian  basin  commonly  descend  to  a 

a  Practical  HUggeBtionfl  in  tbin  oonner'tion  ai'e  presented  in  the  paper»  No.  3  and  No.  4  in  the  list 
at  the  end  of  thin  report. 
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considerable  depth  below  the  earth's  surface,  the  water  which  escapes 
from  them  when  drill  holes  are  put  down  is  usually  warmer  than  the 

m 

water  in  neighboring  dug  wells.  The  reason  for  this  is  that  the  tem-' 
perature  of  the  earth  increases  with  depth  below  its  surface,  as  is 
discuHsed  below.  The  temperature  of  water  in  a  pervious  bed  is 
therefore  regulated  by  the  depth  of  the  bed  below  the  surface,  and 
several  flowing  wells  drilled  in  the  central  part  of  a  basin  should  yield 
water  with  essentially  the  same  temperature. 

In  the  case  of  artesian  basins  generally,  the  water  supply  is  fur- 
nished by  rain  and  streams  and  enters  the  pervious  beds  at  their  out- 
crox>s — ^that  is,  the  water  descends  into  the  pervious  beds  from  above. 
There  are  instances,  however,  in  which  the  water  rises  from  below. 
If  a  basin  exists,  as  already  explained,  water  may  be  supplied  to  the 
pervious  beds  either  by  the  upward  leakage  of  a  lower  pervious  bed, 
or,  as  is  illustrated  in  the  foUowing  diagram,  by  fissures  in  the  rocks 
beneath. 

The  water  which  rises  through  deep  Assures  in  the  earth's  crust  is 
comnionly  hot,  and  when  it  api>ears  at  the  surface  forms  hot  springs. 
In  a  case  like  that  illustrated  by  fig.  3  the  pervious  bed  is  charged  by 


Fig.  8.— Ideal  aectioii  of  an  artesian  basin  charsped  with  water  rising  from  below  throagh  a  fissure. 

water  rising  through  the  rocks  beneath  it,  and  artesian  wells  supplied 
by  it  would  have  a  higher  temperature  than  under  noimal  conditions 
would  be  expected  from  their  depth.  More  than  this,  several  wells 
drilled  in  the  central  portion  of  a  basin  which  is  supplied  in  the  manner 
just  explained  might  vary  greatly  in  temperature  according  to  their 
distance  from  the  subterranean  source  of  supply,  although  deriving 
their  water  from  the  same  x)ervious  bed.  The  artesian  head  in  the  case 
just  cited  would  depend  on  the  height  of  the  water  stored  in  the  pervi- 
ous bed,  but  could  not  exceed  the  pressure  on  the  incoming  water  from 
a  deep  source.  Where  there  is  a  subterranean  source  of  water  sup- 
ply for  an  artesian  basin  there  is  probably  always  an  additional 
supply  coming  from  above,  so  that  both  the  pressure  and  temperature 
of  the  water  obtained  by  drilling  will  be  regulated  by  an  adjustment 
between  these  two  leading  conditions. 

There  are  other  conditions  than  those  just  considered  which  permit 
a  surface  flow  of  water  when  wells  are  drilled,  but  so  far  as  the 
artesian  basins  to  be  described  later  are  concerned,  it  is  unnecessary 
to  consider  them  at  this  time. 

Even  when  a  well-defined  artesian  basin  is  present  there  may  be 
qualifying  or  adverse  conditions  which  will  prevent  a  surface  flow  of 
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water  where  one  might  reasonably  be  exi)ected.  These  *'  accidents," 
as  they  may  perhaps  be  termed,  are  caused  by  the  fact  that  sheets  of 
rock  which  are  open  textured,  and  consequently  pervious,  in  one  por- 
tion may  become  close  textured  and  practically  impervious  in  another 
portion.  Also,  an  impervious  bed  may  be  fractured  so  as  to  allo^ir 
the  water  to  escape.  In  Idaho  and  Oregon  the  rocks  which  are  bent 
so  as  to  form  basins  are  at  times  traversed  by  dikes;  that  is,  more  or 
less  vertical  sheets  of  rock  formed  by  molten  material  forced  upward 
into  fissures  from  deep  within  the  earth's  crust,  and  cooling  and 
hardening.  There  are  still  other  locally  adverse  circumstances  which, 
may  exist  in  even  the  best-defined  artesian  basins.  These  and 
other  questions  bearing  on  the  success  or  failure  of  artesian  wells 
have  been  discussed  by  several  writers,  and  for  a  more  complete  and 
critical  presentation  of  the  subject  than  it  is  desirable  to  attempt  at 
this  time  the  reader  is  referred  to  the  publications  mentioned  at  the 
end  of  this  report. 

SURFACE   INDICATIONS   OF    THE    PRESENCE    OF    SUBSUR- 
FACE WATER  UNDER  PRESSURE. 

The  presence  of  artesian  conditions  is  most  frequently  inferred 
from  the  structure  of  a  basin,  but  confirmation  of  the  supposition 
that  water  under  pressure  exists  below  the  surface  may  frequently  be 
had  from  the  occurrence  of  warm  springs.  Such  springs  may  also 
furnish  evidence  in  reference  to  the  depth  to  which  a  well  should  be 
drilled  in  order  to  penetrate  the  water-charged  stratum. 

The  water  which  occurs  in  artesian  basins  has  descended  from  the 
surface,  and  as  the  temperature  of  the  earth  increases  with  depth,  the 
deeper  the  water  has  penetrated  the  rocks  the  higher  will  be  its  tem- 
perature. The  increase  in  the  temperature  of  the  earth  below  a  depth 
of  about  50  feet  in  temperate  regions  is  in  general  about  1"  F.  for 
each  60  feet,  but  there  is  considerable  evidence  for  concluding  that 
the  rate  of  increase  in  southern  Idaho  and  the  adjacent  part  of  Oregon 
is  approximately  1°  F.  for  each  45  feet  in  depth."  In  temperate  lati- 
tudes the  increase  in  the  temperature  of  the  earth  should  be  reckoned 
from  a  depth  of  50  feet  below  the  earth's  surface,  because  the  seasonal 
changes  in  temperature  extend  to  that  depth.  At  the  horizon  referred 
to  there  is  a  constant  temperature  wliich  agrees  with  the  mean  annual 
temperature  of  the  locality  chosen.  In  the  portions  of  Idaho  and 
Oregon  under  consideration  the  mean  annual  temperature  is  approxi- 
mately 60°  F.  In  tropical  countries  the  depth  to  which  seasonal 
changes  of  temperature  extend  is  less  and  in  arctic  regions  much 
greater  than  that  just  stated.  If,  for 'example,  a  spring  in  the  region 
referred  to  has  a  temperature  of  05°  F.,  or  15°  above  the  temperature 


a  The  factts  on  which  this  conclusion  is  based  ax*e  recorded  in  Bull.  U.  S.  Geo!.  Survey  No.  lOQ, 
]90e,  pp.  179-174. 
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of  the  stratum  of  no  seasonal  variation,  it  would  be  safe  to  conclude 
tliat  the  water  rises  from  a  depth  of  at  least  675  feet  below  that 
stratum  or  725  feet  below  the  surface.  As  the  freedom  of  escape  of 
the  waters  of  springs  is  usually  obstructed,  some  allowance  must  be 
made  for  its  cooling  as  it  rises,  so  that  in  the  same  caee  just  cited  725 
feet  would  indicate  the  minimum  depth  to  which  a  drill  hole  would 
have  to  be  extended  with  the  hope  of  penetrating  rocks  in  which 
water  existed  under  sufficient  pressure  to  cause  it  to  rise  to  the  surface. 

In  artesian  basins  there  are  apt  to  be  localities  where  there  is  an 
escax>e  of  the  water  to  the  surface,  so  as  to  form  springs.  In  such 
instances  the  springs  usually  flow  throughout  the  year  without 
appreciable  changes  in  volume  or  in  temperature,  and  the  water  is 
above  the  mean  annual  temperature  of  the  locality  where  it  reaches 
the  surface.  Where  the  structure  of  the  rocks  suggests  that  an  artesian 
basin  is  present,  the  occurrence  of  warm  springs  within  the  basin 
is  an  assurance  that  water  is  present  under  sufficient  pressure  to  force 
it  to  the  surface  in  case  wells  are  drilled.  The  warm  springs  referred 
to  may  be  termed  natural  artesian  wells,  and  their  temperature  indi- 
cates the  depth  of  the  water-charged  bed  below  the  surface,  and  the 
elevation  of  the  locality  where  they  occur  gives  a  minimum  measure 
of  the  height  of  the  artesian  head. 

While  warm  springs  (or  those  ranging  in  temperature  from  about 
60**  to  100°  F.)  situated  within  a  region  which  has  the  structural 
features  of  an  artesian  basin  may  be  taken  as  evidence  of  the  presence 
of  a  water-charged  layer  which  would  supply  flowing  wells,  a  hot 
spring  (or  one  having  a  temperature  of  more  than  100°)  is  not  so  favor- 
able an  indication.  Hot  springs  ordinarily  rise  from  such  a  depth 
that  even  if  they  come  from  a  well-defined  water-charged  layer  it 
would  he  impracticable  for  most  purposes  for  which  artesian  water  is 
used  to  reach  it  by  drilling.  Although  the  conditions  which  lead  to 
bhe  occurrence  of  hot  springs  are  not  well  underatood,  owing  to  the 
depth  from  which  their  waters  rise,  there  are  reasons  for  believing 
that  they  are  frequently  supplied  by  fissures  that  penetrate  deep  into 
the  earth.  The  irregularities  of  fissures  are  such  as  to  preclude  pre- 
diction as  to  where  they  occur.  In  the  case  of  every  hot  spring, 
however,  there  is  a  chance  that  if  a  well  is  drilled  near  it,  even  to  a 
moderate  depth,  a  flow  of  water  will  be  secured,  but  in  such  instances 
the  flow  of  water  obtained  should  be  classed  as  a  '*  developed  spring" 
rather  than  an  artesian  well.  The  fact,  however,  as  previously  ex- 
plained, that  water  rising  from  a  depth  through  fissures  may  charge 
the  pervious  beds  in  ^n  artesian  basin  renders  it  evident  that  both 
warm  and  hot  spring  demand  careful  study  in  conducting  a  search 
for  artesian  water. 
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UOCKS   OF  THE   REGION  EXAMIT-TED. 

A  classificatiou  of  the  most  common  rooks  of  southwestern  Idaho 
and  southeastern  Oregon,  sufficiently  accurate  for  the  present  pur- 
pose, is  as  follows : 

{Ck)nglomerate,  sandstone  (in  part  hardened  so  as  to  form 
quartzdte),  shale,  clay,  sand,  and  gravel,  together  with 
beds  of  volanic  dust  and  volcanic  gravel  or  lapilli. 


Volcanic  rocks 


Lava  flows . . 


TBasalt. 
\Rhyolite. 


Igneous  rocks  ._< 


Fragments 
blown  out 
of  volcanoes. 


Basalticlanilli. 
Rhyolitic  dust 
and  tuff. 


'Also  m  e  n- 
tioned  above 
as  forming 
sedimentary 
beds. 


Plutonic  rocks 


I 


The  molten  material  like  that  extruded  from 
volcanoes  at  the  earth's  surface,  but  which 
cooled  below  the  surface  in  fissures,  etc. 


SEDIMENTARY  ROCKS. 

The  stratified  rocks  of  the  region  examined,  or  those  composed 
of  fragments  of  older  it>cks  which  have  been  spread  out  in  layers  or 
strata  by  the  waters  of  lakes  and  sti*eams,  comprise  conglomerate 
or  pudding  stone;  sandstones;  soft,  highly  calcareous,  usually  nearly 
white  shales;  loose  gravel,  sand,  white  volcanic  dust;  and  dark,  usually 
yellowish,  volcanic  gravel  or  lapilli.  These  beds  were,  for  the  most 
part,  deposited  in  lakes  during  Tertiary  time. 

Examples  of  the  conglomerate  and  sandstones  referred  to  may  be 
seen  in  the  hills  near  where  the  Owyhee  joins  Snake  River,  in  the  iso- 
lated hills  near  Yale,  and  in  the  conspicuous  bluffs  to  the  southeast  of 
Malheur  and  Harney  lakes,  as  well  as  many  other  localities.  These 
rocks  are  usually  dark  yellow,  but  occasionally^  as  near  Narrows,  are 
nearly  white,  and  in  some  instances  are  sufficiently  compact  to  be 
used  for  building  stone.  Associated  with  the  layers  of  consolidated 
pebbles  and  sand  just  referred  to,  and  having  a  wide  extent  in  both 
Idaho  and  Oregon,  are  soft,  unconsolidated  light-colored  shales  and 
marls,  and  thick  beds  of  nearly  white  sand  and  light-colored  clay. 
Beds  of  this  general  nature,  aggregating  more  than  1,000  feet  in  thick- 
ness, underlie  Snake  River  Valley  between  Glenns  Ferry  and  Weiser, 
and  form  the  conspicuous  white  bluff  along  each  side  of  that  stream. 
Similar  beds  occur  also  in  the  lower  portion  of  the  valley  of  Malheur 
River  and  beneath  the  rim  rocks  of  the  canyons  on  the  west  slope  of 
Stein  Mountain.  Light  colored,  and  iil  part  greenish  shales,  out- 
crop on  the  west  side  of  Alvord  Valley,  where  they  pass  beneath  the 
sheets  of  basalt  forming  the  bold  eastern  face  of  Stein  Mountain.  Fine 
exposures  of  rain-sculptured  lacustral  sediments,  usually  of  a  pecu- 
liar light-greenish  tint,  occur  on  the  borders  of  Owyhee  River  near 
the  mouth  of  Jordan  Creek.     Similar  beds  are  present  also  in  the 
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mountains  of  Owyhee  County,  Idaho,  and  are  an  extension  southward 
of  the  thick  sediments  exposed  along  Snake  River.  This  same  forma- 
tion extends  northward  from  Snake  River  and  is  exposed  near  Boise, 
and  in  the  valley  of  Payette  River.  From  its  abundant  outcrops 
along  the  last-named  stream,  it  has  been  termed  the  Payette 
formation  by  Waldemar  Lindgren.* 

While  the  Payette  formation  has  a  wide  extent  in  Oregon,  and  pos- 
sibly reaches  to  John  Day  River,  where  other  similar  beds  outcrop,  it 
is  not  positive  that  all  the  exposures  of  similar  material  as  far  south 
as  Harney  and  Silver  lakes  were  deposited  in  the  same  lake  basin. 
The  lacustral  sediments  beneath  the  basalt  of  Stein  Mountain  have  a 
thickness  of  fully  1,000  feet,  and,  as  now  seems  probable,  are  older 
than  the  Payette  formation. 

Interbedded  with  the  sandstone,  shale,  etc.,  of  the  formations  just 
mentioned,  and  frequently  forming  a  considerable  and  at  times 
seemingly  the  major  part  of  their  thickness,  are  beds  of  exceedingly 
fine,  white  volcanic  dust.  This  dust  was  blown  out  of  volcanoes 
during  violent  eruptions,  and  falling  in  lakes,  or  being  washed  into 
them  by  streams,  became  interbedded  with  other  sediments  or  inti- 
mately commingled  with  them.  Pure  white,  stratified  volcanic  dust, 
from  10  to  20  feet  or  more  thick,  may  be  seen  in  the  hills  on  the  lower 
course  of  Owyhee  River,  a  few  miles  south  of  Owyhee.  It  is  also 
splendidly  exposed  near  Beulah.  Outcrops  of  material  of  the  same 
nature,  conspicuous  on  account  of  their  whiteness,  occur  beneath  the 
rim  rock  near  Diamond,  in  the  borders  of  the  small  valleys  in  the 
northern  jwrtion  of  Owyhee  County,  Idaho,  as  well  as  at  a  large 
number  of  localities  in  the  bluffs  bordering  Snake  River, 

An  interesting  fact  in  connection  with  the  stratified  beds  briefly 
described  above  is  that  they  contain  the  bones  of  animals  which  are 
now  extinct,  but  which  lived  in  large  numbers  in  and  about  the  ancient 
lakes  in  which  the  sand,  clay,  volcanic  dust,  and  other  material  now 
exposed  and  eroded  into  hills  and  valleys  was  deposited.  Throughout 
these  same  beds,  but  most  abundantly  in  the  thinly  laminated  white 
silts  and  beds  of  fine  volcanic  dust,  occur  fossil  leaves,  and  less  com- 
monly the  fruits  of  plants.  These  plant  remains  differ  from  the 
vegetation  living  on  the  earth  to-day,  and  reveal  the  nature  of  the 
luxuriant  forests  that  flourished  in  the  now  arid  portions  of  the  far 
West  during  the  Tertiary  period  of  geological  history.  The  fossil 
bones  and  impressions  of  leaves  and  fruits  referred  to,  and  also  the 
sheUs  of  fresh-water  mollusks  frequently  associated  with  them,  are 
of  great  scientific  interest,  as  they  furnish  evidence  in  regard  to 
past  climatic  changes  and  the  gradual  evolution  of  life  on  the  earth, 
and  enable  geologists  to  determine  the  age  of  the  beds  in  which  they 
occur. 


aEighteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  Pt.  UI,  pp.  6aiH94;  Twentieth  Ann.  Kept.,  Pt. 
m,  pp.  08-90;  Geologic  Folio  No.  46. 
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The  sedimentary  beds  to  which  attention  has  just  been  directed 
are  in  many  instances  open-textured  and  of  such  a  nature  that  water 
will  readily  percolate  through  them,  while  in  other  instances  they  are 
of  the  consistency  of  clay  and  tend  to  retain  water  in  the  porous  beds, 
if  any  is  present,  between  them.  These  conditions  indicate  that 
wherever  the  sedimentary  beds  have  been  bent  or  displaced  from  their 
original  horizontal  position  so  as  to  form  basins,  there  is  a  probability 
that  flowing  water  may  be  obtained  by  drilling  wells. 

It  is  reasonable  to  assume  that  quartzite  or  granite  is  present  beneath 
the  Payette  formation  and  associated  volcanic  rocks,  throughout  the 
Snake  River  Valley.  The  quartzite  is  usually  a  yellowish-white  and 
excessively  hard  rock,  and  was  orginally  a  sandstone,  but  has  been 
altered  or  metamorphosed,  so  that  the  separate  grains  of  quartz  sand 
are  no  longer  distinguishable.  The  granite  is  composed  principally 
of  conspicuous  crystals  of  quartz,  feldspar,  and  mica,  as  may  be  seen 
in  the  extensive  outcrops  in  the  mountains  to  the  north  of  Boise,  and 
is  of  deep-seated  igneous  origin.  When  either  of  these  formations  is 
encountered  in  drilling,  the  hope  of  obtaining  flowing  water  by  con- 
tinuing to  a  greater  depth  had  best  be  abandoned. 

IGNEOUS  ROCKS. 
VOLCANIC  ROCKS. 

The  rocks  which  came  from  volcanoes  are  by  far  the  most  conspicu- 
ous of  any  of  the  formations  in  southwest  Idaho  and  the  adjacent  part 
of  Oregon,  and  are  no  doubt  of  greater  extent  and  thickness  than  the 
associated  sedimentary  beds.  They  may,  with  sufficient  accuracy,  be 
classifled  as  basalt  and  rhyolite,  but  a  critical  study  will  no  doubt 
show  that  what  is  here  termed  rhyolite  in  reality  includes  several  rock 
species. 

Both  the  basalt  and  the  rhyolite  present  two  conspicuously  different 
phases,  due  to  the  manner  in  which  the  material  composing  them  was 
spread  out  on  the  earth's  surface.  These  rocks  while  molten  were  in 
part  extruded  by  volcanoes  so  as  to  form  sheets,  which  in  many 
instances  flowed  far  and  wide  over  the  surface  of  the  land  before  cool- 
ing. In  other  instances  the  lava,  while  yet  in  the  craters  from  which 
it  came,  cooled  sufficieutly  to  become  rigid  and  was  shattered  by  steam 
explosions,  and  the  fragments  thus  produced  were  blown  into  the  air 
and  widely  distributed  through  the  action  of  the  wind,  etc.,  as  sheets 
of  volcanic  dust,  volcanic  gravel,  or  lapilli  and  angular  fragments, 
frequently  of  considerable  size.  The  basalt  was  spread  over  the  sur- 
face of  the  land,  mostly  in  a  molten  and  even  highly  fluid  condition, 
and  the  beds  of  fragmental  material  produced  were  relatively  small. 
The  rhyolite,  to  a  great  extent,  was  shattered  at  the  time  it  was 
erupted,  and  the  resulting  beds  of  fragments  were  probably  of  greater 
extent  an(J  thickness  than  the  sheets  of  th^  »aiiie  niat^rial  which  were 
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spread  out  as  lava  flows.  This  difference  in  the  behavior  of  the  vol- 
canoes from  which  the  comparatively  fusible  basalt  was  erupted  and 
of  the  volcanoes  from  which  the  more  refractory  rhyolite  was  dis- 
charged is  of  much  significance  in  reference  to  the  nature  of  volcanoes, 
but  can  not  be  discussed  at  this  time. 

The  basalt  is  a  black,  compact  rock,  but  is  frequently  cellular  and 
even  scoriaceous  on  account  of  the  presence  in  it  of  steam  cavities, 
and  in  many  localities  is  columnar.  In  the  region  under  review  it 
occurs  in  widely  extended  sheets,  which  in  general  vary  in  thickness 
from  about  20  to  80  feet.  Fine  examples  occur  all  along  Snake  River, 
but  more  especially  on  the  northern  side  of  its  canyon,  in  the  canyon 
of  Bruneau  River,  and  in  the  hills  and  mountains  of  Malheur  and 
Harney  counties,  Greg.  The  finest  exposure  of  basalt  in  the  region 
visited  by  me  in  1902,  if  not  the  most  remarkable  in  the  world,  is  to 
be  seen  in  Stein  Mountain.  The  eastern  slope  of  that  splendid  moun- 
tain is  composed  of  the  broken  and  eroded  edges  of  sheets  of  basalt, 
which  dip  westward  at  an  angle  of  3°  to  4°  at  the  crest  of  the  uplift, 
but  flatten  rapidly  when  traced  westward,  and  present  an  aggregate 
thickness  of  not  less  than  5,000  feet.  Between  the  sheets  of  basalt, 
as  observed  in  at  least  eighteen  instances,  there  are  beds  of  coarse 
sandstone,  varying  ifi  thickness  from  a  few  inches  to  6  feet.  Where 
the  beds  of  sandstone  occur  the  sheets  of  basalt  are  in  general  about 
60  feet  thick.  From  this  and  other  similar  evidence  the  total  number 
of  lava  flows  which  occur  at  the  locality  referred  to  is  estimated  at 
between  80  and  100. 

The  widely  extended  sheets  of  basalt  just  referred  to,  like  the  sedi- 
mentary beds  with  which  they  are  intimately  associated — the  sheets 
of  basalt  and  the  beds  of  sandstone,  shale,  claj^  etc.,  in  many  instances 
alternating  one  with  the  other— are  of  ancient  date,  and  belong  prin- 
cipally to  the  Tertiary  division  of  geological  history. 

Volcanic  eruptions  have  occurred,  however,  at  intervals  from  the 
time  the  oldest  sheets  of  basalt  were  poured  out  in  a  molten  condition 
down  to  almost  the  present  day.  Recent  volcanoes,  which  discharged 
great  quantities  of  basaltic  lava  in  the  condition  both  of  lava  sheets 
and  of  angular  fragments,  occur  at  three  localities  in  southeastern 
Oregon.  One  of  these  is  situated  a  few  miles  west  of  Diamond,  Har- 
ney County,  where  there  are  craters  that  are  built  in  part  of  scoria, 
lapilli,  etc.,  and  in  part  of  lava  sheets,  and  are  surrounded  by  exten- 
sive lava  flows.  This  group  of  small  volcanoes  may  with  propriety 
be  named  the  Diamond  craters.  About  6  miles  northeast  of  the 
former  Bowdens  post-office,  in  Malheur  County,  and  approximately  18 
miles  south  of  Owyhee  River  where  Jordan  Creek  joins  it,  there  is  an 
isolated  crater  of  recent  date,  built  almost  entirely  of  congealed  lava, 
which  cooled  about  the  opening  in  the  earth  from  which  it  rose. 
About  this  Bowden  crater,  as  it  may  be  termed,  is  a  recent  lava  flow 
wl^icb  ci^me  from  it  and  spread  over  at  least  150  square  miles  of  coun- 
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try.  The  most  instructive  as  well  as  the  latest  of  the  three  recent 
eruptions  referred  to  occurs  in  the  east^central  part  of  Malheur 
County  from  15  to  20  miles  west  of  Jordan  Valley,  and  the  hills  it 
built  are  here  named  the  Jordan  craters.  The  Cow  Creek  lakes  owe 
their  existence  to  the  obstruction  to  the  drainage  caused  by  the  exten- 
sive sheet  of  fresh  black  lava  which  came  from  the  most  northerly 
and  most  recent  of  Jordan  craters.  The  rocks  extruded  from  these 
recent  volcanoes  were  spread  over  the  surface  both  as  lava  flows  and 
as  sheets  and  piles  of  fragments,  and  serve  in  a  most  instructive  man- 
ner to  illustrate  the  mode  of  origin  of  the  more  ancient  and  far  more 
extensive  accumulation  of  similar  rock. 

The  rhyolite,  like  the  basalt,  occurs  both  as  massive  sheets,  which 
were  i)oured  out  from  volcanoes  in  a  molten  condition,  and  f ragmen tal 
deposits,  which  also  form  well-defined  beds.  Of  the  beds  originating 
in  these  two  ways,  the  sheets  of  angular  fragments,  now  in  many 
instances  firmly  cemented  and  forming  a  rhyolitic  tuff,  are  far  more 
numerous  and  more  extensive  than  the  associated  rhyolitic  lava  beds. 
The  deposits  of  white  volcanic  dust  described  above  as  forming  a  part 
of  the  sedimentary  formations  are  composed  of  the  finest  of  the  frag- 
ments blown  into  the  air  by  the  volcanoes  from  which  came  the  mate- 
rial now  forming  the  sheets  of  rhyolite  and  of  rlfyolitic  tuff. 

The  compact,  massive  rhyolite  is  lighter  colored  than  basalt,  and 
in  Idaho  and  Oregon  is  usuallj^  purplish  on  fresh  surfaces,  but  weath- 
ers to  a  rich  brown  or  red.  It  contains  conspicuous  crystals  and 
grains  of  quartz,  feldspar,  and  other  minerals,  and  hence  usually 
appears  spotted.  Frequently  the  crystals  and  grains  referred  to 
exhibit  an  arrangement  such  as  would  be  produced  by  a  flowing 
motion  in  the  glassy  base  in  which  they  are  embedded. 

The  rhyolitic  tuff  is  composed  of  angular  fragments  of  the  rock  just 
described,  which  in  most  instances  are  firmly  cemented  so  as  to  form 
sheets  that  are  nearly,  if  not  fully,  as  resistant  to  atmospheric  condi- 
tions as  the  similar  material  which  cooled  from  fusion  without  being 
shattered,  as  may  frequently  be  seen  in  the  rim  rock  on  the  sides  of 
canyons  and  valleys. 

Extensive  exposures  of  rhyolite  and  of  rhyolitic  tuff  occur  in  the 
mountains  on  the  northeast  side  of  Harney  Valley,  sometimes  termed 
the  Crow  Creek  Mountains.  The  conspicuous  rim  rocks  on  each  side 
of  Rattlesnake  Creek,  near  Harney,  are  of  rhyolitic  tuff,  while  certain 
of  the  beds,  usually  cavernous  on  the  weathered  outcrops  lower  down 
in  the  walls  of  the  same  canyon,  are  of  rhyolite  which  has  a  peculiar 
concentric  or  spherulitic  structure.  Again,  in  the  bluffs  of  Silvies 
River,  to  the  west  of  Burns,  the  edges  of  a  thick  sheet  of  compact  tuff 
are  well  exposed,  and  similar  rock  has  a  wide  distribution  in  the 
forest-covered  mountains  in  which  Silvies  River  rises.  Other  expo- 
sures of  tuff  and  of  compact  rhyolite  occur  about  Silver  Lake,  at  Iron 
Mountain,  and  in  the  Mahogany  Mountains.     The  conspicuous  rim 
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rocks  in  the  vicinity  of  Diamond  are  composed  of  tuff,  and  similar 
rock  has  a  wide  distribution  in  the  hills  near  Smith  and  Mule. 

An  interesting  fact  in  connection  with  the  sheets  of  rhyolite  and  of 
rhyolitic  tuff  in  southeastern  Oregon  is  that  they  are  younger  than 
most  of  the  basalt  of  the  same  region  and  overlie  it.  There  have  been 
eruptions  of  basalt,  also,  since  the  youngest  observed  sheet  of  rhyo- 
lite and  of  rhyolitic  tuff  was  spread  out. 

The  rhyolitic  tuff  is  in  many  instances  highly  porous  and  permits 
the  free  percolation  of  water  through  it,  but  in  other  instances  it  is 
firmly  cemented  and  probably  nearly  impervious.  The  compact  rhy- 
olite is  to  be  classed,  in  most  instances,  as  an  impervious  rock,  although 
its  weathered  outcrops  are  at  times  conspicuously  cellular.  The  pres- 
ence of  sheets  of  these  rocks  in  an  artesian  basin,  together  with  sheets 
of  basalt  and  stratified  sandstone,  shales,  clay,  sand,  etc.,  would  tend 
to  increase  the  variety  among  the  strata,  and  in  a  general  way,  at 
least,  be  favorable  to  the  storage  of  water  under  pressure. 

PLUTONIC  OR  DEEP-SEATED  IGNEOUS  BOCKS. 

The  molten  magmas  which  rise  in  volcanoes  and  in  part  overflow, 
BO  as  to  form  lava  sheets,  also,  in  part,  cool  below  the  surface  in  the 
conduits  of  volcanoes  and  in  fissures.  Many  distinctive  features  in 
the  rocks  produced  from  the  same  molten  magma  arise  in  this  way, 
which  it  is  unnecessary  to  consider  at  this  time. 

Both  the  basalt  and  the  rhyolite,  which  occur  in  extensive  sheets 
in  Idaho  and  Oregon,  came  to  the  surface  through  openings,  as  fis- 
sures, for  example,  Bnd  below  the  present  surface  it  is  to  be  expected 
that  there  were  many  fissures  in  which  molten  rock  has  cooled,  so  as 
to  form  what  are  termed  dikes.  A  few  dikes  were  observed  in  the 
bold  eastern  face  of  Stein  Mountain,  and  indicate  that  others  may  be 
present  elsewhere.  The  dikes  referred  to  are  nearly  vertical,  vary  in 
width  20  to  60  feet,  and  are  horizontally  columnar.  As  is  well  known, 
dikes  have  frequently  led  to  the  hardening  of  the  walls  of  the  fissures 
they  occupy  and  for  this  and  other  reasons  their  presence  in  an  arte- 
sian basin  might  introduce  serious  difficulties  in  the  way  of  obtaining 
flowing  wells.  If  in  drilling  a  well,  the  locality  chosen  should  chance 
to  be  directly  above  a  dike,  it  is  probable  that  the  well  would  be  a 
failure,  even  if  the  usually  compact  and  hard  rock  of  the  dike  could 
be  penetrated.  Where  the  country  rock  is  concealed  beneath  deep 
sheets  of  soil,  alluvial  deposits,  etc.,  it  is  frequently  imi)ossible  to 
detect  the  presence  of  dikes  in  the  rocks  beneath  the  surface  cover- 
ing, unless  they  are  encountered  in  drilling  or  making  other  excava- 
tions. So  far  as  can  now  be  judged,  however,  the  dikes  in  the  artesian 
basins  described  in  this  report  are  not  numerous,  and  the  chances  of 
striking  them  in  drilling  are  small.  A  greater  danger  lies  in  the  fact 
that  they  may  cut  a  pervious,  bed  so  as  to  prevent  the  percolation  of 
water  through  it. 
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G150IX>GICAIi  STRUCTURE. 

By  geological  structure  is  understood  in  part  the  positions  occupied 
by  stratified  or  bedded  rocks  in  the  earth's  crust.  For  example,  sand- 
stone, shale,  etc.,  originally  laid  down  in  horizontal  sheets,  are  now 
found  in  many  instances  to  be  inclined  or  folded,  and  often  occupy  a 
vertical  position. 

The  rocks,  both  sedimentary  and  volcanic,  which  underlie  south- 
western Idaho  and  southeastern  Oregon,  were  at  the  time  of  their 
formation  spread  out  in  nearly  horizontal  layers,  but  subsequently 
they  have  been  depressed  in  one  locality  and  raised  in  another,  and 
in  certain  instances  crushed  together  so  as  to  form  great  upward  and 
downward  folds.  In  other  localities  they  have  been  broken  along 
nearly  vertical  planes,  and  a  portion  of  the  strata  on  one  side  of  the 
break  has  been  upraised  or  depressed  in  reference  to  corresponding 
strata  on  the  opposite  side ;  that  is,  the  beds  have  been  faulted.  Exam- 
ples of  gentle  tilting  of  previously  horizontal  sheets  of  rocks  through- 
out great  areas  are  furnished  in  the  broad  Snake  River  Plains  between 
Glenns  Ferry  and  Owyhee.  To  the  north  of  Snake  River  the  rocks 
are  now  gently  inclined  upward  to  the  north,  but  south  of  the  river 
the  same  beds  rise  when  followed  southward,  and  in  the  Owyhee 
Mountains  the  strata  are  more  than  a  thousand  feet  above  the  posi- 
tion they  occupy  beneath  Snake  River.  This  uptilting  of  stratified 
beds  is  well  displayed  in  the  hills  near  the  point  where  Snake  River 
first  crosses  the  Idaho-Oregon  boundary.  These  remnants  of  form- 
erly much  more  extensive  strata  indicate  not  only  the  way  in  which 
once  horizontal  beds  have  been  tilted,  but  l)ear  evidence  as  to  the 
great  amount  of  denudation  that  has  occurred  throughout  an  extensive 
region. 

Broad  and  comparatively  gentle  elevations  and  depressions  of  once 
horizontally  stratified  rdcks  occur  also  in  other  portions  of  the  region 
examined;  as,  for  example,  in  the  neighborhood  of  Harney  and  Burns. 
The  rocks  beneath  the  extensive  valley  in  which  Malheur  and  Harney 
lakes  are  situated  slope  upward  in  the  hills  and  mountains  about  the 
borders  of  the  basin,  as  is  well  shown  in  the  walls  of  the  canyons  on 
the  west  side  of  Stein  Mountain,  in  the  Crow  Creek  Mountains,  on  the 
border  of  the  canyon  of  Rattlesnake  River,  in  the  hills  west  of  Bums, 
and  several  other  localities.  In  general,  all  about  the  Harney  baain, 
as  it  is  convenient  to  terra  the  great  depression  in  which  Malheur  and 
Harney  lakes  are  situated,  as  well  as  in  the  country  draining  to  them, 
the  rocks  are  upraised.  This  basin,  however,  is  not  a  simple  saucer- 
shaped  depression,  but  has  irregularities,  and  is  due  to  the  association 
of  several  areas  in  which  upheavals  or  depressions  have  occurred. 

The  broad,  gentle  undulations  in  the  rocks  just  referred  to,  which 
in  some  instances  have  horizonital  axes  measuring  a  hundred  or  more 
miles,  are  promising  structural  features  in  reference  to  the  hope  of 
obtaining  an  artesian-water  supply. 
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Of  smaller  size  than  the  broad  and  usually  somewhat  indefinite 
swelLs  and  depressions  referred  to  above  are  upward  folds,  or  anticlines, 
and  downward  folds,  or  synclines.  These  are  similar  in  shape  and  in 
the  manner  in  which  they  are  produced  to  the  folds  or  corrugations 
that  may  be  made  by  pushing  one  side  of  a  pile  of  rugs  toward  its 
center;  or,  on  a  still  smaller  scale,  by  forcing  together  the  sides  of  a 
pile  of  newspapers  so  as  to  compress  them  into  folds.  In  the  region 
under  consideration  therefore  several  examples  of  such  folds;  but,  as 
is  commonly  the  case  on  all  land  areas,  the  relief  produced  in  the 
manner  referred  to  has  been  greatly  modified  by  erosion.  The  upward 
folds  particularly  have  been  cut  away,  leaving  for  the  most  part  only 
their  basement  portions. 

A  striking  illustration  of  a  great  upward  bend,  involving  bedded 
lava  sheets  having  an  aggregate  thickness  of  fully  5,000  feet  and  a 
^eat  but  unknown  thickness  of  stratified  sedimentary  deposits  as 
vrell,  is  furnished  by  the  north  x>ortion  of  Stein  Mountain  and  the 
several  parallel  nearly  north-south  ridges  to  the  east  of  it  and  north 
of  Alvord  Desert.  The  larger  features  of  this  rugged  belt  of  country 
are  due  to  the  erosion  of  a  great  anticlinal  fold,  the  longer  axis  of 
which  trends  about  northeast  and  southwest.  The  hard  layer  of  com- 
pact basalt  in  the  truncated  remnant  of  the  fold  now  forms  the  sharp 
crested  ridges  to  the  east  of  Juniper  and  Mann  lakes,  which  have  a 
gentle  surface  slope  on  one  side  and  a  steep  escarpment  on  the  other. 

A  characteristic  example  of  a  broad  downward  fold  or  syncline  may 
be  seen  from  the  summit  of  Stein  Mountain  on  looking  toward  the 
southwest  over  the  region  drained  by  Donner  and  Blitzen  River. 
The  longer  axis  of  this  basin  trends  in  a  north-south  direction  and  is 
inclined  downward,  or  pitches,  to  the  north. 

Accompanying  the  bending  of  rocks  so  as  to  form  corrugations, 
breaks  sometimes  occur,  and  the  edges  of  the  broken  layers  on  the 
sides  of  the  fracture  are  upheaved  or  depressed  with  reference  to 
each  other.  In  this  and  yet  other  ways  what  are  termed  "faults"  are 
produced. 

When  the  rocks  have  been  broken  and  displaced  or  faulted,  the 
conditions  are  not  favorable  for  obtaining  artesian  water.  Even  if 
an  artesian  basin  is  present,  the  impervious  beds,  which  would  other- 
wise confine  water  under  pressure,  may  be  broken  and  permit  the 
water  to  escape.  In  this  connection  it  is  to  be  noticed  that  hot  springs 
are  frequently  situated  on  fault  lines.  In  the  case  of  the  Stein  Moun- 
tain fault,  a  spring  with  several  surface  openings  having  tempera- 
tures ranging  from  168°  to  177°  F.  occurs  on  the  southwest  side  of 
Alvord  Desert. 

It  is  principally  from  the  study  of  the  structure  of  the  rocks  in  any 
region  that  the  presence  of  artesian  basins  is  to  be  determined.  The 
reason  why  structure  may  be  considered  as  the  controlling  condition 
in  this  connection  is  because  the  other  necessary  conditions,  such  as 
the  presence  of  pervious  and  impervious  layers  in  a  series  of  stratified 
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rocks,  the  presence  of  water  in  pervious  beds,  etc.,  are  of  common 
occurrence ;  while  the  requisite  conditions  for  storing  water  beneath 
the  earth's  surface  and  under  pressure  are  much  less  frequent,  and  it 
is  these  conditions  which  are  dependent  principally  on  the  x)ositions 
which  the  rocks  occupy — ^that  is,  the  geological  structure.  When  a 
saucer-shaped  basin  is  present,  the  chances  are  that  the  other  neces- 
sary conditions  will  also  exist. 

ARTESIAN  BASLNTS. 

The  four  principal  areas  in  southwest  Idaho  and  southeast  Oregon 
in  which  artesian  water  has  already  been  discovered,  or  in  which  con- 
vincing evidence  is  found  that  it  may  be  obtained,  have  already  been 
referred  to  under  the  names  of  the  Lewis,  Otis,  Harney,  and  White- 
horse  artesian  basins.  Such  facts  as  have  been  learned  concerning 
each  of  these  basins  as  are  thought  to  be  of  immediate  value  tiO  persons 
interested  in  the  development  of  their  artesian  conditions  are  here 
presented. 

LEWIS  ARTESIAN  BASIN. 

The  portion  of  this  artesian  basin  in  which  flowing  water  may  be 
obtained  is  situated  along  Snake  River  between  Glenns  Ferry  and 
Weiser,  and  might  with  propriety  have  been  named  after  it,  except 
for  the  possibility  that  other  artesian  basins  may  be  discovered  in 
the  extensive  region  it  drains.  Lewis,  the  less  frequently  used  but 
more  appropriate  name  of  the  Snake  River,  has  thei-ef ore  been  selected 
as  a  convenient  term  by  which  to  designate  the  art.esian  basin  under 
consideration. 

The  rocks  on  each  side  of  Snake  or  Ijcwis  River  from  near  the 
mouth  of  Kinghill  Creek  westward  to  beyond  the  Idaho-Oregon 
boundary  are  gently  inclined  or  dip  toward  the  canyon  of  that 
stream  from  each  side.  The  inclination  of  tlie  rocks  is  most  readily 
seen  on  the  south  side  of  Suake  River;  as,  for  example,  in  the  high- 
lands to  the  east  of  Bruneau  River,  and  in  the  hills  near  the  mouth 
of  Owyhee  River,  where  the  strata  rise  when  traced  southward  at  the 
rate  of  perhaps  ICX)  feet  to  the  mile.  This  rise,  although  gentle,  is 
sufficient  to  carry  the  strata  which  underlie  Snake  River  to  an  eleva- 
tion of  more  than  a  thousand  feet  above  its  surface  in  the  hills  and 
mountains  of  Owyhee  County.  On  the  north  side  of  Snake  River  the 
rocks  are  seemingly  level,  but,  as  nearly  as  can  be  judged,  rise  gradu- 
ally to  meet  the  mountains  of  older  rock  to  the  north  of  Mountain 
Home,  Boise,  etc.  The  inclinations  of  the  rocks  just  referred  to  show 
that  they  have  been  bent  into  a  broad  trough-shaped  depression,  the 
longer  axis  of  which  bears  about  northwest  and  southeast,  and  is  fol- 
lowed by  the  canyon  of  Snake  River  in  a  general  way  from  Glenns 
Ferry  to  the  Idaho-Oregon  boundary.  In  certain  localities,  however, 
the  axis  of  the  fold  is  a  mile  or  two  north  of  the  river. 
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On  reaching  Snake  River,  in  1901,  I  observed  the  general  features 
pertaining  to  the  dip  of  the  rocks  just  referred  to,  and  at  once  recog- 
nised the  possibility  of  the  presence  of  an  artesian  basin.  Other  con- 
ditions confirming  the  truth  of  this  inference,  such  as  the  presence  of 
warm  and  hot  springs,  were  soon  discovereVl,  and  the  fact  was  learned 
that  several  successful  artesian  wells  had  already  been  drilled  in  Bru- 
nean  and  Little  valleys,  thus  demonstrating  that  water  under  pressure 
exists  below  the  surface.  In  1902  the  portion  of  Snake  River  Valley 
lying  west  of  the  region  traversed  the  previous  year  was  examined, 
and  the  structural  basin  referred  to  was  found  to  extend  beyond  the 
Idaho-Oregon  boundary  and  to  include  a  wide  extent  of  territory  in 
Oregon. 

The  eastern  end  of  the  Lewis  artesian  basin  is  for  convenience  con- 
sidered to  be  near  the  eastern  boundaries  of  Elmore  and  Owyhee  coun- 
ties, principally  for  the  reasons  that  this  is  the  eastern  limit  in  the 
canyon  of  Snake  River  where  land  suitable  for  irrigation  occurs 
below  the  artesian  head  of  the  basin  as  at  present  known,  and  also 
becaase  sufficient  study  has  not  as  yet  been  given  to  the  region  east 
of  the  counties  mentioned  to  justify  me  in  expressing  an  opinion  in 
reference  to  the  actual  eastern  extension  of  the  basin  in  question. 

The  margin  of  the  Lewis  artesian  basin  can  not  yet  be  actually 
mapped,  but  within  it  is  included,  in  a  general  way,  the  Snake  River 
Plains  in  Elmore,  Ada,  and  Canyon  counties,  and  the  country  in 
Owyhee  County  which  is  drained  by  northward-flowing  streams.  In 
Oregon  its  boundary  is  still  less  definitely  known,  but  it  includes  the 
greater  part  of  the  northern  third  of  Malheur  County.  The  position 
of  the  actual  boundary  of  the  basin,  or  the  line  from  which  the  rocks 
begin  to  slope  toward  a  central  axis,  is  of  much  less  practical  moment, 
however,  than  the  boundary  of  the  country  below  the  artesian  head. 

As  will  be  stated  below,  the  artesian  head  of  the  Lewis  artesian 
basin  has  not  been  accurately  determined,  but  provisionally  it  is 
taken  at  2,500  feet  above  sea  level.  This  is  certainly  a  safe  assumption, 
as  flowing  wells  now  discharge  this  water  at  that  level,  and  others,  as 
determined  by  a  less  accurate  method  of  measurement,  namely,  the 
aneroid  barometer,  overflow  at  2,700  feet  above  the  sea.  This  indefi- 
niteness  is  due  to  the  fact  that  none  of  the  wells  in  the  basin  are 
proi>erly  cased,  and  it  was  impracticable  with  the  means  at  my  dis- 
posal to  make  definite  measurement  of  the  water  pressure.  How- 
ever, the  area  throughout  the  greater  part  of  the  Snake  River  Canyon 
or  Valley,  which  is  between  an  elevation  of  2,500  and  2,700  feet,  is 
comparatively  small,  and  the  extent  of  territory  below  the  former 
level  is  probably  more  than  sufficient  to  utilize  all  the  artesian  water 
that  can  be  had  within  its  boundary. 

The  tracing  of  the  territory  below  the  known  artesian  head  in  the 
portion  of  the  Lewis  artesian  basin  which  is  situated  in  Idaho  is  a 
simple  matter,  as  most  of  it  has  been  surveyed  and  accurate  contour 
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maps  are  available.  The  maps  referred  to  are  published  by  the  United 
States  Geological  Survey,  and  comprise  the  following  sheets  of  the 
topographic  atlas  of  the  United  States :  Mountain  Home,  Bisuka,  lk>ise, 
Silver  City,  Nampa,  and  Weiser.^  By  consulting  these  maps  it  will 
be  seen  that  a  large  extent  of  territory  adjacent  to  Snake  and  Boise 
rivers  lies  below  the  2,500-foot  contour.  Practically  all  of"  the  flat 
land  favorable  for  agriculture  adjacent  to  Snake  River,  between 
Glenns  Ferry  and  the  mouth  of  Boise  River,  lies  below  the  horizon 
referred  to.  That  is,  the  2,500-foot  contour  marks,  in  general,  the 
beginning  of  the  abrupt  slopes  which  rise  from  the  flat  lands  border- 
ing the  river  to  the  margin  of  the  plateau  above.  In  the  region  referred 
to,  where  the  surface  is  less  than  2,500  feet  above  the  sea,  wells  put 
down  to  the  requisite  depth,  which  will  be  discussed  later,  should 
yield  flowing  water.  A  considerable  extent  of  country  about  Nampa 
and  Caldwell,  much  of  the  valley  of  Boise  River,  and  of  the  Snake 
River  Valley  between  the  mouths  of  the  Boise  and  Weiser,  are  also 
below  the  2,500-foot  contour,  and  so  far  as  can  now  be  judged,  wells 
put  down  in  this  region  should  also  yield  an  artesian  flow. 

There  are  no  good  maps  of  the  region  in  Oregon  embraced  within 
the  Lewis  artesian  basin,  and  it  is  impracticable  to  state  at  present 
where  the  plane  of  the  assumed  artesian  head,  2,500  feet  above  the 
sea,  intersects  the  surface.  Much  of  the  nearly  level  land  that  is 
otherwise  favorable  for  agriculture  adjacent  to  the  west  side  of  Snake 
River  from  where  it  first  crosses  the  Idaho-Oregon  boundary  north- 
ward to  the  vicinity  of  Weiser,  and  an  extensive  tract  in  the  lower  25 
miles  of  the  valley  of  Malheur  River  are  certainly  within  the  limit 
referred  to,  and  careful  tests  of  the  artesian  conditions  should  be 
made.  A  rough  estimate  of  the  extent  of  agricultural  land  in  Idaho 
and  Oregon  that  is  within  the  Lewis  artesian  basin  and  below  its 
known  artesian  head  shows  it  to  be  not  less  than  1,000  square  miles. 

As  the  conclusions  just  presented  will  no  doubt  be  considered  too 
sanguine  by  many  persons,  I  desire  to  indicate  briefly  the  evidence, 
other  than  the  geological  structure,  on  which  they  are  based,  and  at 
the  same  time  to  furnish  data  which  will  assist  in  the  more  complete 
development  of  the  artesian  conditions. 

SPRINGS. 

Within  the  Lewis  artesian  basin  there  are  a  number  of  warm  and 
hot  springs,  which  show  that  water  under  pressure  exists  below  the 
surface. 

Mountain  Home. — About  3  miles  east  of  Rattlesnake  Creek,  at  the 
locality  where  *'01d"  Mountain  Home  was  located,  there  is  a  fine 
spring,  or  group  of  springs,  with  a  maximum  temperature  of  167°  P. 

a  These  maps,  on  a  scale  of  about  2  miles  to  1  inch,  with  a  contour  interval  of  100  feet,  each 
sheet  inclnding  about  850  square  miles,  can  be  purchased  of  the  United  States  Geological  Sur- 
yey  for  5  cents  each. 
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The  surface  level  is  about  3,550  feet.  The  water  is  of  ^ood  quality, 
l3ut  is  not  now  utilized  except  in  a  small  way  for  bathing.  No  attempt 
has  been  made  to  develop  the  spring  by  boring,  although  good  land 
occurs  near  at  hand  on  which  any  water  that  might  be  obtained  could 
l>e  used  for  irrigating. 

Boise. — Springs  issue  from  sandstone  of  the  Payette  formation,  4J 
miles  east  of  Boise,  at  an  elevation  of  about  2,750  feet.  The  water 
has  a  faint  smell  of  sulphureted  hydrogen,  contains  a  small  amount 
of  mineral  matter  in  solution,  and  varies  in  temperature  from  125°  F. 
to  near  the  boiling  point. 

Sfdnuyfi  River. — A  small  spring  on  the  left  bank  of  Snake  River, 
about  4  miles  above  the  mouth  of  Salmon  River,  Cassia  County,  has 
a  temperature  of  131°  F.  Another  hot  spring  occurs  in  the  canyon  of 
Salmon  River,  about  5  miles  above  its  mouth. 

lAttle  Valley. — Near  the  head  of  Little  Valley,  Owyhee  County, 
there  are  several  warm  springs  and  one  small  hot  spring,  temperature 
101°  F.,  which  is  now  partially  developed  by  drilling  wells  near  it  to 
a  depth  of  40  feet. 

Bruneau  Valley. — Near  Hot  Spring  post-office  there  are  several 
copious  springs,  with  a  temperature  of  109°  F.  One  of  these  has  been 
developed  by  drilling  a  well  near  it  to  a  depth  of  240  feet.  The  well 
furnishes  7  gallons  of  water  per  minute. « 

Walters  BvMe. — A  copious  spring  about  1  mile  west  of  Walters 
Butt^,  Canyon  County,  where  the  elevation  is  2,340  feet,  has  a  tem- 
perature of  67°  F.  This  spring  is  very  likely  due  to  the  leakage  from 
water-bearing  strata,  and  suggests  that  wells  put  down  in  its  vicinity 
to  a  depth  of  about  350  or  400  feet  would  yield  a  surface  flow  of  water. 
Near  Walters  Butte  there  is  an  area  of  about  4  square  miles  of  favor- 
able land  that  lies  below  the  known  artesian  head  of  the  basin  in 
which  it  is  situated. 

Enterprise. — On  the  south  side  of  Snake  River,  at  Enterprise, 
Owyhee  County,  there  is  a  spring  issuing  at  an  elevation  of  2,220  feet, 
with  a  temjierature  of  128°  F.,  which  discharges  approximately  7  cubic 
feet  of  water  per  second  and  is  now  utilized  for  bathing  and  for  irri- 
gating  about  10  acres  of  land.  The  water  rises  where  there  is  a  thick- 
ness of  nearly  1,000  feet  of  soft  lake  sediment  (Payette  formation) 
and,  as  its  temperature  indicates,  comes  from  a  depth  of  approxi- 
mately 4,500  feet. 

Sands. — From  2  to  3  miles  west  of  Sands,  in  Owyhee  County,  and 
near  the  point  where  Poison  Creek  descends  through  a  deep  cleft  in  the 
upland  and  enters  Snake  River  Valley,  there  are  copious  springs,  with 
a  temperature  of  about  100°  F.,  which  are  used  for  irrigation.  These 
springs  rise  where  the  surface  level  is  approximately  2,450  feet,  and 
may  reasonably  be  supposed  to  be  supplied  by  the  leakage  of  porous 

aO>nceming  the  five  localitiea  mentioned  above  additional  information  is  presented  in  Bnll. 
U.  S.  Oeol.  Survey  No.  199. 
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beds  in  the  Payette  formation.  They  occur  within  the  Lewis  artesian 
basin,  nearly  up  to  the  known  artesian  head  of  that  basin,  and  are  a 
favorable  indication  that  wells  drilled  in  their  vicinity  to  a  depth  of 
approximately  1,000  feet  would  prove  successful,  but  from  other  evi- 
dence it  is  to  be  presumed  that  flowing  water  might  be  expected  on 
drilling  to  a  less  depth.  To  the  north  of  the  conspicuous  line  of 
bluffs  trending  northwest  and  southeast  and  passing  Sands  on  the 
south  is  a  large  tract  of  good  land,  embracing  in  fact  something  like 
100  square  miles,  which  is  below  the  level  of  the  springs  just  referred 
to,  and  where  one  is  justified  in  assuming  that  artesian  water  can 
be  had. 

Owyhee  Canyon. — In  the  canyon  of  the  Owyhee,  about  6  miles 
south  of  Owyhee  post-office,  there  is  a  copious  hot  spring,  which  issues 
from  openings  in  volcanic  rock  and  has  a  temperature  of  about  US'' 
F.  But  little  irrigable  land  occurs  near  this  spring,  and  for  this  rea- 
son an  attempt  to  develop  it  and  concentrate  its  flow  would  at  present 
not  be  warranted. 

Vale. — At  Vale,  on  the  east  border  of  Malheur  River,  there  is  a 
spring  with  a  temperature  of  198^°  F.  Near  at  hand  a  well  put  down 
to  a  depth  of  140  feet  yields  a  strong  flow  of  water  with  the  same  tem- 
perature. These  springs  are  in  a  broad  region  underlain  by  the 
Payette  formation,  but  it  is  presumed,  are  supplied  by  fissures. 
These  springs  rise  at  the  west  base  of  a  prominent  hill,  composed 
in  part  of  cemented  gravel,  and  the  manner  in  which  they  are 
depositing  mineral  matter  suggests  that  the  pebbles  and  sand  in  the 
hill  were  cemented  by  the  same  process.  Other  similar  hills  or  buttes 
are  situated  a  mile  or  two  northward,  and  another  is  a  conspicuous 
object  about  5  miles  farther  north.  Each  of  these  exceptional  fea- 
tures in  tlie  topography  of  the  valley  is  due  to  the  resistance  offered 
to  erosion  by  the  hard  beds  they  contain,  and  suggest  that  in  each 
case  hot  springs  rising  through  the  Payette  formation  have  led  to  a 
local  hardening  of  its  more  porous  strata  and,  in  consequence,  their 
preservation  as  erosion  progressed.  This  suggestion  was  not  tested 
by  examining  each  of  the  hills  referred  to,  but  may  be  of  interest  to 
students  of  geology  who  visit  them  in  the  future,  and  in  addition 
may  be  found  to  explain  the  manner  in  which  hot  springs  some- 
times occur  in  artesian  basins,  but  do  not  appear  to  have  any  connec- 
tion with  neighboring  artesian  wells. 

WestfaU. — On  the  stage  road  between  Vale  and  Westfall,  in  sec.  9, 
T.  18  S.,  R.  43  E.,  there  is  a  spring  with  a  t.eraperature  of  168°  F.  at 
an  elevation  by  aneroid  barometer  of  2,400  feet.  This  discharges  b}'^ 
estimate  about  2  miners'  (California)  inches,  or  100  cubic  inches  per 
second,  but  the.  total  flow  from  the  several  small  openings  is  probably 
greater  than  this.  The  waters  have  a  slight  odor  of  sulphureted  hydro- 
gen, and  are  depositing  lime  in  the  form  of  cellular  calcareous  tufa. 
The  water  is  used  for  bathing,  and  in  part  is  conducted  to  a  house 
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through  a  pipe  and  used  for  cooking,  etc.  A  small  spring  near  at 
h&nd,  supplied  by  percolation  from  the  alluvial  material  in  the  bed 
of  Bully  Creek,  has  a  temi)erature  of  54°  F. 

The  hot  spring  just  mentioned  is  within  the  territory  included  in 
the  Liewis  artesian  basin,  and,  judging  from  the  approximate  measures 
av^ailable,  is  below  the  artesian  head  of  that  basin,  but  owing  to  the 
high  temperature  of  its  waters  and  the  consequent  depth  from  which 
they  rise,  and  the  nature  of  the  rocks  in  the  vicinity,  little  if  any  sig- 
nificanee  in  reference  to  the  probability  of  obtaining  artesian  water 
in  its  neighborhood  can  be  attached  to  it. 

Betdah. — Small  springs  in  the  valley  of  Warm  Creek,  near  Beulah, 
have  a  temperature  of  185°  F. 

DRILLED   WELLS. 

In  the  portion  of  the  Lewis  artesian  basin  examined  by  me  in  1901 
it  was  found  that  several  moderately  deep  borings  had  already  been 
put  down,  several  of  which  yielded  a  surface  flow  of  water.  Some 
account  of  the  borings  referred  to  was  presented  in  my  report  for  the 
year  named,  ^  but  for  the  purpose  of  bringing  together  all  the  avail- 
able evidence  furnished  by  borings  concerning  water  pressure,  etc., 
within  the  Lewis  artesian  basin  a  brief  account  of  those  previously 
described  is  here  inserted. 

Boise, — To  the  north  and  east  of  Boise  and  within  2  miles  of  the 
city  several  flowing  wells  have  been  obtained  by  drilling  in  the  Pay- 
ette formation,  and  the  water  they  supply  is  now  utilized  for  city  pur- 
poses. Boise  is  fortunate  in  possessing  both  cold,  and  hot  artesian 
wells.  The  following  facts  concerning  them  are  compiled  from  a 
report  on  the  geology  of  the  Boise  region  of  Waldemar  Lindgren.* 

The  several  cold  artesian  wells  at  Boise  (temperature  about  55°  F.) 
are  situated  in  the  gulches  north  of  the  city  and  at  an  elevation  of 
about  2,750  feet.  They  vary  in  depth  from  400  to  609  feet,  but  since 
this  information  was  obtained  some  of  them  have. been  deepened. 
The  materials  passed  through  in  Hulls  Gulch  are  sand  and  sandstone, 
200  feet,  and  clayey  beds,  200  feet,  below  which  water  was  obtained. 
In  the  deepest  well  there  are  below  the  clay  40  feet  of  sand,  20  feet 
of  clay,  and  46  feet  of  solid  basalt,  below  which  clay  occurs  again. 
These  wells  yield  from  40  to  250  gallons  per  minute,  and  their  com- 
bined flow  is  stated  to  be  about  670  gallons  per  minute.  The  water 
is  stored  in  a  covered  reservoir  and  from  there  conducted  into  the 
city  water  mains. 

Two  wells  drilled  on  the  Davis  ranch,  in  the  next  gulch  north  of 
Hulls  Gulch,  to  a  depth  of  150  feet  yield  40  gallons  of  water  per 
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^Oeologic  Atlas  U.  S.,  folio  45,  Boise,  Idaho;  published  by  the  U.  S.  Oeol.  Survey  and  sold 
for  25  cents  per  copy. 
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minute.     A  well  drilled  to  a  depth  of  400  feet  in  a  ravine  sonth  of 
'  Hulls  Gulch  passed  through  clay  and  failed  to  reach  wat<er  under 
pressure. 

The  hot  artesian  wells  at  Boise  are  situated  two  miles  southeast  of 
the  city.     Three  of  these,  the  water  of  which  is  piped  to  the  city  and 
extensively  used  for  heating,  baths,  etc.,  have  depths  of  394,  404,  and 
455  feet.     The  character  of  the  rocks  penetrated  is  not  definitely 
recorded,  but  it  is  stated  that  the  drill,  after  passing  through  sand- 
stone, penetrated  several  sheets  of  basalt,  below  which  occurred  red 
volcanic  tuff  or  fragmental  volcanic  rock  more  or  less  thoroughly 
cemented  and  containing  much  black  sand.     The  combined  discharge 
of  the  three  wells  is  550  gallons  a  minute.     The  water  is  slightlj^ 
charged  with  mineral  matter  in  solution  (about  300  parts  in  1,000,000) 
and  has  a  temperature  of  170°  F.     The  surface  elevation  is  nearly 
2,800  feet,  and  the  water  is  under  sufficient  pressure  to  cause  it  to  rise 
in  a  tube  open  at  the  top  about  50  feet  above  the  surface,  or  to  an  eleva- 
tion of  2,850  feet  above  the  sea.     Several  wells  have  been  drilled  on 
the  United  States  military  reservation  a  mile  east  of  Boise,  at  least 
two  of  which  discharge  warm  water.     Their  depths  are  450  and  482 
feet.     The  surface  elevation  is  2,850  feet.     From  the  first  mentioned 
a  small  flow  of  water  with  a  temperature  of  from  75°  to  140°  F., 
increasing  with  depth,  was  obtained.     The  second  gave  a  flow  of  about 
35  gallons  per  minute,  the  water  having  a  temperature  of  90°    F. 
These  wells  are  located  near  a  small  tepid  spring,  and  penetrated  first 
130  to  160  feet  of  sandstone,  then  72  to  116  feet  of  hard,  black  lava 
(basalt),  below  which  occurs  a  series  200  to  250  feet  thick  of  clays  and 
red  basaltic  tuff  i|ich  in  magnetite  (black  sand)  and  sometimes  con- 
taining also  iron  pyrites. 

Other  artesian  wells  in  the  neighborhood  of  Boise  are  briefiy 
described  in  the  Boise  folio  referred  to  above. 

Both  the  cold  and  the  hot  artesian  wells  near  Boise  are  in  the 
Payette  formation  and  associated  and  interbedded  sheets  of  basalt 
which  underlie  the  Snake  River  Plains.  These  same  beds  outcrop 
on  the  border  of  Snake  River  Canyon,  and  south  of  Snake  River 
rise  to  an  elevation  of  4,000  feet  or  more  in  the  Owyhee  Mountains. 
These  facts,  together  with  the  geographical  position  of  the  wells  and 
the  elevation  at  which  they  are  located — that  is,  about  2,850  feet — 
render  it  at  least  possible  that  they  belong  to  the  Lewis  artesian 
basin. 

Bruneau  Valley. — In  the  upper  portion  of  Bruneau  Valley  there 
are  three  flowing  wells,  each  2^  inches  in  diameter,  which,  together 
with  the  numerous  hot  springs  of  the  same  region  briefly  described 
above,  show  that  an  abundance  of  water  exists  at  a  moderate  depth 
and  under  sufficient  pressure  to  cause  it  to  rise  to  the  surface  if  open* 
ings  are  provided. 

On  W.  N.  Robersou's  rauch,  about  2  miles  north  of  Hot  Spring 
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post-office  and  on  the  west  side  of  the  valley,  a  drilled  well  having  a 
depth  of  240  feet  delivers  about  7  gallons  of  water  per  minute,  having 
a  temperature  of  109°  F.  This  well  is  within  a  few  feet  of  a  large  hot 
spring  having  the  same  temperature,  the  flow  of  which  was  not 
diminished  when  the  well  was  drilled.  The  elevation  of  the  surface 
at  this  point,  by  aneroid,  is  2,750  feet.  The  section  passed  through, 
as  reported  from  memory  by  Mr.  Boberson,  is  as  follows: 

Section  at  Roberson^a  ranch. 

Feet.    Inches. 

Ld^ht-colored  sandy  clay  (Payette  formation)  _ _• 236 

Orannlar  black  layer,  like  basalt  (volcanic  lapilli) 10 

Blue  clay  (Payette  formation) 4 

Black  lava Several  inches. 

Total  depth,  approximately 240 

The  water  is  used  for  household  purposes  and  for  irrigation. 

Nearly  opposite  the  well  just  described,  on  the  east  side  of  the 
valley  and  at  an  elevation  approximately  50  feet  higher,  a  well  drilled 
to  a  depth  of  230  feet,  on  land  belonging  to  Mr.  A.  H.  Pence,  gave  a 
small  surface  flow. 

On  B.  Whitson's  ranch,  on  the  eastern  side  of  the  valley,  about  3 
miles  north  of  the  two  wells  just  mentioned,  where  the  surface  eleva- 
tion is  by  aneroid  2,750  feet,  a  well  7(X)  feet  deep  discharges  about 
one-third  cubic  foot  of  water  per  second.  The  temperature  is  reported 
to  l>e  90°  F. 

These  three  wells  derive  their  water  from  different  depths,  and 
seem  to  indicate  that  water  under  pressure  exists  in  at  least  three 
disconnected  pervious  layers,  or  else  that  a  source  of  supply  more 
deeply  seated  than  has  been  reached  by  any  of  the  drill  holes  yet 
made  charges  porous  beds  above  it  through  fissures.  The  abundance 
of  hot  springs  in  the  same  vicinity  apparently  favors  the  latter 
hypothesis. 

Little  Valley. — ^Near  the  head  of  Little  Valley,  9  miles  west  of  Bru- 
neau,  there  are  five  flowing  wells,  which  range  in  depth  from  150  to 
215  feet,  each  drilled  with  a  2i-inch  bit  and  poorly  cased.  The  water 
is  of  good  quality  and  has  a  temperature  of  about  67°  F.  The  flow 
varies  somewhat  with  seasonal  changes,  being  greatest  in  winter  and 
spring  and  least  in  summer  and  fall.  In  most  of  these  wells  the  pipes 
have  become  clogged  and  the  discharge  is  small.  One  of  the  stronger 
of  the  wells  delivers  in  August  a  gallon  of  water  in  seven  minutes,  and 
is  said  to  discharge  about  a  gallon  per  minute  in  winter.  Neighbor- 
ing springs  have  various  temperatures,  ranging  from  56°  to  69°  F. 

These  shallow  wells,  some  of  which  began  to  flow  when  a  depth  of 
60  to  70  feet  was  reached,  are  in  a  broad,  deeply  filled  alluvial  valley 
and  evidently  depend  for  their  water  supply  on  an  alternation  of  per- 
vious and  impervious  beds  in  the  alluvial  deposits.  The  source  of 
the  water  for  the  several  cold  springs  ii§  iio  clpi^bt  the  creeks  which 
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flow  from  the  mountains  to  the  south,  but  the  wells  must  be  supplied 
from  a  deeper  source. 

Little  Valley  is  situated  within  the  Ijewis  artesian  basin  and  is  lower 
'  than  the  flowing  wells  near  Hot  Spring  post-office,  in  Bruneau  Valley, 
but  the  wells  referred  to  al)Ove  do  not  furnish  a  test  of  what  may  be 
termed  the  true  artesian  condition.  Near  the  wells  just  dcjHcribed, 
but  nearer  the  liead  of  Little  Valley,  there  is  a  small  hot  spring  which 
rises  through  soft,  white  lake  beds,  and  which  has  a  temperature  of 
101°  F.  Five  drill  holes,  put  down  to  a  depth  of  40  feet  in  the  iniiue- 
diate  vicinity  of  this  spring,  resulted  in  a  marked  increase  in  the 
outflow.  The  discharge  is  now  a1x)ut  one-half  cubic  foot  per  second. 
The  wells  are  not  cased,  and  there  is  reason  to  believe  that  lai^er 
holes,  with  proper  casing,  would  lead  to  a  greater  discharge. 

Oiiffey. — In  the  small  valley  cut  by  Dry  Creek,  about  1^  miles 
southwest  of  Guffey,  Owyhee  County,  a  well  drilled  to  a  depth  of  56S 
feet,  but  not  completed  when  examined  (July  12,  11)02),  paases 
through  30  feet  of  loose  surface  gravel  and  then  about  538  feet  of 
soft  light-covered  strata  belonging  to  the  Payette  formation,  contain- 
ing three  seams  of  hard  material,  and  i cached  a  hard  rock,  perhaj^s 
quartzite,  which  checked  the  drill.  The  well  is  3  inches  in  diamet-er. 
A  surface  flow  was  obtained  from  a  depth  of  160  feet,  and  an  addi- 
tional flow  at  416  feet.  The  discharge  is  nearly  1  cubic  foot  of 
water  per  minute;  temperature  76^°  F.  The  well  is  not  ca^ed  below 
a  depth  of  38  feet.  Elevation  at  surface  2,375  feet,  or  about  160 
feet  above  the  adjacent  iwrtion  of  Snake  River. 

In  a  small  gulch  at  Gufl'ey  and  about  120  feet  above  Snake  River, 
a  well  bored  with  a  l^in.  i  hand  auger  to  a  depth  of  30  feet  through 
light-colored  beds,  probably  shale  of  the  Payette  formation,  at  first 
discharged  about  1  gallon  of  water  per  minute,  but  has  since  ceased 
to  flow. 

Central, — Near  Central  (Barnard  Ferry),  in  the  Snake  River  Can- 
yon, and  from  7  to  9  miles  northwest  of  Guffey,  four  artesian  wells 
have  been  drilled.  All  of  them  are  situated  near  the  bottom  of  the 
valley,  and  within  a  distance  of  1^  miles  of  Central,  t<,ward  the  south- 
east, where  the  elevation  is  approximately  2,3(X)  feet.  The  records 
of  these  wells  are  as  follows : 

On  the  land  of  Alfred  Cox  a  3-inch  well  completed  in  June,  1902, 
has  a  depth  of  about  1,033  feet.  It  is  cased  from  surface  to  a  depth 
of  39  feet  and  discharges  by  estimate  one-half  gallon  of  water  per 
second;  temperature  100°  F.  Flowing  water  was  first  reached  at  a 
depth  of  600  feet,  and  the  delivery  at  the  surface  steadily  increased  as 
long  as  drilling  was  continued.  The  water  brings  sand  and  gravel  to 
the  surface  with  it.  The  contract  price  of  the  well  was  25  cents  per 
foot,  the  owner  furnishing  wood  and  water  for  the  engine  used  in 
drilling.  The  casing  used  was  also  provided  by  the  owner  of  the  land 
and  cost  about  50  cents  per  foot. 
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About  one-hiilf  mile  west  of  the  Cox  well  a  boring  approximately 
1,0(X)  deep  was  put  down  in  1901,  which  failed  to  reach  water  under 
sufficient  pressure  to  force  it  to  the  surface.  No  other  record  in 
reference  to  this  boring?  has  been  obtained. 

On  the  farm  of  P.  B.  Smith,  adjacent  to  the  land  of  Mr.  Cox,  and 
about  1 J  miles  southeast  of  Central,  an  artesian  well  drilled  in  1901 
has  a  depth  of  040  feet,  is  3  inches  in  diameter,  is  cased  to  a  depth 
of  30  feet,  and  discharges  about  one-third  of  a  gallon  of  water  per 
second;  temperature  98°  F.  Water  which  rose  to  the  surface  was 
first  reached  at  a  depth  of  550  feet.  At  700  feet  a  seam  of  black 
sand,  etc.,  was  penetrated  and  the  flow  of  water  increased.  At  the 
bottom  of  the  well  the  drill  dropped  about  3  feet,  having  reached  a 
stratum  of  sand  and  gravel,  from  which  the  main  supply  of  water  is 
derived.  The  well  discharges  sand  and  gravel.  Cost  about  25  cents 
per  foot. 

On  the  land  of  Mr.  Barnard,  about  one-half  mile  southeast  of  Cen- 
tral, a  well  drilled  in  1901  has  a  depth  of  about  1,035  feet,  is  3  inches 
in  diameter,  cased  for  a  short  distance  at  the  top,  and  discharges,  hy 
estimate,  1  gallon  of  water  per  second,  with  a  temj)erature  of  100°  F. 
At  Mr.  Barnard's  home,  in  Central,  a  well  drilled  in  1901  to  a  depth 
of  720  feet,  delivers  about  three-fourths  of  a  gallon  of  water  per  sec- 
ond, not  measured,  with  a  temperature  of  99  or  100°  F. 

The  four  wells  near  Central  just  referred  to  were  all  drilled  in  the 
unconsolidated  lacustral  deposits,  mostly  sandy  clan's  and  soft  shales 
of  the  Payette  formation.  A  notable  fact  in  connection  with  them  is 
that  no  sheets  of  basalt  were  encountered.  The  water  from  each  of 
the  wells  is  used  for  irrigation. 

Enterprise. — About  3^  r.iles  down  Snake  River  from  Central  or 
Barnard  Ferry  is  the  i^ost-office  known  as  Enterprise,  situated  near 
Warm  Spring  Ferry.  Within  a  radius  of  about  IJ  miles  of  Enter- 
prise and  to  the  southeast  there  are  4  artesian  wells. 

At  the  home  of  George  Newell  there  are  2  flowing  wells,  one  with  a 
deptli  of  34:0  feet,  cased  with  2^-inch  pipe,  temperature  of  87°  F.,  and 
the  other  385  feet  deep,  6  inches  in  diameter;  temperature  90°  F. 
The  surface  elevation  is  about  2,300  feet.  The  flow  of  water  from 
the  larger  well,  particularly,  is  strong,  but  on  account  of  leakage 
about  the  pipe  could  not  be  measured.  An  estimate  i)laces  the  com- 
bined flow  from  the  two  wells  at  about  1  gallon  per  second.  The 
water  is  used  for  irrigation.  About  1^  miles  southwest  of  Mr.  Newell's 
home,  where  the  elevation  is  2,500  feet,  a  well  drilled  in  1901  to  a 
depth  of  165  feet,  diameter  10  iuclu^s,  discharges,  by  estimate,  about 
2  gallons  of  water  per  second;  temperature  87°  F.  The  water  is  used 
for  irrigation.  This  well  was  begun  in  igneous  rock,  probably  rhyo- 
lite,  but  at  a  depth  of  a  few  feet  entered  clay,  and  below  the  clay 
several  changes  in  the  nature  of  the  material  occurred,  but  an  accu- 
rate record  has  not  been  preserved.     Near  where  the  well  was  drilled 
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there  is  a  small  spring  of  warm  water.  Approximate!}'  one-Iialf  mile 
west  of  Mr.  Newell's  ranch,  on  land  reported  to  belong  to  Mr.  Shirley, 
a  well  was  drilled  in  1801  to  a  depth  of  about  580  feet. 

The  four  wells  just  referred  to,  with  the  exception  of  the  10-incli 
well,  were  drilled  in  the  light-colored  sedimentary  beds  of  the  Pay- 
ette formation  and,  like  those  near  Central,  have  surprisinijly  high 
temperatures  for  their  depth.  The}'  are  within  a  distance  of  1.1 
miles  of  the  copious'hot  spring  at  Enterprise,  which  has  a  tempera- 
ture of  128°  F.,  and,  as  it  seems  justifiable  to  assume,  derive  a  part  of 
their  water  at  least  from  that  or  some  other  similar  source. 

Ontario, — The  records  of  two  drill  holes  made  at  Ontario,  Greg., 
are  as  follows : 

A  well  owned  by  the  city  of  Ontario,  incomplete  in  October,  ll'Of?, 
has,  as  I  am  informed  by  Mr.  A.  L.  Sproul,  of  Ontario,  a  depth  of 
1,025  feet,  is  4  inches  in  diameter,  and  reached  water  at  195  feet, 
which  rose  to  within  G  feet  of  the  surface.  The  material  passed 
through  is  sand  and  gravel  to  a  depth  of  35  feet  and  the  remainder 
blue  clay.  The  water  is  charged  with  gas,  which,  when  properly 
confined,  burns  constantly.     Cost  of  the  well,  8750. 

The  well  just  described  is  situated  where  the  surface  elevation  is 
between  2,100  and  2,200  feet,  or  well  below  the  artesian  head  of  the 
Lewis  artesian  basin.  The  well  is  not  cased,  and  the  rise  of  the  water 
to  within  0  feet  of  the  surface  makes  it  probable  that  if  proper  tests 
of  the  water  pressure  should  be  made  it  would  be  found  that  a  sur- 
face flow  could  be  had  bj'  putting  in  proper  casing. 

The  second  well  at  Ontario,  owned  by  A.  F.  Bo^^er,  completed  Sep- 
tember, 1902,  3  inches  in  diameter,  has  a  depth  of  215  feet;  water 
rose  and  overflowed.  Gas  is  discharged  with  the  water.  Material 
passed  through:  Soil,  10  feet;  gravel,  20  feet,  and  the  balance  shale. 
Cost,  ^100. 

Vale. — A  flowing  well  at  Vale,  Oreg.,  drilled  near  a  hot  spring:  to 
a  depth  of  140  feet,  as  already  stated,  discharges  a  strong  flow  of 
water  so  long  as  the  casing  is  not  obstructed  by  mineral  matter 
deposited  from  it,  and  has  a  temperature  of  108^°  F.  This  well  may 
be  considered  as  a  developed  hot  spring  and  has  but  little  significa-iiee 
in  reference  to  the  artesian  water  supph'  of  the  basin  in  which  it  is 
located. 

Summary. — The  artesian  wells  near  Guffey,  Central,  and  Enter- 
prise coUectivelj"  present  certain  interesting  facts.  They  are  located 
essentially  on  a  line  extending  northwest  and  southeast  and  measur- 
ing about  Hi  miles.  At  the  west  end  of  the  line  is  the  hot  spring:  at 
Enterprise.  The  depth  of  the  wells  and  their  temperatures  are  as 
follows,  l>eginning  at  Guffey  and  approaching  Enterprise: 
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Depth  and  temperature  of  tvells  at  Ouffey,  Central,  and  Enterjyrise. 


Locality. 


Gnffey-- 

Central 

Do. 

Do 

Do 

Enterprise 

Do- 

Do    .- 

Enterprise  hot  spring. 


Distance 
from  En- 
terprise 

hot 
spring. 


Depth. 


Miles. 


5 


4i 
3f 
Si 
1 

1 

I 

u 


Feet. 
538 

1,033 
940 

1,035 
720 
840 
385 
165 


Tempera- 
ture. 


Degrees  F. 

.      100 

98 

106 

100 

87 

i  90 

87 

'         128 


Temj)era- 
ture  gra- 
dient. 


18.42 

19.66 

18. 54 

17.57 

13.40 

7.83 

8.37 

3.10 


The  t-einperature  gradient,  it  will  be  remembered,  is  obtained  by 
dividing  the  depth  of  a  well  below  the  stratum  of  no  seasonal  varia- 
tion in  temperature,  assumed  as  50  feet,  by  the  number  of  degrees 
the  temperature  of  the  water  discharged  exceeds  the  temperature  of 
the  stratum  of  no  seasonal  variation,  assumed  to  be  50°  F.  The  tem- 
perature gradient,  then,  shows  the  depth  in  feet  for  each  increase  of 
1  degree  in  temperature. 

As  is  indicated  in  the  above  table,  the  temperature  gradient  in  the 
region  considered  increases  in  a  conspicuous  manner  as  the  distance 
from  the  Enterprise  hot  spring  decreases.  An  exceptional  increase, 
however,  is  seen  in  the  case  of  the  last  well  mentioned  in  the  table, 
which,  as  noted  above,  is  near  a  small  tepid  spring,  and  no  doubt  for 
th  is  reason  shows  a  more  rapid  increase  of  temperature  with  depth  than 
any  of  the  others.  Not  considering  the  well  just  referred  to,  the 
temperature  gradient  increases  as  the  Enterprise  hot  spring  is 
approached,  but  the  rate  of  increase  can  not  be  accurately  determined 
from  the  data  available,  since  the  wells  are  not  cased  and  are  not 
supplied  from  the  same  stratum. 

The  facts  just  presented  seem  to  indicate  that  the  porous  l>eds  in 
the  Payette  formation  in  the  vicinity  of  Enterprise  are  supplied  in 
part  at  least  from  the  hot  spring  at  that  place.  A  legitimate  conclu- 
sion seems  to  be  that  the  rocks  beneath  the  Payette  formation  are 
fissured  and  that  hot  water  rising  through  the  fissure  has  charged  the 
porous  beds  above.  Whether  there  is  a  deep  artesian  basin  beneath 
the  Payette  formation  or  not  there  are  no  data  for  judging.  In  gen- 
eral, however,  hot  springs  rise  through  deep  fissures  and  are  probably 
in  most  cases  not  an  indication  of  the  presence  of  a  true  artesian 
basin.  As  has  already  been  stated,  the  Lewis  artesian  basin  was 
formed  b}'^  a  bending  of  the  rocks  after  the  Payette  beds  were  laid 
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down,  and  this  bending  no  doubt  affected  a  great  thickness  of  the 
earth's  crust  below  the  beds  now  forming  the  surface.  For  this  reason 
it  is  i>ossible  that  a  true  artesian  basin  exists,  the  porous  beds  of  which 
are  depressed  in  the  vicinity  of  Snake  River  to  a  depth  of  4,(KX)  or 
5,000  feet. 

In  addition  to  tlie  supply  of  water  reaching  the  Payette  beds  from 
below,  the  shape  of  the  basin  and  the  fact  that  the  beds  composinji 
it  outcrop  in  the  hills  and  mountains  bordering  the  Snake  River 
Plains  on  the  north  and  south  make  it  evident  that  additional  wat^r 
may  reach  the  central  part  of  the  basin  by  descending  from  the 
surface. 

The  most  logical  conclusion  to  be  drawn  from  all  the  evidence  pre- 
sented in  reference  to  the  probability  of  obtaining  water  in  the  Lewis 
artesian  basin  seems  to  be  that  flowing  water  may  be  expected  when 
a  well  is  so  drilled  as  to  penetrate  deeply  or  pass  through  the  Payette 
formation  at  any  locality  within  its  borders  where  the  surface  eleva- 
tion is  less  tljan  2,500  feet.  As  already  stated,  2,500  feet  is  the  mini- 
mum measure  of  the  artesian  head,  as  shown  by  existing  wells,  but 
the  true  artesian  head  may  considerably  exceed  this  amount. 

Tlie  wells  in  Bruneau  Valley,  as  shown  by  an  unsatisfactory  method, 
namely,  aneroid  barometer  measurements,  have  an  altitude  of  2,700 
feet;  and  the  artesian  head  at  Boise  is  about  2,850  feet.  It  is  not  safe 
at  present,  however,  to  accept  any  measurement  of  the  artesian  head 
in  excess  of  2,500  feet,  and  until  more  wells  are  drilled  all  attempts  to 
obtain  flowing  water  should  be  confined  to  localities  below  that  hori- 
zon. It  chances  that  nearly  all  the  good  land  along  Snake  River  and 
in  the  lower  portions  of  Malheur  Valley  and  much  of  that  in  Boise 
Valley  are  below  2,500  feet.  Abundant  localities  for  developing  the 
Lewis  artesian  basin  are  thus  available  and  should  be  tested  befoi-e 
attempts  are  made  to  obtain  artesian  wells  on  the  uplands. 

The  wells  drilled  in  Snake  River  Valley  at  Central,  Enterprise, 
Ontario,  and  other  places  passed  through  soft  strata  and  did  not  show 
tlie  presence  of  beds  of  basalt  or  other  hard  rock  in  the  Payette  for- 
mation. It  is  probable  that  only  soft  beds  will  be  encountered  in 
drilling  to  a  depth  of  about  1,000  or  1,200  feet  in  the  portion  of  Snake 
River  Valley  between  Guffey  and  Weiser,  but  no  positive  assurance 
that  such  will  be  found  to  be  the  case  can  at  present  be  given. 

Afi  may  be  judged  from  the  facts  above  presented  in  reference  to 
the  occurrence  of  hot  springs  near  the  artesian  well  now  flowing,  tlie 
most  favorable  localities  for  drilling  additional  wells  may  be  assumed 
to  be  near  where  warm  or  hot  springs  rise  through  the  Payette  forma- 
tion. A  qualification  of  this  statement  is  suggested,  however,  by  the 
fact  that  the  hot  sx)ring  at  Vale  is  depositing  mineral  matter  in  the 
beds  it  passes  through  in  rising  toward  the  surface,  and  presumably 
in  this  way  forms  for  itself  a  conduit  which  prevents  its  water  from 
spreading  laterally.     This  exceptional  condition  is  also  indicated  by 
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the  exceptionally  high  temperature  of  the  spring  referred  to.  In 
choosing  a  location  for  a  well,  therefoi-e,  it  would  be  best,  at  least 
until  more  facts  are  gathered  in  this  connection,  to  avoid  the  proximity 
of  a  hot  spring  that  is  depositing  calcareous  silica,  tufa,  gypsum, 
etc.  The  most  favorable  locality,  so  far  as  I  can  now  judge,  for  con- 
tinuing the  development  of  the  Lewis  artesian  basin  is  in  the  exten- 
sive flat  in  the  Snake  River  Valley  to  the  north  of  Sands. 

EASTWARD   EXTENSION. 

On  a  preceding  page  it  was  stated  that  the  Lewis  artesian  basin 
begins  on  the  east  near  the  mouth  of  Kinghill  Creek,  that  limit  bciag 
chosen  mainly  for  the  reason  that  but  little  land  suitable  for  irriga- 
tion exists  in  the  canvon  of  Snake  River  above  thelocalitv  mentioned. 
The  upraised  rim  of  the  basin  extends  farther  east,  however,  but 
what  it«  limits  are  is  as  3'et  unknown. 

Ill  my  report  on  the  geology  and  water  resources  of  the  Snake  River 
Plains**  some  facts  concerning  artesian  wells  in  and  about  the  Rock 
Creek  Hills  were  presented.  It  now  seems  not  improbable  that  these 
welLs  are  in  reality  situated  in  the  Lewis  artesian  basin,  and  it  may 
perhaps  be  shown  by  future  investigations  that  the  wonderful  springs 
in  Snake  River  Canyon,  between  Bliss  on  the  west  and  the  neighbor- 
hood of  the  mouth  of  Salmon  River  on  the  east,  may  be  due  to  the  escape 
of  artesian  water  from  the  same  basin.  While  there  are  no  newly 
acquired  facts  to  report  concerning  the  region  just  referred  to,  lying 
south  of  Shoshone  Falls,  the  study  of  the  Lewis  artesian  basin  cer- 
tainly indicates  that  the  probability  of  success  in  case  wells  are  drilled 
there  is  greater  than  seemed  evident  when  the  report  on  the  explora- 
tions was  made  by  me  in  1001. 

OTIS  ARTESIAN  BASIN. 

Otis  Valley  is  situated  on  a  creek  of  the  same  name  in  the  extreme 
northeast  portion  of  Harney  County,  Greg.,  about  6  miles  northeast 
of  Drewsey.  The  valley  has  a  flat  bottom,  measuring  by  estimate  5 
by  G  miles  in  diameter,  and  contains  a  considerable  amount  of  good 
land.  About  1,900  acres  are  now  under  irrigation.  The  valley  is 
underlain  by  sedimentary  beds  consisting  largely  of  white  volcanic 
dust,  presumably  belonging  to  the  Payette  formation.  The  bordering 
uplands  are  composed  in  part  and  perhaps  principally  of  basalt,  but 
the  sedimentary  beds  and  layers  of  volcanic  dust  which  occur  beneath 
the  valley  have  also  been  bent  upward  in  its  elevated  rim.  The  dip 
of  the  beds  about  the  east  side  of  the  valley  is  west  or  toward  its  cen- 
ter at  a  low  angle,  and  on  the  south  side,  as  is  revealed  in  the  hills 
at  Drew^sey,  the  dip  is  northward.  My  examination  was  not  so  com- 
plete as  I  desired,  but  I  think  was  sufficient  to  show  that  the  valley  is 
a  structural  basin,  on  the  west  side  of  which  theie  is  perhaps  a  break 
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or  fault.  The  structure  is  such  as  to  suggest  the  presence  of  an  arte- 
sian basin,  and  in  addition  copious  warm  springs  on  its  east^^rn  side 
show  that  water  under  pressure  exists  below  the  surface.  To  term 
the  region  in  which  Otis  Valley  is  located  an  artesian  basin,  however, 
will  be  justified  only  when  the  presence  of  water  under  sufficient 
pressui^  to  force  it  to  the  surface  is  demonstrated,  but  the  conditions 
observed  seem  to  warrant  a  careful  test  by  drilling.  The  pioneer  well 
should  be  put  down  on  the  east  side  of  the  valley,  a  short  distance  to 
the  west  of  the  warm  springs  referred  to.  The  area  of  the  land  below 
the  level  of  the  artesian  head  suggested  by  the  elevation  at  which  the 
warm  springs  come  to  the  surface  is  about  10  or  15  square  miles. 

HARNEY  ARTESIAN  BASIN. 

The  region  embraced  within  what  is  here  termed  the  Harney  arte- 
sian basin  is  so  great  that  I  could  not  in  the  time  available  examine 
it  with  the  care  it  deserves,  but  I  crossed  it  and  visited  various  com- 
manding summits  so  as  to  see  more  or  less  thoroughly  its  entire  extent. 
The  area  embraced  in  the  outer  rim  of  the  basin  includes  in  a  general 
way  the  region  drained  by  streams  which  during  the  rainy  season  flow 
to  Malheur  and  Harney  lakes,  and  includes  perhaps  two-thirds  of 
Harney  County,  Greg.  The  principal  streams  referred  to  are  Silvies 
River,  which  flows  southward  past  Burns  and  enters  Malheur  Lake 
from  the  north,  and  Donner  and  Blitzen  River,  which  rises  on  Stein 
Mountain,  flows  northward,  and  also  enters  Malheur  Lake.  The  dis- 
tance between  the  sources  of  these  two  streams  is  about  135  miles 
in  a  straight  line.  The  breadth  of  the  outer  rim  of  the  basin  in  an 
eastwest,  diameter  is  somewhat  indefinite,  but  measures  approxi- 
mately 50  miles. 

The  outer  rim  of  the  Harney  artesian  basin  is  sharply  limited  on 
the  southeast  from  near  Andrews  northeast  to  beyond  Juniper  Lake^ 
a  distance  of  50  or  60  miles,  by  the  east  base  of  Stein  Mountain.  Its 
eastern  border  is  in  the  Crow  Creek  Hills,  and  from  these  it  passes 
northward  and  curves  about  the  head  branches  of  Silvies  River,  and 
then,  bending  southward,  passes  to  the  west  of  Silver  Lake,  Iron  Moun- 
tain, and  south  of  Harney  Lake  to  the  source  of  Donner  and  Blitzen 
River.  The  border  is  well  defined,  except  in  the  broad  region,  with 
comparatively  mild  relief  to  the  southwest  of  Silver  and  Harney  lakes, 
where  the  strata  are  in  general  nearly  flat.  The  basin  is  not  a  single 
saucer-shaped  depression,  but  consists  of  at  least  two  troughs  or 
s>Ticlines,  one  in  the  region  drained  by  Silvies  River  and  the  other 
on  the  west  side  of  Stein  Mountain  and  drained  by  Donner  and  Blitzen 
River.  There  are,  besides,  other  folds  and  irregularities  which  it  is 
not  necessary  to  describe  at  this  time. 

The  statements  just  given  indicate  that  the  Harney  artesian  basin 
has  a  structure  such  as  is  favorable  for  the  accumulation  of  water  in 
any  porous  beds  which  may  be  present,  but  before  it  is  decisively 
pronounced  an  artesian  basin  other  evidence  should  be  obtained. 
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SPRINGS. 

There  arc  several  warm  and  hot  springs  iu  the  broad,  generally  flat 
region  about  Malheur  and  Ilarney  lakes,  but  only  a  few  of  these  were 
visited  by  the  writer. 

Burns. — On  the  border  of  Harney  Valley,  beginning  about  3  miles 
southwest  of  Burns,  a  number  of  springs  come  to  the  surface  at  the 
base  of  a  cliff  of  basaltic  agglomerate.  These  have  a  temperature  of 
fi-oni  75°  to  80°  F.  The  surface  elevation  is  about  4:,1()0  feet  by  ane- 
roid, or  the  same  as  the  general  level  of  the  broad,  flat  lands  flooring 
the  valley  to  the  south  of  Harney  and  Burns.  These  springs  are  of 
considerable  volume,  and,  as  I  have  been  informed,  flow  throughout 
the  3'ear  without  sensible  variations  either  in  volume  or  temperature. 
The  water  is  drunk  by  stock,  but  is  not  used  for  irrigation  except  so 
far  as  the  raising  of  wild  hay  is  concerned. 

Litile  Sage  Hen  Valley, — A  number  of  springs  come  to  the  surface 
in  the  flat,  alluvial  lands  forming  the  bottom  of  Little  Sage  Hen  Val- 
ley, and,  spreading  over  the  land,  servo  to  irrigate  extensive  natural 
meadows.     Their  temperature  is  in  general  63°  to  0-4°  F. 

Silver  Lake. — On  the  west  side  of  Silver  Lake,  and  along  Silver 
Creek,  lx>tween  it  and  Harney  Lake,  there  are  several  warm  and  hot 
springs,  flowing  only  during  the  rainy  season,  the  waters  of  which 
serve  to  naturally  irrigate  the  adjacent  lands.  The  valley  of  Silver 
Ci-eek  is  a  broad,  flat,  swampy  meadow,  on  which  great  quantities  of 
wild  hay  are  cut  every  year. 

Harney  Lake, — To  the  southeast  of  Harney  Lake  and  about  one- 
half  mile  from  its  shore,  there  is  a  spring  of  clear,  tasteless  water,  with 
a  temperature  of  from  145°  to  150°  F.  The  volume  is  by  estimate 
about  0  gallons  per  second.  An  attemi)t  to  utilize  the  water  for  irri- 
gation has  been  abandoned.  The  spring  is  situated  near  the  south 
base  of  a  bold  hill,  composed  mainly  of  sandstone,  and  rises  through 
soft,  usually  white,  lacustral  sediments  resembling  the  Payette 
formation.       , 

Malheur  Lake. — In  the  bed  of  Malheur  Lake,  near  its  southern  end, 
and  exposed  in  summer  when  the  lake  is  low,  there  are  small  springs 
with  a  temperature  of  6-1:°  F.  Copious  hot  springs  occur  near  the 
eastern  end  of  the  lake  and  at  a  distance  of  4  or  5  miles  from  the  bold 
bordering  uplands  of  the  valley,  but  these  were  not  visited  by  me. 

Su/ntuary. — All  of  the  springs  enumerated  above  present  the  usual 
characteristics  of  warm  and  hot  springs,  and  furnish  evidence  that 
w^ater  under  pressure  exists  below  the  surface.  They  are  widely^ 
separated,  and  in  all  instances  except,  perhaps,  at  the  locality  near 
Burns,  rise  through  the  soft  beds  which  floor  the  Ilarney  basin.  Their 
high  temperature  in  several  instances  indicates  that  the  water  rises: 
from  a  considerable  depth,  but  not  from  a  depth  greater  than  that  to 
which  the  beds  in  the  basal  portion  of  the  basin  are  depressed.  In 
this  connection  I  may  state  that  the  lacustral  sedimei*  s  exposed 
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beneath  4,500  feet  of  basalt  on  the  west  side  of  Stein  Mountain  dip  west- 
ward at  an  angle  of  3'^  or  4°,  their  inclination  gradually  decreasing, 
however,  with  distance  from  the  outcrop,  and  it  is  reasonable  to  assume 
that  they  pass  under  Harney  Valley  at  a  depth  of  certainly  6,000,  and 
probably  of  10,000  or  more  feet.  Similar  evidence  of  the  great  thick- 
ness of  the  strata  which  are  deformed  so  as  to  make  the  Harney  artesian 
basin  is  furnished  in  the  portion  of  its  upraised  rim  that  fomis  the 
mountains  to  the  west  of  Harney  and  Burns.  Porous  beds  at  any  such 
depth  as  that  just  considered,  however,  are,  for  practical  purposes, 
beyond  the  reach  of  the  drill;  but  as  the  heated  water,  in  several 
Instances,  rises  to  the  surface  througli  the  strata  forming  the  upper 
X>ortion  of  the  great  series  of  rocks  involved  in  the  deformation  of  tlie 
basin,  and  through  sedimentary  deposits  of  later  diite  now  forming 
the  floor  of  Harney  Valley,  there  are  reasons  for  believing  that  the 
porous  beds  near  the  surface  have  been  charged  in  part  with  water 
from  below  and  furnish  artesian  conditions. 

DRILLED    WELLS. 

In  addition  to  the  testimony  furnished  l)y  the  geological  structure 
and  by  springs,  certain  borings  made  near  Harney  and  Burns  favor 
the  hope  that  flowing  water  can  be  had  at  a  moderate  depth  in  Harney 
Valley. 

Harney. — About  5  miles  east  of  Harney,  on  land  belonging  to  Fred 
Haines,  sec.  2,  T.  23  S.,  R.  32^  E.,  a  well  3  inches  in  diameter,  drilled 
in  1896  to  a  depth  of  507  feet,  struck  water  at  a  depth  of  between  200 
and  300  feet,  which  rose  to  the  surface.  The  well  is  not  cased,  and 
the  water  now  stands  G  feet  below  the  surface  and  has  a  temperature 
-of  40°  F.  The  material  passed  through  was  soft  to  a  depth  of  100 
feet,  and  below  that  depth  consisted  of  black  lava,  clay,  etc.,  but  no 
•definite  record  is  available.  This  well  at  first  yielded  a  true  artesian 
flow,  but,  as  nearly  as  can  be  judged,  has  caved  in,  owing  to  lack 
•of  casing,  and  the  water  supply  at  present  is  from  percolation  thixjugh 
porous  beds  near  the  surface.  The  temperature  of  the  water  now 
being  pumped  indicates  that  it  comes  from  about  50  feet  below  the 
surface  and  has  its  ultimate  source  in  the  neighboring  hills.  The 
^ost  of  drilling  the  well  was  $1  per  foot. 

Burns, — A  well  drilled  at  the  expense  of  Harnej'  Countj^  in  1803, 
at  a  locality  about  6  miles  southeast  of  Burns,  in  sec.  13,  T.  23  S., 
R.  31  E.,  was  continued  to  a  depth  of  848  feet.  The  well  at  the  top 
has  a  diameter  of  6  inches,  but  narrows  near  the  bottom  to  4  inches. 
At  the  depth  of  350  feet  water  was  reached  which  rose  and  overflowed 
at  the  surface,  but  after  an  attempt  to  improve  the  well,  made  in  the 
spring  of  1002,  it  ceased  to  flow.  The  water  in  August,  1002,  stood  3 
feet  below  the  surface  and  had  a  temperature  of  40°  F.  The  first  100 
feet  of  material  passed  through  was  sand,  gravel,  and  soft  rock,  and 
at  a  greater  depth  hard  rock  was  penetrated,  but  no  reconl  as  to  its 
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nature,  etc.,  is  av^ailable.  Two  water-bearing  strata  are  said  to  have 
been  reached,  one  at  »150  feet  from  the  top,  and  the  other  at  the  hori- 
zon, where  drilling  was  discontinued,  namely,  840  feet.  The  outflow 
from  the  first  water-bearing  layer  is  .said  to  have  been  small.  The 
well  is  eased  with  iron  tubing,  6  inches  in  diameter,  to  a  depth,  as 
reported,  of  450  feet.  The  cost  to  Harney  County  was  i2,^00,  not 
including  the  casing.  The  drilling  was  done  by  George  W.  Kellogg, 
of  Salt  Lake  City,  Utah.  Work  is  said  to  liave  been  abandoned  on 
account  of  the  loss  of  drilling  tools  in  the  well. 

A  well  drilled  on  land  belonging  to  Thomas  McCormick,  about  5 
miles  southeast  of  Burns,  in  sec.  12,  T.  'M  S.,  R.  24  E.,  completed  in 
1000,  6  inches  in  diameter,  has  a  total  depth  of  08  feet.  The  water 
now  rises  to  within  IG  feet  of  the  surface  and  yielded  100  gallons  per 
hour  by  pumping.  The  material  passed  through  was  soft,  and  water 
is  reported  to  have  been  reached  in  blue  clay.  The  cost  of  drilling 
the  well  was  $S5  and  of  the  casing  S;21. 

Siiinniary. — The  evidence  furnished  by  the  drill  holes  in  Harney 
Valley  is  meager,  but  so  far  as  it  goes  it  favors  the  hope  that  arte- 
sian water  can  be  had  throughout  an  extensive  territory. 

The  well  near  Harney  and  the  county  well  near  Burns  furnished 
flowing  water  and,  I  feel  justified  in  affirming,  would  have  continued 
to  flow  and  to  furnish  a  valuable  water  supply  in  each  case  had  they 
been  properly  cased  and  cared  for. 

The  well  on  Mr.  McCormick's  land  is  too  shallow  to  be  of  signifi- 
cance in  judging  of  the  artesian  conditions  at  the  locality  where  it  is 
situated. 

Nearly  all  the  evidence  I  have  been  able  to  gather  in  reference  to 
the  geological  structure,  the  warm  and  hot  springs,  and  the  results  of 
drilling  certainly  favor  the  conclusion  that  beneath  the  extensive 
plain  east  of  Harney  and  Burns,  on  which  Malheur  and  Harney  lakes 
are  situated,  there  is  an  artesian  basin. 

Conditions  which  may  exert  an  adverse  influence  upon  the  value  of 
the  basin,  so  far  as  flowing  wells  are  concerned,  are  the  low  pass  on 
the  northeast  of  Malheur  Lake,  through  which  the  water  of  that  lake 
formerly  escaped,  and  the  somewhat  indefinite  character  of  the  rim 
of  the  basin  to  the  south  of  Silver  Lake.  In  addition  are  the  *' acci- 
dents" that  may  bo  present  in  any  artesian  basin,  such  as  changes  in 
the  texture  of  the  beds,  the  occurrence  of  breaks  across  the  strata, 
and  the  presence  of  dikes. 

In  reference  to  the  low  pass  which  extends  in  an  easterly  direction 
from  the  flat  country  east  of  Malheur  Lake  through  the  hills  to  Camp 
Creek,  it  is  evidentl}-  the  lowest  place  in  the  rim  of  the  Harney  arte- 
sian basin  and  may  perhaps  determine  the  artesian  head  within  the 
basin,  but  there  are  reasons  for  delaying  a  conclusion  in  this  connec- 
tion. The  channel  referred  to  is  strongly  defined  and  has  a  broad, 
level  floor,  formed  by  a  recent  basaltic  lava  flow.     The  bottom  of  the 
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previously  cut  river  channel  is  thus  concealed  and  is  at  least  20  to  :M\ 
and  perhaps  more,  feet  below  the  present  surface.  The  highest  point 
in  the  pass  or  old  river  bed  (as  shown,  I  have  been  informed,  by  sur- 
veys made  with  the  view  of  drawing  off  the  waters  of  Malheur  I^ake 
for  irrigation  purposes  in  Malheur  Valley)  is  but  20  feet  above  the 
level  of  Malheur  Lake.  Evidently,  then,  the  buried  stream  channel 
beneath  the  lava  is  lower  than  the  broad  vallev  lands  about  Malheur 
and  Harney  lakes  and  cuts  across  any  porous  be<l  that  occupies  the 
entire  extent  of  the  basin.  If  water-charged  porous  beds  were  cut  bj' 
the  channel,  springs  would  he>  expected  to  occur  in  it.  No  springs 
are  present,  however,  and  it  is  possible  that  the  silting  over  of  the 
porous  beds  and  the  burial  of  the  silt  beneath  lava  has  sealed  them, 
so  as  to  prevent  the  escape  of  water  from  them..  While  this  is  not 
such  an  indefinite  hypothesis  as  it  may  at  first  seem,  it  does  not  remove 
all  anxiety  in  reference  to  the  influence  of  the  old  river  channel 
referred  to  on  the  artesian  conditions  in  Harney  Valley.  The  ques- 
tion here  raised  can  not  be  answered  by  the  facts  now  known;  neither 
can  a  positive  opinion  be  expressed  in  reference  to  the  position  of  the 
rocks  to  the  southwest  of  Silver  Lake,  but  my  judgment  is  that  neither 
of  these  possibly  adverse  conditions  is  of  sufficient  weight  to  discour- 
age the  drilling  of  test  wells  in  Harney  Valley. 

From  the  elevations  of  the  several  localities  at  which  warm  and  hot 
springs  issue  and  of  the  surface  of  the  two  wells  refeiTcd  to  above, 
the  artesian  head  may  be  assumed  to  he  at  such  an  elevation  that 
wells  below  the  level  of  llarney  or  Burns  would  furnish  a  surface 
flow  of  water.  The  area  of  the  basin  below  the  horizon  stated,  can 
not  be  accurately  told  at  present,  but  embraces  practically  all  the 
level  land  in  Harney  Valley  about  Malheur  and  Harney  lakes  and 
probably  also  the  flat  lands  in  the  valley  of  Silver  Creek  and  about 
Silver  Lake.  Extensive  tracts  of  rich  land  in  the  region  drained  by 
Donner  and  Blitzen  River  are  also  within  the  area  in  wliicli  artesian 
water  may  reasonably  be  expected  if  drill  holes  properly  cased  are 
put  down.  A  rough  estimate  based  on  the  general  map  of  Oregon, 
issued  by  the  United  States  Land  Office,  indicates  that  the  area 
within  which  artesian  water  may  be  expected  is  in  the  neighborhood 
of  1,000  square  miles,  but  this  includes  Malheur  and  Harney  lakes 
and  the  swamps  bordering  them. 

To  test  the  artesian  conditions  in  the  llarney  basin,  wells  may  be 
put  down  at  any  locality  below  the  level  of  Burns  or  Harney.  Per- 
haps the  most  favorable  situations  are  near  the  warm  and  hot  springs 
referred  to,  and  at  such  places  wells  should  be  drilled  on  the  side  of 
the  spring  chosen,  which  is  in  the  direction  of  the  center  of  the  basin 
or,  in  general,  toward  Malheur  or  Harney  Lake.  The  depth  to  which 
wells  should  be  drilled  must  be  determined  by  experiment,  as  suffi- 
cient information  is  not  in  hand  in  reference  to  the  sections  expos<^<l 
in  the  rim  of  the  basin  to  warrant  a  judgment  in  this  connection. 
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The  successful  well  near  Harney  and  Burns,  however,  suggests  that 
favorable  results  may  be  expected  anywhere  in  the  basin  below  their 
surface  elevation,  at  a  depth  of  less  than  a  thousand  feet  and  possi- 
bly at  a  depth  of  only  a  few  hundred  feet.  The  possibilities  of  the 
ba^in,  however,  will  not  be  exhausted  when  the  drill  has  reached  a 
dei)th  of  even  1,000  feet  or,  indeed,  at  a  depth  of  5  or  10  times  that- 
measure. 

lu  the  development  of  the  basin  an  effort  should  Ix?  made  to  dis- 
co ver  fill  of  the  water-bearing  beds  that  are  present  within  a  reasonable 
distance  below  the  surface,  and  in  case  several  wells  are  drilled  near 
each  other,  they  should,  so  far  as  practicable,  derive  their  water  sup- 
I>ly  from  different  strata. 

WHITEHORSE  ARTESIAN  BASIN. 

Stein  Mountain,  as  already  stated,  is  tlie  western  slope  of  a  gi'eat 
anticline.     The  central  part  of  the  upward  fold  referred  to  has  been 
deej>ly  eroded,  and  where  faults  occur,  a  subsidence  has  taken  place. 
The  position  of  the  central  and  now  deeply  eroded  portion  of  this  great 
fold  is  occupied  by  Alvord  Desert  and  the  sharp-crested  ridges  run- 
ning northeast  from  it.     To  the  east  of  the  Stein  Mountain  anticline 
or  upward  fold  there  is  a  flat- bottomed  syncline  or  downward  fold,  in 
which  Whitehorse  Valley  is  situated.     The  rocks  beneath  this  valley 
are  bent  into  basin  shape  and  the  rim  of  the  basin  is  high  on  all 
sides  except  the  one  adjacent  to  Alvord  Valley.     The  rocks  which 
have  been  bent  so  as  to  form  a  basin  consist  of  reddish  and  brownish 
rhyolitic   tuff  in  which  angular  fragments  are  conspicuous,   black 
basalt,  and  light-colored  and  usually  nearly  white  lacustral  sediments 
and  sheets  of  volcanic  dust,  resembling  those  characteristic  of  the 
Payette  formation.     The  thickness  of  the  beds  exposed  in  the  upraised 
rim  of  the  basin — as,  for  example,  in  the  mountains  between  White- 
horse  Valley  and  Oregon  Canyon,  the  next  valley  to  the  east — is  sev- 
eral thousand  feet.     The  bold  bluffs  on  the  west  side  of  Oregon  Can- 
yon (which  in  the  part  here  referred  to  is  a  broad  valley  with  several 
ranches  in  its  bottom)  are  formed  of  the  edges  of  the  sheets  of  rock,, 
mostly  basalt,  which  dip  west  and  pass  under  Whitehoi-se  Valley. 
Several  springs  issuing  from  the  bluffs,  well  above  their  base,  indicate 
that  certain  of  the  beds  are  water  charged.     These  springs  may  rea- 
sonably' be  supposed  to  be  the  leakage  from  the  basin  to  the  west  and 
suggest  an  abundant  store  of  water  beneath  Whitehorse  Valle}'. 

In  the  southern  part  of  Whitehorse  Valley,  about  G  miles  south  of 
the  site  of  the  former  military  post  and  at  an  elevation  of  fuUj^  150 
feet  above  the  general  level  of  the  floor  of  the  valley,  there  are  springs 
with  a  temperature  of  about  100°  F.,  which  rise  through  soft  white 
lake  beds.  In  the  northern  part  of  the  valley,  about  10  miles  north 
of  the  site  of  the  former  military  post,  as  I  have  been  informed,  there 
is  another  warm  or  hot  spring. 
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Tlio  facts  statLMi  above  are  such  as  to  warrant  a  careful  test  of  the 
artesian  conditions  in  Whitehorse  Vallej'.  A  boring  should  be  made 
near  the  warm  springs  in  the  south  end  of  the  basin,  a  few  rods  north 
of  the  localities  where  their  water  now  reaches  the  surface.  A  boring 
at  Whitehorse  ranch  (the  former  military  post)  wouhl  probably  yield 
flowing  water,  but  the  chances  are  nearly  equally  favorable  all  alonj? 
the  eastern  side  of  the  flat  lands,  which  extend  northward  from  the 
ranch  for  10  or  more  miles.  The  area  of  good  land  within  Whitehoi-se 
Valley,  where  it  is  reasonable  to  expect  that  flowinsr  water  can  Ix* 
obtained,  is  by  a  rough  (estimate  not  less  than  30  square  miles. 

In  the  structure  of  the  Whitehorse  artesian  basin  there  is  out*  con- 
dition wliicli  may  be  detrimental  to  the  occurrence  of  water  in  it  nnder 
pressure,  namely,  the  lowness  of  the  rim  of  the  basin  on  the  west  side 
in  tlie  vicinity  of  Sand  Gap.  The  eroded  borders  of  the  beds  t^merg- 
ing  from  beneath  Whitehorse  Valle}'  there  form  a  line  of  westward- 
facing  blufl's,  which  define  the  east  border  of  Alvord  Desert.  For  the 
reason  that  there  are  no  springs  along  the  base  of  these  bluffs,  how- 
ever, and  for  other  reasons,  tlie  lowness  of  the  rim  of  the  basin  nee<l 
not  be  considered  sufficiently  important  to  deter  the  testing  of  the 
artesian  conditions  witliin  it. 

AIITKSIAX  WELLS  IX  ALTjUVIAL  DEPOSITS. 

In  regions  like  southern  Idaho  and  eastern  Oregon,  which  have  an 
arid  (•limate,  and  where  bold  mountains  are  bordered  by  wMde  valleys, 
the  streams  from  the  uplands  deposit  much  and  in  many  instances  all 
of  the  sand,  gravel,  etc.,  which  they  bring  down  from  the  high-grade 
upper  j)ortions  of  their  courses  on  the  border  of  the  valley  which 
they  enter.  In  tliis  way  alluvial  cones  or  fans  are  built  about  the 
mouth  of  gorges  where  they  open  out  onto  a  plain.  These  alluvial 
cones  are  not  infrequently  several  miles  in  radius  at  the  base  and  sev- 
eral hundred  or  perhaps  2,000  or  3,000  feet  high.  The  apex  of  each, 
cone  is  at  the  mouth  of  or  some  distance  within  the  gorge  from  which 
the  debris  of  which  it  is  composed  was  derived,  and  from  which  a 
stream  usually  flows,  at  least  during  a  part  of  each  year.  These  beds 
of  debris  are  thus  in  a  position  to  become  water  charged,  and  their 
structure  is  such  that  pervious  beds  may  be  confined  between  imj^er- 
vious  beds.  Large  alluvial  cones  may  thus  furnish  conditions  for  the 
storage  of  water  under  pressure,  and  especially  on  the  outer  portion 
may  yield  flowing  water  if  drill  holes  are  put  down. 

Alluvial  cones  are  sometimes  greatly  extended  and  have  low  sur- 
face slope,  and  in  fact  mei-ge  by  insensible  gradations  into  the  flmxl 
plains  of  streams.  This  is  frequently  the  case  in  arid  regions,  wliere 
the  valleys  are  in  many  instances  d(H^ply  filled  with  alluvium.  Valleys 
wiien  thus  partially  filled  have  broad,  flat  bottoms,  with  a  perceptible 
gradient  or  surface  slope  down  their  courses.  In  such  instances  the 
surface  material  is  usually  fine,  but  becomes  coarse  at  a  depth  of  a 
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few  feet  or  a  few  score  feet  below  the  surface,  and  as  the  beds  are  gently 
inclined  the  coarse  beds  at  a  depth  may  be  charged  with  water  under 
pressure.  If  flowing  water  is  obtained  by  drilling  in  alluvial  cones 
or  flood-plain  deposits  it  is  normally  cold,  for  the  reason  that  it  has 
not  descended  into  the  earth  far  enough  to  be  influenced  by  the  inte- 
rior temperature  of  the  earth.  The  water  is  similar  to  that  supplied 
by  hillside  springs,  and  in  Idaho  and  Oregon  would  have  a  tempera- 
ture of  about  50""  F. 

There  are  a  few  localities  in  the  region  examined  by  me  in  Idaho  and 
Oregon  where  the  conditions  warrant  the  drilling  of  shallow  wells  in 
alluvial  cones  on  flood  plains.  Some  of  these  located  in  Idaho  are 
mentioned  in  Bulletin  11)0,  already  referred  to.  In  Oregon  tests  of  the 
nature  referred  to  should  be  made  in  Willow  Creek  Valley,  to  the 
northwest  of  Vale,  and  in  neighboring  flat-bottomed  valleys  which 
have  a  perceptible  downstream  slope. 

The  alluvial  cones  on  the  east  side  of  Stein  Movuitain,  at  the  mouths 
of  gulches  down  which  streams  flow,  should  also  l>e  tested  with  the 
drill.  The  most  promising  localities  for  such  tests  are  from  the  outer 
margin  of  a  cone  to  midway  up  its  slope.  When  tlie  cones  are  steep, 
however,  the  chance  of  water  being  stored  in  them  under  pressure 
decreases  rapidly  as  their  summit  portions  are  approached.  The  test 
referred  to  should  be  carried  down  to  at  least  the  level  of  the  flat 
lauds  in  the  adjacent  valley  unless  favorable  results  are  sooner 
reached. 

SIZG  OF  DRIIili  HOIiKS,  THE  CASING  OF  WEI^LS,  ETC. 

In  the  development  of  the  artesian  conditions  of  the  Lewis  artesian 
basin,  as  experience  has  already  shown,  light,  portable  drilling  rigs 
will  probably  be  all  that  are  required,  since  the  beds  to  be  penetrated 
are  soft.  In  the  other  artesian  basins  named,  however,  it  seems  highly 
desirable  that  only  the  most  efficient  of  drilling  machinery  should  be 
employed,  as  hard  rocks  will  have  to  be  penetrated  in  probably  all 
wells  that  are  more  than  a  very  few  hundred  feet  deep.  An  extensive 
experience  in  drilling  wells  in  the  oil  fields  of  the  United  States  has 
shown  that  the  best  outfit  for  use  in  the  artesian  basins  of  Oregon  is 
the  square  derrick  walking-beam  rig,  provided  with  the  best  tools 
that  can  be  procured.  It  is  perhaps  needless  to  add  that  only  well 
drillers  of  wide  experience  and  known  integrity  should  be  employed. 

The  wells  to  be  put  down  should,  in  my  opinion,  be  8  inches  in  diam- 
eter, or  drills  of  this  size  should  be  use  to  as  great  a  depth  as  possible 
before  tapering  the  hole  to  any  smaller  size. 

In  all  insUinces  the  wells  drilled  should  be  well  caned  with  iron  casing. 
Neglect  in  this  particular  has  led  to  failures  in  many  instances  in 
both  Idaho  and  Oregon  where  success,  as  there  are  reasons  for 
believing,  w^ould  have  been  attained  if  proper  casing  had  been  put  in. 
For  the  sake  of  emphasizing  the  statement  just  made,  it  may  be  truth- 
fully said  that  water  should  not  be  expected  to  rise  in  a  hole  drilled 
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through  rocks  of  various  descriptions,  many  of  them,  as  is  usually 
tlie  case,  being  porous,  anj'  more  than  it  should  he  expected  to  remain 
in  a  standpipe  full  of  holes  rising  above  the  surface  of  the  groiinti. 
The  water  in  an  artesian  well  is  under  pressure — frequently  ^reat 
pressure — and  tends  to  flow  laterally'  wherever  the  rocks  are  pori>iis  or 
fissured.  More  than  this,  the  walls  of  an  irticased  well  are  apt  to  cave 
And  thus  rt-nder  useless  all  the  work  that  has  been  exjKMided  on  it. 

In  drilling  a  well  th(*  pressure  of  the  water  at  each  horizon  whei'o  il 
is  encountered  should  be  carefully  tested.  One  way  of  doinjr  this  is 
to  lower  a  tube  into  the  well,  such,  for  example,  as  a  three-fourths-iiidi 
iron  pipe,  with  a  leather  bag  filled  with  flaxseed  encircling  it  near 
the  lower  end.  The  pipe  should  Ix?  lowered  until  its  end  is  just  al>ove 
the  place  where  water  was  struck.  In  such  an  experiment  the  flax- 
seed will  swell  and  expand  the  bag  (containing  it  so  as  to  shut  off  the 
escape  of  water  about  the  outside  of  the  pipe  and  allow  it  to  rise 
within  it.  If  the  water  overflows  at  the  surface  of  the  groiin*!  it 
-demonstrates,  of  course,  that  an  artesian  flow  has  been  secuw^l,  and 
if  the  pipe  is  continued  upward  the  height  to  which  the  water  rises 
within  it  will  show  the  artesian  head.  Other  suggestions  in  this  con- 
nection may  be  found  in  a  paper  by  Chamberlin,  an<l  in  a  report  on 
Nez  Perce  County,  No.  'I  and  No.  21,  respectively,  of  the  list  at  the 
•end  of  this  report. 

Wells  should  be  located  as  far  apart  as  practicable,  and  when  two 
or  more  water-bearing  beds  are  present  neighboring  wells  should  have 
different  depths,  so  as  to  draw  their  water  supply  from  different 
sources.  Th0  distribution  of  wells  in  reference  to  the  direction  of 
flow  of  the  underground  water  is  also  important.  Obviously,  if  there 
is  to  be  a  series  of  wells,  more  or  less  in  line,  their  alignment  should 
be  at  right  angles  to  the  direction  of  underground  flow,  so  as  to 
■decrease  to  a  minimum  the  influence  that  one  well  exerts  on  its 
neighbor.  Information  in  this  connection  is  contained  in  the  pajier 
by  Chamberlin,  No.  3  of  the  list  at  the  end  of  this  report. 

PRKSKRVATION   OF  WVAAj  IlKCORDS. 

If  wells  are  drilled  in  the  artesian  basins  described  in  this  report  a 
•careful  record  of  all  facts  c(mceming  them  should  be  preserved.  Tliis 
is  a  matter  of  great  inportance  to  all  the  people  interested  in  the 
•development  of  the  artesian  basins,  and  may  lead  to  a  great  saving  of 
money  in  other  directions.  As  a  practical  method  of  obtaining  and 
preserving  information  referred  to,  I  wish  to  suggest  that  it  be  made 
the  official  duty  of  the  county  clerk  in  every  countj^  where  drill  holes 
are  put  down  for  any  purj^ose  to  obtain  and  preserve  a  record  of  the 
facts  relating  to  them.  To  assist  in  doing  this  a  schedule  is  here 
inserted  which  can  be  printed,  and  which,  after  being  filled  in  with 
the  data  required,  should  be  filed  at  the  county  clerk's  office  for  future 
reference.  The  schedule  referred  to  is  as  follows  (for  greater  conve- 
nience each  item  should  be  given  a  s<^parate  line): 
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WELL  RECORD. 

ft 

County, :  State, . 

Connty  clerk, .     No. .     Date. .  190-. 

OwTier  of  well, .    Driller  of  well, .    Post-office  address, 

Location  of  well:  Township  ,  range ,  sec.  .     When 


<'oinpleted. .    How  put  down:  Dug,  driven,  bored,  drilled. .    Size 

or  diameter, .     Depth:  Total, feet;  to  water, feet:  depth  of  water, 

feet.     Did  water  rise  when  struck? .     Does  water  flow  over  surface? 

.     Height  to  which  the  water  will  rise  in  an  open  tube, .     Has  the 

flow  diminished  or  increased? .     Quality  of  water:  Hard,  soft,  salty,  alka- 
line,   ,     Temperature  of  the  water, .     How  is  water  raised?  . 

Cost  of  well,  $ .    Cost  of  mill  and  pump,  $ .    Is  the  well  cased? .    Cost 

of  casing, .     Amount  pumped  or  flow  per  hour  or  day, .     Water  used 

for .     Elevation  of  surface, feet. 

Strata  ^lassed  through  and  remarks: . 

TjAAVS. 

As  the  water  siipplj^  in  an  artesian  basin  may  become  of  importance 
to  a  large  number  of  citizens,  it  is  obvious  that  laws  governing  its  use 
are  as  necessary  as  the  laws  relating  to  surface  watei-s,  but,  so  far  as  I 
am  aware,  only  one  attempt  to  place  legal  restrictions  on  the  utiliza- 
tion, or  rather  on  the  waste,  of  subsurface  waters  has  been  made  in  this 
eountry,"  and  that  act  fails  in  two  particulars  to  meet  the  require- 
ments outlined  above— the  proper  casing  of  wells  is  not  made  obliga- 
tor^',  and  tlie  filling  of  abandoned  wells  ?s  not  provided  for.  Each  of 
these  regulations  is  highlj^  important. 

The  i>rincipal  restrictions  and  conditions  which  it  is  desirable  should 
be  established  and  enforced  by  law  are  as  follows: 

1.  Every  (Jrill  hole  in  an  (iriesian  basin  should  he  properly  cased. — 
By  this  is  meant  that  an  iron  casing  or  tube  lining  the  hole  and  made 
sufficiently  tight  to  prevent  water  from  rising  outside  of  it  should  be 
put  in  every  well  which  remains  open.  The  lower  end  of  the  casing 
should  be  just  above  the  water-bearing  stratum. 


n  The  following  law  providing  for  the  conaervation  of  art^^ian  water  ha«  l>een  passed  by  the 
legislatnro  of  the  State  of  Washington: 

Chapter  CXXI. 

(H.  B.  No.  208.) 

RELATING  TO  ARTESIAN  WELLS. 

AN  ACT  in  relation  to  artesian  wells  and  regulating  the  flow  of  water  therefrom,  and  provid- 
ing a  penalty  for  the  violation  thereof. 

Be  it  enacted  by  the  legislature  of  the  State  of  Washington: 

Sbction  1.  It  shall  be  unlawful  for  any  person,  Arm,  corporation,  or  company  having  posses- 
sion or  control  of  any  artesian  welLs  within  the  State,  whether  as  contractor,  owner,  lessee, 
agent,  or  manager,  to  allow  or  permit  water  to  flow  or  escape  from  such  well  between  the  first 
day  of  October  in  any  year  and  the  first  day  of  April  next  ensuing:  Provided,  That  this  act  shall 
only  apply  to  sections  and  communities  wherein  the  use  of  water  for  the  purpose  of  iriigation 
is  noceesary  or  customary,  and  providing  fui*ther,  that  nothing  herein  contained  shall  pre- 
vent or  prohibit  the  use  of  water  from  any  such  well  between  said  first  day  of  October  and  the 
first  day  of  April  next  ensuing  for  household,  stock,  and  domestic  purposes  only,  water  for  said 
lastr-named  pnnx)se9  to  be  taken  from  such  wells  through  a  one-half  inch  stop  and  waste  cock 
to  be  inserted  in  the  piping  of  such  well  for  that  purpose. 

Skc.  2.  It  shall  be  the  duty  of  every  person,  firm,  corjxiration,  or  company  having  possession 
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Tlie  reason  why  the  owner  of  a  well  should  be  required  by  law  to 
properly  case  it,  as  already  explained  in  reference  to  the  personal 
interest  of  the  owner  himself,  is  that  lateral  escape  of  the  water  may 
be  prevented.  The  escape  of  water  from  an  ai*tesian  basin  iu  excess  of 
the  natural  overflow  means  a  decrease  in  pressure  on  the  portions 
remaining,  and  consequently  a  lowering  of  the  artesian  head.  In  arid 
regions  especially  the  sources  of  supply  of  an  artesian  basin  may  be 
small,  and  the  question  of  economically  using  the  water  it  contains 
and  of  maintaining  the  artesian  head  are  matters  of  public  concern. 

2.  Every  artesian  well  wlien  not  in  use  sJtoidd  he  securely  closed, — 
The  reason  why  a  law  to  this  effect  should  be  enacted  and  enforced 
is  that  an  artesian  basin  is  not  an  inexhaustible  reservoir,  and  every 
practicable  means  should  be  employed  for  its  conservation  and  legiti- 
mate use.  The  closing  of  an  artesian  well  when  its  water  is  not 
being  used  would  in  many  and  perhaps  most  instances  be  an  advan- 
tage to  its  owner  as  well  as  to  his  neighboi-s,  not  only  for  the  reason 
that  his  water  supply  would  be  made  more  permanent,  but  because 
water  flowing  over  land  in  excess  of  the  amount  required  for  scientific 
irrigation  is  injurious. 

There  are  exceptional  cases  in  which  it  is  not  desirable  that  an  arte- 
sian well  should  be  closed  at  any  time,  as,  for  example,  when  a  well  is 
no  more  than  a  developed  spring,  or  derives  its  water  from  what  is 
known  as  an  artesian  slopo,^  but  as  such  wells  will  probably  be  f  ew^ 
in  number  in  the  artesian  basins  described  in  this  report,  special 
legislation  in  reference  to  them  is  perhaps  not  desirable. 

or  control  of  any  artesian  well,  as  provided  in  section  1  of  this  act,  to  securely  cap  the  same  over 
on  or  before  the  first  day  of  October  in  each  and  every  year  in  such  manner  as  to  prevent  the 
flow  or  escape  of  water  therefrom,  and  to  keep  the  same  securely  capped  and  prevent  the  flow 
or  escape  of  water  therefrom  until  the  first  day  of  April  next  ensiling::  Provided^  hoicever.  It 
shall  and  may  be  lawful  for  any  such  person,  firm,  corporation,  or  company  to  insert  a  one^half 
inch  stop  and  waste  cock  in  the  p'ping  of  such  well,  and  to  take  and  use  water  therefrom 
through  such  stop  and  waste  cock  at  any  time  for  household,  stock,  or  domestic  pnrpoBes,  but 
not  otherwise. 

Sec.  3.  Any  person,  whether  as  owner,  lessee,  agent,  or  manager,  having  possession  or  control 
of  any  such  well,  violating  the  provisions  of  this  act  shall  be  deemed  guilty  of  a  misdemeaDor, 
and  upon  conviction  thereof  shall  be  fined  in  any  sum  not  exceeding  two  hundred  doUars  for 
each  and  every  such  offense,  and  the  further  sum  of  two  hundred  dollars  for  each  ten  days  dur- 
ing which  such  violation  shall  continue. 

Se(\  4.  Whenever  any  person,  firm,  corporation,  or  company  in  possession  or  control  of  an 
artesian  well  shall  fail  to  comply  with  the  provisions  of  this  act,  any  person,  fii-m,  corpora- 
tion, or  company  lawfully  in  the  possession  of  land  situate  adjacent  to  or  in  the  vicinity  or 
neighborhood  of  such  well  and  within  five  miles  thereof  may  enter  upon  the  land  upon  which 
such  well  is  situate,  and  take  possession  of  such  well  from  which  water  is  allowed  to  flow  or 
escape  in  violation  of  the  provisions  of  section  1  of  this  act,  and  cap  such  well  and  shut  in  and 
secure  the  flow  or  escape  of  water  thei-ef  rom,  and  the  necessary  expenses  incurred  in  so  doing 
sliall  constitute  a  lien  upon  said  well,  and  a  sufficient  quantity  of  land  surrounding  the  same  for 
the  convenient  use  and  operation  thereof,  which  lien  may  ba  foreclosed  in  a  civil  action  in  any 
court  of  comi>eteut  jurisdiction,  and  the  court  in  any  such  case  shall  allow  the  plaintiff  a  rwu«on- 
able  attorney's  fee  to  be  taxetl  as  a  jiart  of  the  cost.  This  shall  be  in  addition  to  the  penalty  pro- 
vided for  in  section  3  of  this  act. 

Passed  the  house  IVIarch  7,  li>01. 

Passed  the  senate  March  14, 1901. 

Appi*oved  by  the  governor  March  16, 1901. 

a  The  nature  of  an  artesian  slope  is  explained  in  the  reix)rt  numbered  21  iu  the  list  at  the  end 
of  this  paper,  page  112. 
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3.  Every  abandoned  drill  hole  in  an  artesian  basin  should  be  com- 
pletely  jQled  with  impervious  material, — A  desirable  way  in  which  to 
do  this  is  to  fill  the  hole  slowly  with  moist  clay  and  ram  it  down  with 
a  heavy,  blunt  tool,  or  fill  the  hole  with  Portland  cement  concrete. 
Tightly  fitting  rods  of  dry  wood  driven  into  a  drill  hole  until  it  is 
filled  would  serve  the  same  purpose. 

Abandoned  wells  should  be  filled  in  the  manner  suggested  in  order 
that  leakage  may  be  prevented.  Wells  in  which  water  rises  some 
distance  toward  the  surface  but  does  not  overflow  are  frequently 
abandoned,  the  casing,  if  any  was  used,  having  first  been  drawn,  and 
in  such  instances  a  continuous  escape  of  water  occurs  into  cracks, 
I>oron8  beds,  etc.,  about  the  hole. 

The  three  rules  briefly  stated  above  should  be  embodied  in  the  laws 
of  every  State  in  which  artesian  basins  occur  and  their  observance 
should  be  rigorously  enforced. 

For  the  proper  development  of  an  artesian  basin  it  is  evident  that 
there  should  be  but  one  center  of  responsibility.  A  desirable  method 
of  securing  this  end  would  be  to  place  the  entire  control  of  the  arte- 
sian wells  in  each  State  in  the  hands  of  a  Sta,te  engineer,  whose  duty 
it  should  be  to  determine  where  wells  may  be  drilled,  the  depth  to 
which  they  may  be  carried,  and  methods  for  caring  for  the  water  sup- 
ply, closing  abandoned  drill  holes,  etc. 

While  the  aim  of  this  preliminary  report  is  to  stimulate  and  direct 
the  search  for  artesian  water  in  the  region  that  has  been  considered, 
I  do  not  wish  to  be  understood  as  saying  that  all  of  the  2,000  or  more 
square  miles  of  rich  lands  contained  in  the  four  basins  described  can 
be  irrigated  by  means  of  artesian  water.  The  facts  are  plainly  such 
as  to  warrant  the  careful  testing  of  the  artesian  x>ossibilities,  but 
owing  to  local  conditions,  which  are  at  present  unknown,  many  dif- 
ficulties will  no  doubt  be  encountered  and  numerous  failures  may 
occur,  and  even  when  all  the  wells  which  the  water  supply  will  justify 
have  been  put  down  in  any  one  of  the  basins  referred  to  there  will 
no  doubt  remain  extensive  areas  that  can  not  be  irrigated.  While 
good  results  may  reasonably  be  expected  from  the  judicious  develop- 
ment of  the  artesian  basins,  all  the  benefits  that  might  be  derived  in 
that  way  wiU  be  rendered  negative  unless  the  suggestions  given  above 
in  reference  to  the  conservation  of  the  water  supply  are  strictly 
observed.  I  may  perhaps  add  as  a  warning  that  the  wanton  destruc- 
tion of  the  forests  in  this  country  and  the  now  almost  complete  ruin 
of  the  public  grazing  lands  throughout  the  arid  regions  leave  but  lit- 
tle hope  that  man's  greed  will  be  so  far  restricted  in  the  case  of  arte- 
sian basins  that  ultimate  failures  will  be  avoided. 
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Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  II,  pp.  535-588. 
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to  85. 
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Department  of  the  Interior, 
TTnited  States  Geological  Survey, 

IIydrooraphic  Branch, 
Washingifm,  D.  (7.,  Xorernber  JS,  1902. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
"Normal  and  polluted  waters  in  Northeastern  United  States,"  pre- 
pared hy  Marshall  O.  Leighton,  resident  hydrographer,  United  States 
CTeolo^ieal  Survey,  and  to  request  that  it  he  published  as  one  of  the 
scries  of  Water-Supply  and  Irrigation  Papers. 

This  paper  is  principally  a  review  of  Iho  more  readily  available 
records,  published  and  unpublished,  of  examinations  made  of  water 
supplies  derived  from  streams  in  the  northeastern  i)art  of  the  United 
States,  the  principal  streams  examined  being  the  Merrimac,  Connecti- 
cut, Ilousiitonic,  Delaware,  and  Ohio  rivers,  and  the  various  impor- 
tant branches  of  the  latter  in  the  States  of  Pennsylvania  and  Ohio. 
It  is,  in  effect,  an  account  of  the  important  work  done  in  river  exam- 
ination up  to  the  present  date,  a  few  unfinished  inquiries  now  in 
proj^ress  lx»ing  omitted. 

The  introduction  treats  of  tlie  ('haract^eristics  of  normal  and  polluted 
waters  in  general  and  seeks  to  exj)Uiin,  in  language  intelligible  to 
those  not  versed  in  chemistry,  the  meaning  and  importance  of  the 
various  detemdnations  made  in  an  ordinary  water  analysis.  In  dealing 
with  th(^  various  rivers  which  have  been  subjected  to  examination, 
wherever  the  courts  have  been  invoked  to  pass  upon  the  legality  of 
any  existing  state  of  pollution,  or  tx>  adjust  damages  occasioned  thereby, 
the  cases  are  cited  and  j)ertinent  excerpts  are  given  from  the  decisions. 

This  i)aper  forms  one  of  a  series  of  reports  on  examinations  made 

as  U>  the  character  of  the  natural  waters  of  the  United  States  and  the 

X)eciiniary  damage  to  municipal  water  supply  occasioned  by  city  and 

industrial  wastes.     It  is  expected  that  examinations  of  like  nature 

will   be  undertaken  by  the  Survey  in  cooperation  with  the  various 

universities  and  State  laboratories  in  the  country,  the  character  of 

the  work  differing  ac(*ording  to  the  conditions  and  demands  in  each 

case. 

Very  respectfully, 

F.  II.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Direcior  United  States  Geological  Siirverj, 

Washington,  J).  C. 
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NORMAL  AND  POLLUTED  WATERS  IN  NORTH- 
EASTERN UNITED  STATES. 


By  M.  O.  Letghton. 


INTRODUCTION. 

In  ortier  to  proi>erly  determine  the  water  resources  of  a  country, 
and  to  define  the  limitations  of  use  which  apply  to  various  rivers,  it 
becomes  necessary  to  know  the  character  of  the  water  in  each  case. 
Water  is  a  source  of  wealth  by  reason  of  the  uses  to  which  it  may  he 
put,  and  these  are  dependent  to  a  large  extent  upon  the  nature  of 
the  water.  It  follows,  then,  that  for  each  branch  of  water  utilization 
there  is  established  a  standard  to  which  water  must  reasonably  con- 
form, in  order  that  it  may  properly  fulfill  the  re<iuirements  of  the 
particular  case. 

By  reason  of  their  physical  features  and  their  artificial  develop- 
ment, different  rivers  may  possess  characteristics  which  make  them 
very  different  in  their  form  or  kind  of  utility.  Sewage  pollution  may 
destroy  every  resource  of  one  river,  yet  may  not  sensibly  affect  the 
value  of  another.  One  stream  may  be  highly  useful  as  a  source  of 
power;  another  may  be  best  utilized  primarily  as  a  commercial  high- 
way; still  another  may  serve  as  a  source  of  water  Hui)ply.  There  are 
waters  which  are  more  valuable  as  a  disposal  area  for  manufac^turing 
refuse  than  they  would  be  if  maintained  unpolluted  as  fishing  gwunds 
or  ice  fields.  Therefore  a  thorough  hydrographic  investigation  should 
serve  to  indicate  the  peculiar  uses  to  which  a  stream  is  l^est  appli- 
cable, and  by  it  wo  should  be  able  to  determine  th»^  normal  resource 
in  each  case  and  the  damage  done  by  unwise  or  unlawful  procedure. 
Of  especial  importance  is  the  fact  that  the  utilization  of  a  river  in 
one  State  may  be  so  damaging  to  its  purity  that  the  people  of  another 
State  through  which  the  same  river  fiows  may  be  totally  deprived  of 
its  use,  and,  under  present  conditions,  with  little  if  any  oi)i)ortunity 
for  redress. 

Let  us  glance  briefly  at  the  cliaracteristics  that  are  demanded  of 
waters  required  for  different  uses. 

ESSENTIAL  QUALITIES  OF  V\^ATER  FOR  VARIOUS  USES. 

Commercial  highways. — The  character  of  a  water  lias  nothing  to 
do  with  its  use  as  a  moans  of  transportation.     For  this  purpose  it  is 
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only  neeessarv  tluit  it  shall  be  sufficient  in  amount  to  float  vessels 
and  that  the  course  in  which  it  runs  shall  be  deep  and  broad  and 
uninterrupted  ])y  impassable  obstructions. 

Power, — For  utilization  as  a  source  of  power  a  stream  should  have 
sufficient  grade  t^)  allow  the  conservation  of  large  quantities  of  water 
behind  dams,  so  that  it  may  be  forcibly  delivered  upon  water  wheels, 
and,  by  means  of  the  power  developed  by  this  impact,  may  (>i)erate 
mc(*hanism  applied  to  human  purposes.  If  the  gradient  is  »brux)t — 
that  is,  if  it  is  largely  concentrated  in  one  or  several  places,  so  that 
the  water  falls  over  pre(»ipices  or  runs  in  rapids — the  power  available 
will  be  greater  and  the  expense  of  development  will  be  less  than  if 
tlie  fall  of  the  stream  is  gentlcM*  or  the  stretches  between  rapids  are 
longer.  The  constituents  of  a  water  used  for  the  development  of 
power  are  not  of  great  importance  except  in  such  cases  as  its  impound- 
ing l)y  dams  may  be  the  means  of  holding  ba(?k  or  depositing  accu- 
mulated impurities  which  become  a  source  of  discomfort  and  thereby 
depreciate  the  value  of  real  estate. 

Manufacturijig. — It  is  essential  that  a  water  used  in  manufactur- 
ing processes  shall  not  contain  anything  which,  from  a  <*hemieal  or 
sanitary  standpoint,  shall  be  injurious  to  the  products  of  raaniifac- 
turo.  The  manufacturing  uses  to  which  water  is  put  are  very 
numerous,  and  when  it  is  to  become  one  of  the  (constituent  i>artiii  of  the 
product  it  is  necessary,  in  most  cases,  that  it  shall  be  pure  and  not 
liable  to  damage  the  i)roduct  by  reason  of  any  substances  which  it 
may  carry  in  solution  or  HUsi)ension.  If,  on  the  other  hand,  it  is 
intended  that  the  wat^ir  shall  l)e  employed  merely  in  the  process  of 
manufacture,  as  in  washing  products  or  in  dissolving  ingredients,  it 
is  readily  api)areut  that  foreign  substances  in  the  water  may  defeat 
this  purpose. 

Use  in  boilers. — Normal  or  pure  water  has  a  certain  action  upon 
metaLs,  iron  being  one  of  those  easily  affected.  If,  thei^efore,  a  pure 
water  is  used  in  a  boiler  there  must  necessarily  be  some  action  which 
has  its  part  in  shortening  the  term  of  usefulness  of  the  boiler.  When 
a  water  is  used  which  contains  ingredients  that  hasten  this  action 
upon  iron  or  which  deposits  sediments  within  the  boiler,  the  useful- 
ness of  the  boiler  is  shortened  unduly,  and  the  value  of  the  water  as 
a  boiler  water  is  lessened  by  an  equivalent  amount.  An  idea  of  the 
damage  done  by  calcareous  matter  in  water,  which  is  deposited  as  an 
incrustation  within  the  boiler,  can  be  formed  by  considering  the 
experience  of  the  engineers  on  the  Nebraska  Division  of  the  Union 
Pacific  Railroad,  where  the  water  used  held  in  solution  a  large  quan- 
tity of  sulphate  of  lime  and  magnesia.  When  such  water  is  boiled 
the  sulphate  is  deposited  on  the  inside  of  the  container.  The  expense 
of  cleaning  and  repairing  boilers  by  reason  of  this  deposit  amounted 
in  two  years  to  12,800,  equal  to  8  cc^nts  per  miU^  of  distance  run.  In 
addition  to  this  the  total  mileage  of  each  engine  was  probably  i-educed 
one -half 
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J^isheries. — It  requires  only  h  slight  study  of  the  subject  of  fresh- 
water fisheries  to  appreciate  how  acute  is  the  effect  of  water  pollution 
upon  the  living  organism.  Many  waters  in  the  United  States  that 
were  once  good  fishing  grounds  have,  within  recent  years,  become 
destitute  of  fish  because  of  the  dumping  of  wastes  from  factories  or 
public  sewers  into  lakes  or  rivers. 

2^iiclei  of  parks. — The  development  of  x)ark  systems  in  this  country 
is  a  striking  revelation  of  a  growing  civilization.  That  there  should 
be  recognized,  in  this  highly  commercial  atmosphere,  the  need  of 
establishing  pleasant  places  of  rest,  where  the  careworn  citizen  may 
escaj^e  for  a  short  season  from  his  business  encumbrances,  ia  a  cause 
for  gratification.  No  one  has  properly  estimated  the  value  of  these 
shelters  to  the  workingman,  the  isolated  housewife,  or  the  dust-stifled 
child.  It  is  fast  lx>coming  the  conviction  of  popular  representatives 
that  the  people  have  a  right  to  retain  unto  themselves  certain  con- 
venient portions  of  the  country  in  its  natural  state.  Of  such  there 
could  1x5  many  within  easj''  reach  of  every  city,  but  too  often  their  estab- 
lishment is  made  impossible  by  the  foulness  of  the  water  flowing  past 
available  sites  or  standing  close  by  in  natural  reservoirs.  A  l)ody  of 
pure  w^ater  is  the  proper  nucleus  of  such  a  jilace,  for  bathing,  boating, 
fishing,  and  pleasant  atmosphere  are  all  necessary  accompaniments 
of  the  perfect  park.  But  in  a  place  where  bathing  becomes  suicide, 
boating  resembles  a  voyage  with  Charon,  and  even  bi*eathing  taxes  the 
strong  stomach,  there  is  little  prospect  that  a  park  will  be  established. 

Ice  supply, — The  requirements  of  a  water  to  be  used  as  a  source  of 
ice  supply  closely  resemble  those  hereinafter  described  with  reference 
to  water  supply.  The  diffelenco  lies  in  the  fact  that  a  large  propor- 
tion of  foreign  matter  in  water  is  excluded  upon  the  formation  of  ice. 
Just  how  much  is  yet  uncertain,  but  the  most  recent  investigations 
show  that  the  microorganisms  which  pi-oduce  disease  do  not  live  long 
in  ice. 

Irrigation. — Water  used  for  purposes  of  irrigation  must  contain 
none  of  the  various  mineral  impurities,  such  as  those  found  in  manu- 
facturing wastes,  which  are  known  to  have  a  deleterious  effect  upon 
vegetation.  This  danger  to  irrigation  is  so  remote  as  to  be  unworthy 
of  a  passing  remark.  Irrigation  districts  are  not,  and  probably  never 
will  l>e,  manufacturing  ones. 

Drinking  trater. — The  standards  set  for  a  drinking  water  are  more 
precise  than  those  prescribed  in  any  other  branch  of  water  utili- 
zation. Water  is  necessary  to  the  continuance  or  even  the  existence 
of  life,  powerfully  affecting  human  beings  for  better  or  for  worse 
according  to  its  character,  and  as  the  immediate  preservation  of 
human  life  is  the  principal  object  of  society,  this  phase  of  the  water 

m 

question  is  more  important  than  all  those  previously  discussed. 

It  is  not  necessary  that  a  water  for  public  supply  shall  be  chemic- 
ally pure;  indeed,  such  a  water  would  be  in  many  ways  undesirable. 
Generally  speaking,  that  which  flows  off  or  out  of  the  land  in  its 
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natural  state  is  usually  well  suited  to  the  needs  of  man.  If,  however, 
in  flowing  out  of  a  drainage  area  it  becomes  contaminated  with  the 
ejectaof  man  or  of  domestic  animals;  if  into  the  courses  in  which  it 
flows  there  is  emptied  the  refuse  from  mills  and  factories;  if  upon  tlie 
land  drained  by  the  stream  thei'e  has  been  spread  any  animal  refuse 
whatsover,  then  the  run-off  water  will  be  changed  in  character,  and 
even  tliough  it  may  subsequently  be  treated,  naturally  or  artificially, 
in  such  a  manner  that  it  is  not  prejudicial  to  health,  it  will  bear  to 
its  final  destination  the  marks  of  its  former  bad  associations. 

The  value  of  a  water  is  commonly  reckoned  according  to  its  avail- 
ability for  public  consumption.  To  be  acceptable  to  the  x>ublic  it  must 
have  little  or  no  turbiditv  and  must  contain  little  or  no  sediment  or 
organic  waste,  color,  taste,  or  odor.  It  will,  therefore,  be  useful  to  fol- 
low the  course  of  a  quantity  of  water  from  its  source  in  the  ocean 
around  its  cycle  of  changes  until  it  again  reaches  the  ocean,  in  order 
to  show  how  great  are  the  obstacles  that  j^revent  it  from  meeting  tliese 
several  requirements. 

IMPURITIES  IN  NATURAL  WATERS. 

RAIN   W'ATER. 

Water  is  raised  l)y  evaporation  fix>m  oceans,  lakes,  ponds,  and  from 
the  surface  of  the  earth,  and  carried  aloft,  there  to  float  in  the  form 
of  clouds  until  the  air  sustaining  it  is  saturated,  when  it  is  condensed 
and  precipitated  upon  the  earth.  In  falling  through  the  air  rain  water 
naturally  washes  out  any  impurities  held  there  in  suspension.  These 
impurities  consist  of  dust  composed  of  organic  and  mineral  matter, 
such  as  pulverized  earth,  soot,  pollen,  and  dried  and  finely  divided  par- 
ticles of  plants  and  insects,  as  well  as  ammonia,  carbon  dioxide,  sul- 
phuric acid  and  other  gases,  all  of  which  are  dissolved  or  held  in  sus- 
pension by  water.  Consequently  when  the  rain  strikes  the  earth  it  is 
not,  as  is  commonly  supposed,  pui-e  water.  The  amount  of  impurities 
it  may  contain  depends  on  local  conditions.  If  the  air  washed  is  that 
lying  over  a  large  manufacturing  city  it  is  manifest  that  the  water  on 
reaching  the  earth  will  be  less  pure  than  that  falling  upon  a  primeval 
region.  Nevertheless,  even  in  the  latter  case,  the  air  always  contains 
a  certain  amount  of  foreign  matter.  It  is  also  manifest  that  rain  water 
falling  during  the  later  part  of  a  storm  will  be  purer  than  tliat  which 
first  fell,  for  after  a  time  the  air  will  be  cleaitnl  of  its  impurities. 

On  striking  the  earth,  assuming  that  it  falls  on  a  mountain  or  on 
8loi)ing  land,  there  are  several  coui-ses  that  water  may  take.  Some 
of  it  is  immediately  absorbed  by  vegetation  or  directly  evaporated 
from  the  earth's  surface  as  it  was  from  the  ocean.  The  larger  part, 
however,  takes  two  other  courses:  (1)  It  runs  directly  off  the  surface 
in  rivulets,  converging  into  rills,  streams,  brooks,  and  rivers;  (2)  it 
sinks  into  the  earth  and,  after  filtering  to  a  gi'eater  or  less  depth,  re- 
appears as  springs  or  is  intercepted  by  wells.  Let  us  first  follow  that 
which  runs  directly  along  the  surface  of  the  earth. 
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1.  Suspended  matter 


Organic 


2.  Dissolved  matter  ..• 


Gaseous. 


SURFACE   WATERS. 

Some  of  the  inipiirities  which  the  water  gathered  in  the  air  are  lost 
as  soon  as  it  comes  in  contact  with  the  earth,  but  in  its  course  along 
the  surface  many  more  are  gathered  up — particles  of  sand  or  silt; 
I)ieces  of  dried  or  decayed  leaves,  wood,  and  grass;  microscopic  in- 
sects, and  myriads  of  bits  of  other  material  of  an  almost  imponderable 
Dature  which  in  the  aggregate  amount  to  a  surprisingly  large  quantity. 
These  particles  ultimately  are  dissolved,  or  if  sufficient  time  is  not 
affoi-ded  to  dissolve  them  they  are  deposited  on  the  bottom  of  the 
stream  in  places  where  the  current  of  the  stream  is  checked.  We 
have,  therefore,  the  following  classification  of  impurities  in  water: 

Impurities  in  ivater. 

(inorganic  or  mineral  .: -reVeKtSST 

f  Animal:  Living  microscopic  animals,  dead 
fish  and  pieces  thereof,  feathers  fron^ 
birds,  €tc.;  decayed  animal  refuse;  man- 
ufacturing wastes,  such  as  wool  scour- 
ings,  blood  from  slaughterhouses,  etc.; 
excrement  from  sewers,  etc. 

Vegetable:  Dried  leaves,  grass,  and  flowers, 
decayed  wood,  peaty  matter;  algae  and 
other  plant  life,  including  bacteria;  wastes 
from  cotton,  silk,  and  linen  mills,  and 
from  distilleries,  etc. 

Carbon  dioxide. 

Hydrogen  disulphide. 

Inorganic  metals  in  general. 

Onranir  /Animal  (see  above). 

organic \Vegetable  (see  above) . 

Organic  matter. — Water  as  it  passes  over  the  earth,  therefore, 
becomes  more  and  more  impure,  the  extent  of  its  pollution  depending 
on  the  character  of  the  matter  which  it  gathers  up  and  carries  along 
or  which  is  poured  into  it  by  artificial  means.  Matter  which  is  merely 
held  in  suspension  would  not  seriously  affect  the  character  of  water 
but  for  the  phenomenon  of  solution,  by  reason  of  which  the  state  of 
suspension  is  not  permanent,  for  sooner  or  later  a  large  part  of  the 
suspended  matter  is  dissolved.  It  is  a  familiar  sight  to  see  inorganic 
matter  dissolve  in  water,  and  the  process  seems  simple;  but  the 
explanation  of  the  solution  of  organic  matter  presents  difficulties. 
How  is  it  brought  about?  In  order  to  explain  this  it  will  he  necessary 
to  discuss  briefly  the  composition  of  organic  matter. 

Organic  matter — that  is,  matter  which  is  the  product  of  life  pro- 
cesses— consists  chiefly  of  the  four  elements,  carbon,  oxygen,  hydro- 
gen, and  nitrogen.  These  elements  stand  closely  in  union  as  long  as 
life  endures.  Immediately  upon  the  occurrence  of  death,  however, 
there  comes  a  breaking  down.  The  chemical  combination  in  the  orig- 
inal living  matter  may  be  expressed  thus: 

Oxygen — Carbon 

I      X      I 
Hydrogen — Nitrogen. 


Solid 
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When  there  is  no  longer  a  bond  of  union  between  the  four  elements 
there  comes  dissociation  and  a  reuniting  of  elements  having  attrac- 
tion one  for  the  other.  In  this  case  one  of  the  first  steps  in  the  bi'eak- 
ing  down  of  the  above  combination  may  be  expressed  as  follows: 

Oxygen — Carbon 

Nitrogen — 1  lydrogen. 

The  oxygen  in  this  and  in  the  other  processes  here  described  is 
derived  to  only  a  limited  extent  from  the  decaying  organic  matter 
itself,  but  is  drawn  in  large  part  from  the  atmosphere  and  from  the 
store  of  oxygen  suspended  in  the  water.  The  oxygen  and  carbon 
combination,  known  as  carbon  dioxide  or  popularly  as  * '  carbonic  acid," 
combines  with  other  elements  or  goes  into  solution  as  such,  and  its 
connection  with  the  old  combination  is  permanently  severed.  The 
nitrogen  and  hydrogen  combine  and  form  ammonia.  This  complelcs 
the  first  step  in  the  process.  We  have  the  organic  matter,  once  in 
suspension,  then  in  solution,  now  broken  up  into  two  very  familiar 
compounds,  both  inorganic. 

The  process  is  not  yet  finished.  The  combination,  nitrogen-hytlro- 
gen,  is  not  a  strong  one.  It  is  easily  disturbed  in  several  ways,  and 
one  of  these  is  the  introduction  of  more  oxygen,  which  is  nearly 
always  present  in  water  and  always  in  air  and  in  innumerable  chem- 
ical combinations.  Both  of  the  above  elements  are  more  strongly 
attracted  by  oxygen  than  they  are  by  each  other,  and  therefore  there 
is  a  further  bi*eaking  up.    The  next  step  may  be  represented  as  follows : 

Nitrogen — Oxygen — Hydrogen 

Hydrogen — Oxygen. 

Now  the  hydrogen-oxj'gen  combination  is  watei*,  a  very  stable  com- 
pound, and  therefore  that  portion  of  the  hydrogen  and  oxygen  wiiich 
is  combined  as  indicated  in  the  diagram  is •  permanently  disposed  of. 
No  further  change  takes  place  in  it.  Not  so  with  the  nitrogen-oxygen- 
hydrogen.  As  it  is  first  combined,  one  part  of  nitrogen  and  one  part 
of  hydrogen,  hold  together  two  parts  of  oxygen,  so  that  the  combina- 
tion is  more  accurately  expressed : 

-..^  (  Oxygen — Hydrogen. 

Nitrogen  \  ^  ^^  ^       ^ 

(  Oxygen. 

This  combination  would  remain  stable  if  there  were  not  more  oxy- 
gen present  and  available.  But  as  the  element  nitrogen  can  hold  in 
combination  three  parts  of  oxygen,  there  can  be  no  permanent  chem- 
ical compound  formed  until  this  possibility  is  accomplished;  ho 
another  change  takes  place,  and  the  nitrogen  finally  holds  three  parts 
of  oxygen,  thus: 

( Oxygen — Hydrogen. 
Nitrogen  I  Oxygen. 
(  Oxygen. 
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The  first  compound  is  one  of  the  substances  that  are  necessary  to 
the  formation  of  a  nitrite;  the  second  forms  the  foundation  for  a 
nitrate,  the  essential  distinction  between  these  consisting  of  a  differ- 
ence in  the  amount  of  oxygen  present.  A  nitrite  represents  a  very 
unstable,  transitory  combination,  which  takes  place  in  the  oxidation 
of  organic  matter,  and  which  in  any  case  is  not  permanent.  A 
nitrat-e,  however,  rejn'esents  the  final  condition  of  mineralized  organic 
matter.  It  is  the  stage  where  the  decay  of  that  which  was  formerly 
living  matter  stops,  when  every  chemical  demand  is  satisfied.  A 
nitrate  is  a  permanent,  stable  compound  which  is  not  readily  broken 
up  nor  acted  on  by  other  elements  or  compounds. 

It  must  be  remembered  that  the  changes  above  described,  as  will 
hereafter  be  noted  more  fully,  take  place  in  the  pi^esence  and  by  the 
action  of  living  organisms,  and  while  the  processes  roughly  outlined 
are  not  so  simple  as  has  been  indicated,  the  foregoing  explanation 
will  nevertheless,  it  is  hoped,  give  a  general  idea  of  their  character. 
As  a  concluding  remark,  it  is  sufficient  to  note  that  under  the  cir- 
cumstances the  condition  of  nitrogen  in  a  water  faithfully  represents 
the  condition  of  the  organic  matter  in  that  water. 

Bacisrki, — Having  traced  the  changes  that  take  place  in  the 
organic  matter  of  a  surface  water,  let  us  now  consider  the  means  by 
which  such  changes  are  effected.  In  the  list  of  organic  materials 
above  enumerated  it  will  be  remembered  that  bacteria  found  a  place 
among  those  matters  ** suspended."  It  is  by  their  agency  that  the 
changes  above  described  take  place.  They  are  not  the  bacteria  which 
are  known  to  produce  disease,  but  they  belong  to  the  great  and  use- 
ful species  of  the  order.  They  are  found  primarily  in  the  air  and  in 
the  ground,  and  their  presence  is  indispensable  to  the  reduction  of 
waste  organic  matters  to  the  inorganic  elements  from  which  they  are 
made  up.  Along  with  the  pollen,  the  soot,  and  the  fine  particles  of 
animal  and  vegetable  matters  in  the  air,  these  bacteria  are  collected 
by  the  rain  falling  to  the  earth.  When  they  are  brought  to  the  earth 
in  rainfall  they  immediately  begin  the  work  of  changing  the  organic 
matter,  and  they  are  at  once  reenforced  by  the  myriads  which  are 
always  present  in  the  ground.  The  greater  the  amount  of  organic 
matter  carried  along  by  the  water,  the  greater  the  number  of  bacteria 
that  gather  to  reduce  it,  so  that  the  number  of  bacteria  found  in  a 
water  is  an  accurate  measure  of  the  amount  of  organic  matter  it  con- 
tains. Their  presence  in  large  amount  does  not  necessarily  signify 
that  the  organic  matter  is  dangerous,  but  the  very  fact  that  there  is 
sufficient  food  to  sustain  great  numbers  of  bacteria  is  sufficient  indi- 
cation that  putrefactive  i)roce8ses  are  going' on  in  the  water,  the  true 
significance  of  which  must  be  ascertained  before  the  water  should  l)e 
accepted  for  domestic  use.  Animal  matter  is  more  highly  putrefac- 
tive than  vegetable  matter,  and,  ex(?ept  under  extraordinary  condi- 
tions, a  high  number  of  bacteria  is  indicative  of  animal  pollution. 
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Alga\ — There  is  another  great  ])raneh  of  the  plant  kingdom  i^'hich 
exerts  a  i>owerfiil  influence  upon  the  purification  of  surface  waters: 
This  is  the  group  AlgHP.  These  are  the  minute  green  plants  which,  in 
stagnant  pools,  grow  in  such  large  numbers  as  to  occasionally  form 
what  is  popularlj'^  known  as  a  "scum  "  over  the  surface.  These  plants 
subsist  ui)on  the  products  of  decomposition  of  organic  matter.  As 
soon  as  the  bacteria  succeed  in  breaking  down  the  complex  organic 
combination  as  above  described,  these  alga?  grow  abundantly  and  feed 
upon  the  products  of  decomposition.  As  the  change  from  ammonia 
to  nitrites  and  nitrates  is  made,  they  continue  to  consume  the  debris, 
so  that  the  tendency  is  to  clear  the  water  of  such  matter.  If  such  a 
water  were  placed  in  a  glass  and  no  further  pollution  were  allowed  to 
enter,  it  would  be  found  that  after  a  short  period  the  ammonia, 
nitrites,  and  nitrates  would  be  greatly  reduced.  It  is  also  true  that 
the  algje  themselves  live  to  maturity  and  die,  contributing  more 
organic  matter  to  the  water.  But,  unless  the  conditions  are  such  that 
an  overabundant  growth  is  induced,  and  the  living  algte  can  not 
consume  the  debris  of  their  dead  ancestors,  the  supply  of  organic 
matter  from  this  source  is  not  such  as  to  materially  affect  the  condi- 
tion of  the  water  from  the  standpoint  of  total  organic  nitrogen. 

These  alga^  ofttimes  contribute  odors,  tastes,  and  color  to  the  water 
as  a  result  of  their  life  processes  and  their  decay,  so  that  in  all  cases 
their  presence  is  not  wholly  beneficial  from  a  sanitary  standpoint. 
Such  odors  and  tastes  are  characteristic  and  can  be  readily  detected. 
The  action  of  alga3  described  above  is  not  fully  exerted  unless  the 
water  is  quiet,  or  i)ractically  so,  for  a  short  time,  although  there  is 
no  doubt  that  some  action  takes  place  in  running  streams. 

Algae  also  feed  upon  carbon  dioxide  set  free  by  the  action  of  bacteria 
upon  organic  matter.  The  recent  studies  along  this  line  are  very 
instructive,  and  seem  to  clear  up  an  important  point  which  has,  for  a 
long  time,  not  been  fully  understood.  The  purifj^ing  process  which 
has  been  supposed  to  exist  in  the  extensive  aeration  of  water,  like 
that  tumbling  down  over  a  cataract,  has  been  found  to  have  very 
little  effect  uijon  the  state  of  organic  matter  in  the  water.  Dr. 
Thomas  M.  Drown,  in  a  memorable  experiment,  found  that  after  air 
had  been  blown  through  water  for  an  extended  period  very  little 
change  had  resulted  in  the  condition  of  the  organic  matter.  ITie 
work  served  to  emphasize  the  fact  that  bacteria  are  all  important  in 
the  oxidation  of  organic  matter,  and  that  the  process  is  distinctly 
different  from  the  oxidation  of  an  inert  mineral  substance.  It  was 
therefore  believed  that  the  splashing  of  a  brook  down  the  side  of  a 
mountain  had  no  purifying  effect.  Recent  work  has  shown,  however, 
that  this  process  is  beneficial,  not  on  account  of  the  absorption  of 
oxygen  in  the  water,  but  by  reason  of  the  expulsion  of  the  carbon 
dioxide  from  it,  so  that  the  alg»,  deprived  of  a  large  part  of  their 
food,  would  not  be  likely  to  gi^ow  to  an  extent  that  would  make  their 
presence  objectionable. 
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Utisease  germs, — There  is  one  other  requirement  demanded  of  a 
drinking  water  wliich,  although  inseparably  linked  with  raucli  that 
has  gone  before,  must  nevertheless  be  treated  by  itself.  This  require- 
ment is,  that  a  water  used  for  domestic  purposes  shall  not  contain  the 
specific  germs  or  bacteria  of  ground-borne  diseases,  such  as  typhoid 
fever  and  cholera.  It  has  been  stated  that  in  all  waters  in  which  the 
decomposition  of  organic  matter  is  going  on  there  are  bacteria,  which 
are  requisite  to  the  furtherance  of  this  decomposition.  It  has  also 
been  shown  that,  although  these  bacteria  are  not  productive  of  any 
specific  disease,  their  presence  in  large  numbers  in  a  given  water  is  a 
satisfactory  indication  that  there  must  be  a  corresi)ondingly  large 
amount  of  decaying  matter  in  the  water  to  jirovide  them  sustenance. 
Experience  has  shown  that  a  watc^r  which  during  a  long  series  of 
examinations  shows  an  average  of  more  than  150  to  200  bacteria  per 
cubic  centi  meter  merits  careful  investigation.  The  presence  of  disease- 
producing  bacteria  is  a  matter  which  requires  special  consideration. 

The  bacterium  commonly  occurring  in  the  United  States  is  the 
bacillus  of  typhoid  fever.  This  disease  has  its  seat  in  the  human 
intestine,  and  the  infective  material  is  naturally  ejected  during  the 
course  of  the  disease,  and  is  carried  along  through  sewers  to  the  place 
of  disposal.  If  this  is  a  river  the  water  therein  becomes  infected  with 
germs  of  this  disease,  and  the  infection  is  communicated  to  persons 
drinking  the  water  farther  down  the  course.  It  is  well  known  that 
the  natural  habitat  of  these  bacteria  is  not  in  water,  and  therefore 
their  life  is  not  continued  for  a  long  period.  Just  how  long  this  period 
is,  however,  is  very  uncertiiin;  it  surely  has  no  connection  with  the 
period  required  to  mineralize  organic  matter.  Therefore  the  absence 
of  the  latter  in  it.i  unoxidized  state  is  no  guaranty  that  dangerous 
bacteria  are  not  absent.  Their  term  of  life  probably  varies  widely, 
depending  upon  the  local  conditions,  temporary  or  permanent. 

UNDERGROUND   WATERS. 

Heretofore  we  have  considered  only  that  part  of  the  water  of  pre- 
cipitation which,  up<m  striking  the  earth,  flows  directly  off  the  surface 
into  streams.  That  part  which  sinks  int^)  the  ground  is  of  equal 
importance,  for  it  constitut.es  the  reserve  supply  from  which  streams 
are  replenished  after  the  influx  due  to  a  rainfall  has  spent  itself.  All 
ground  waters  must  at  some  time  issue  from  the  ground  in  the  form 
of  sjjrings,  wells,  etc.,  and,  flowing  along  in  courses,  become  surface 
waters. 

Basis  of  interpretation, — The  fitness  of  ground  water*  for  public 
supply  must  be  determined  in  ways  very  difl'erent  from  those  used  in 
determining  the  potability  of  surface  waters.  When  rain  water  sinks 
into  the  earth  it  meets  conditions  which  arc  highly  favorable  to  the 
oxidation  of  the  organic  matter  it  contains.  The  water  sinks  slowly 
down  through  the  particles  of  sand,  the  fa<^es  of  which  are  covered 
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witli  the  bacteria  that  bring  about  oxidation.  Under  such  conditions 
an  enormous  extent  of  bacterial  surface  is  exj^osed  to  the  water,  and 
the  change  of  the  organic  matter  from  albuminoid  ammonia  to  nitrates 
is  exceedingly  rapid  and  complete.  Consequently,  when  such  water 
emerges  from  the  ground  it  is  to  be  expected  that  the  amount  of 
ammonia  and  nitrates  will  1x3  exceedingly  small  or  absolutely  wanting. 
When  a  spring  water  is  found  which  possesses  these  ingredients,  it  is 
practically  certain  either  that  the  wat4>r  was  originally  a  surface  water 
which,  upon  entering  the  earth,  has  quickly  passed  below  the  layer  of 
available  oxygen  in  the  ground,  so  that  the  normal  process  of  decay 
has  been  retarded,  or,  having  been  once  freed  from  its  organic  matter, 
has  become  contaminat.ed  with  the  contents  of  some  sewer,  cesspool, 
drain,  or  other  source  of  waste  matter.  It  is  not  an  easy  task  to  dis- 
criminate between  the.se  two  possibilities  unless  there  is  at  the  dis{K)sal 
of  the  investigator  a  table  or  chart  showing  the  amount  of  normal 
chlorine  of  the  water  of  the  locality  within  which  the  spring  is  locate<l. 
With  such  information  at  hand,  it  is  necessary  only  to  compare  the 
amount  of  chlorine  found  with  the  nonnal  amount  for  the  locality  to 
ascertain  whether  the  contamination  is  local  or  arises  from  natural 
phenomena.  It  has  therefore  become  the  practice  of  sanitarians  to 
demand  that  a  ground  water  shall  contain  little  or  no  unoxidizeil 
organic  matter.  The  amount  of  nitrates  found  in  such  a  water  is 
nearly  always  large,  sometimes  rising,  in  perfectly  safe  waters,  to  a 
very  high  proportion.  Such  results  indicate  an  extensive  previous 
pollution,  which  has  been  thoroughly  cleared  up.  The  element  of 
danger  in  waters  of  this  kind  is  the  possibility  that  there  might  at 
some  tim(^  be  such  a  change  in  conditions  controlling  this  oxidation 
that  the  process  would  fail  of  completeness. 

Storage  of  ground  irafers. — When  ground  waters  are  stored  in  res- 
erv^oirs  in  the  j)resence  of  sunlight  there  is  a  quick  and  profuse  growth 
of  alg»  in  the  basin,  due  to  the  abundant  presence  of  nitrates  which 
serve  for  food.  Under  such  circumstances  it  is  necessary  to  cover  the 
reservoirs  when  it  is  desired  to  preserve  ground  watei's  in  their  original 
state. 

SANITARY  ANALYSES. 

It  will  now  be  instructive  to  consider  sanitary  analyses  and  their 
significance.  A  sanitary  analysis  of  water  is  not  the  determination 
of  its  mineral  constituents  and  the  quantity  of  each,  but  consists  of 
the  observation  of  a  few  physical  characteristics,  such  as  color,  tur- 
bidity, odor,  etc.,  and  a  determination  of  the  different  forms  of  nitro- 
gen it  contains,  the  amount  of  which,  as  has  been  remarked,  is  a 
faithful  representative  of  the  character  of  the  organic  matter  in  the 
water.  It  should  be  distinctly  borne  in  mind  that  the  ingredients 
which  are  determined  in  such  an  analysis  are  not  harmful  of  them- 
selves, and,  as  such,  have  no  significance  whatever.     They  are  simply 
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^uideboards  which  point  out  the  way  to  a  knowledge  of  the  true  con- 
dition of  the  water. 

In  Table  1  is  given  an  analysis  of  a  normal  water  In  the  State  of 
Massachusetts. 

Tablr  1. — Analynin  of  a  normal  ivater  from  Massachusetta. 

[Parta  per  million.] 


Turbidity. 


Nitrof^en 


Color.  I  Aib„^,. 


noid  am,  ^I.?lt?^",  Nitrites.  Nitrates. 


Decided  .  _ 6.0 


1.252 

i 


0.000 


0.000 


0.000 


Chlorine. 

Total 
residue. 

1.1 

51.5 

Turhidiiy. — The  term  "turbidity,"  in  the  first  column,  defines  itself, 
and  in  the  analysis  alK)ve  set  forth  the  degree  of  turbidity  is  expressed 
by  the  word  '  'decided."  The  terms  hero  use<l  to  express  various  degrees 
of  turbidity,  from  lowest  to  highest,  are  as  follows:  "Very  slight," 
*'  slight,"  "  distinct,"  and  *'  decided."  This  nomenclature  is  now  used 
in  only  a  few  lal)oratories.  In  more  r<*cent  analytical  procedure  tur- 
bidity is  expressed  according  to  a  standard  scale,  the  details  of  which 
are  described  in  Circular  No.  8  of  the  Division  of  Hydrography  of  the 
Tnited  States  Geological  Survey. 

There  are  several  highly  important  reasons  for  knowing  turbidity, 
which  make  necessary  the  fine  adjustment  of  an  apparatus  for  its 
determination.  Turbidity  is  a  physical  condition  of  water  which  must 
be  measured  by  comparison  with  standards  which  are  arbitrarily 
adojited.  A  clear  water  is  most  acceptable  as  a  beverage.  The  most 
slovenly  of  mankind  have  an  inherent  dislike  for  a  turbid  draft, 
and  even  horees  refuse  to  drink  a  water  of  doubtful  appearance. 
Turbidity  is  the  result  of  various  causes,  and  a  trained  observer  can 
infer  a  surprising  number  of  factj  concerning  the  history  of  a  water 
and  the  condition  of  the  area  from  which  it  comes  by  a  superficial 
survey  of  the  visible  foreign  matter  held  in  suspension.  A  highly 
turbid  water  is  unsuitable  for  many  domestic  and  manufacturing 
purposes,  and  therefore  the  accurate  determination  of  tlie  degree  of 
turbidity  at  the  beginning  of  an  investigation  in  some  cases  obviates 
the  necessity  of  further  work. 

Qilor, — The  determination  of  the  odor  of  waters  is  important,  as 
f  i-oni  it  we  can  sometimes  determine  the  origin  of  the  water  or  the 
pollution  which  it  contains.  Odors  are  often  imparted  to  water  by 
the  green  plants  which  grow  in  it,  sometimes  to  a  disagreeable  extent. 
For  a  dascription  of  the  method  of  describing  odor,  reference  should 
be  made  to  Circular  9  of  the  Division  of  Hydrography. 

Color. — Returning  to  the  analysis  above  set  forth,  the  color  denoted 
as  6.0  means  that,  compared  with  an  arbitrary  standard,  prepared 
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and  adopted  as  such,  this  sample  bears  the  relation  of  G  to  1,000,000; 
that  is,  a  standard  brown  color  having  been  determined  upon,  the 
sample  under  investigation  is  compared  with  known  dilutions  of  the 
standard,  and  the  dilution  having  the  tint  nearest  to  the  sample  is 
the  one  which  designates  the  color  of  the  water. 

Nitrogen. — The  next  division  of  the  analysis  is  entitled  "nitrogen," 
and  is  subdivided  into  "albuminoid  ammonia,"  "free  ammonia," 
"nitrites,"  and  "nitrates." 

Albuminoid  avimonia. — Albuminoid  ammonia  represents  the  nitro- 
gen in  the  original  combination  referred  to  above;  that  is,  before 
decomposition  has  set  in.  From  the  results  of  the  determination  of 
the  amount  of  albuminoid  ammonia  in  a  sample  of  water  we  can  infer 
with  a  fair  degree  of  accuracy  the  amount  of  organic  matter  it  contains. 
This  does  not,  however,  give  any  clue  as  to  the  character  of  the  organic 
matter,  whether  animal  or  vegetable.  We  may  find  in  a  polluted  water 
a  smaller  amount  of  this  ingredient  than  may  exist  in  a  normal  water 
perfectly  acceptable  for  drinking  purposes.  In  the  analysis  reported 
above  is  set  down  a  comparatively  large  amount  of  albuminoid  am- 
monia, 1.252  parts  per  million;  this  water,  however,  is  unpolluted  by 
dangerous  wastes.  On  the  other  hand,  in  several  waters  the  nature 
of  which  is  known  to  be  very  dangerous,  there  were  found  onh" 
0.284,  0.19G,  0.198,  T).262,  and  0.263  parts  per  million.  The  determi- 
nation reveals,  then,  only  the  quantity  of  organic  matter  present,  and 
in  order  to  decide  whether  it  is  of  a  dangerous  nature  or  not  we  must 
look  further.  If  it  is  found  that  the  organic  material  is  principally 
vegetable  matter,  which  is  far  less  susceptible  to  decay  than  animal 
matter,  the  water  which  contains  it  may  be  fit  for  household  purposes 
if  the  tiiste,  color,  odor;  etc.,  are  accept^ible.  This,  however,  c^n  not 
be  determined  by  analysis,  but  must  be  the  result  of  inspection  of 
the  water  course. 

Free  ammonia. — Free  ammonia  is  the  product  of  the  first  process  of 
decay  of  organic  matter.  Its  presence,  as  such,  in  a  wat^r  is  not 
more  harmful  than  that  of  albuminoid  ammonia.  It  denotes  that 
decomposition  is  incomplete;  that  it  has  been  arrested  or  retarded. 
It  is  not  necessary,  nor,  indeed,  natural,  tbat  any  considerable  inhibi- 
tion of  the  process  of  decay  should  take  place,  and  when  such  retard- 
ation occurs,  as  is  shown  by  a  high  proportion  of  free  ammonia,  there 
must  be  some  cause  for  it.  We  have  said  that  a  controlling  factor 
in  this  process  of  oxidation  is  the  presence  of  oxygen.  Now,  if  a  wat^i^r 
contain  a  large  amount  of  organic  matter  in  a  putiTsscible  state,  its 
breaking  down  into  carbon  dioxide  and  ammonia  may  go  on  so  rap- 
idly that  it  consumes  all  or  nearly  all  of  the  available  oxygen.  This 
is  certainly  the  case  with  sewage,  in  which  there  is  a  large  amount  of 
organic  matter  undergoing  rapid  decomxx)sition.  In  the  following 
reports  of  analyses  this  is  well  illustrated.  The  first  is  a  repetition 
of  what  is  found  on  page  23,  while  the  second  is  that  of  a  polluted  water. 
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Tabl£  2. — Analyses  of  a  normal  and  a  polluted  imterfrom  MassacJiusetts, 

[Parts  per  million.] 


Nitro^^n  as- 


^^'^Ste?!"  ""^     Turbidity.  ;  (!olor. 


Albumi-  Tji__-  -—  ' 

noidam-  '™^?™" I  Nitrites.    Nitrates, 
monia.      ™onia.    . 


Normal  . 
Polluted 


Decided 
Slight.. 


I 


6.0 


1.5 


1.252 
.2«3 


0.000 
.664 


0.000 
.025 


0.000 
.800 


I 


Chlorine. 


Total 
residue. 


1.1 
24.1 


51.5 
127.0 


It  will  be  seen  upon  examination  of  the  above  that  in  the  polluted 
water  the  turbidity  is  less  than  in  the  normal  water,  the  color  con- 
siderably less,  the  total  residue  smaller  in  amount,  and  the  albumi- 
noid ammonia  only  22  per  cent  of  that  in  the  normal  water.  When, 
however,  we  observe  the  comparative  amounts  of  free  ammonia,  we 
find  that  in  the  unpolluted  water  there  is  none,  while  in  the  other 
there  are  0.G64  parts  per  million.  This  satisfactorily  bears  out  the 
statements  made  in  the  preceding  paragraph.  It  is  evident  that 
although  the  albuminoid  ammonia  in  the  polluted  water  has  been  so 
oxidized  that  the  amount  remaining  can  not  be  regarded  as  high,  the 
free  ammonia  has  not  decreased  in  proportion.  The  cause  of  this 
must  therefore  be  that  the  organic  matter  in  the  polluted  water  is  so 
I'eadily  decomposed  that  it  has  consumed  or  was  consuming  all  the 
available  oxygen  at  the  time  the  analysis  was  made.  The  fact  that 
in  the  normal  water  there  is  reported  no  free  ammonia  indicates  one 
of  two  conditions:  (I)  Either  that  algse  have  consumed,  as  food,  all 
the  free  ammonia  as  fast  as  it  has  been  made,  or  (2)  that  the  organic 
matter  is  not  readily  oxidized.  We  shall  consider  further  on  just 
which  is  the  most  likely  deduction.  High  free  ammonia  may  there- 
fore be  an  indication  of  sewage  pollution;  at  any  rate  it  implies  a 
rax)id  decomposition  of  organic  matter. 

Nitrites. — The  presence  of  nitrites  in  a  water  is  another  indication 
of  the  incomplete  oxidation  of  organic  matter.  It  is  only  one  step 
further  in  the  process  of  oxidation,  and  as  such,  it  must  bear  much 
the  same  significance  as  the  presence  of  free  ammonia.  A  nitrite  is 
an  even  less  stable  condition  of  nitrogen  than  free  ammonia;  in  fact, 
it  represents  nothing  more  than  a  short  period  of  transition  between 
free  ammonia  and  the  nitrates.  Even  in  sewage-polluted  waters  it 
does  not  occur  in  so  large  a  proportion  as  do  the  other  forms  of  nitro- 
gen. Rapid  indeed  must  be  the  initial  stage  of  oxidation  of  organic 
matter  in  order  to  allow  the  accumulation  of  nitrites.  According  to 
the  analyses  reported  in  Table  2  there  are  no  nitrites  contained  in  the 
normal  water,  but  there  are  0.025  parts  per  million  in  the  polluted 
sample.  The  latter  amount  may  l>e  regarded  as  extremely  high,  and, 
taken  with  the  high  free  ammonia,  is  almost  certainly  due  t.o  sewage 
pollution. 
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Nitrates. — The  nitrates  found  in  a  water  represent  the  coiiiplcl<» 
mineralization  of  organic  matter.  When  such  matter,  from  whatev€*r 
source  derived,  has  reached  this  state  it  is  entirely  harmless.  This 
is  by  no  means  equivalent  to  saying  that  a  water  with  a  high  aiuounr 
of  nitrates  and  an  insignificant  quantity  of  the  other  forms  of 
nitrogen  is  safe  for  drinking.  There  is  no  necessary  connection 
between  the  amount  of  nitrates  and  the  good  or  bad  qualities  of  the 
water  for  public  use.  The  question  of  the  presence  of  the  si>eeific 
germs  of  disease  is  all -important  and  will  be  hereinafter  considered. 
The  presence  of  nitrates  in  a  water,  therefore,  indicates  nothing 
more  than  ''previous  sewage  contamination."  Of  itself  it  is  quite 
insignificant,  but,  taken  into  consideration  with  the  det-erminHtions 
heretofore  discussed,  forms  the  final  link  in  the  chain  which  8CH?nr<*s 
for  us  a  knowledge  of  the  history  of  a  water  under  examination. 

On  referring  again  to  the  two  analyses  in  Table  2  it  will  be  noted 
that  the  amount  of  nitrates  in  the  polluted  water  is  large,  indicating 
previous  pollution.  Yet  it  does  not  in  any  sense  indicate  that  that 
pollution  was  dangerous.  The  report  of  analysis  of  the  normal  water 
shows  that  there  are  no  nitrates.  This  is  both  uncommon  and  inter- 
esting. The  amount  of  albuminoid  ammonia  in  this  sample  is  lar^e, 
and  under  ortlinary  circumstances  wo  might  reasonably  exj>ect  that 
there  would  appear  at  least  a  characteristic  amount  of  the  end  prod- 
uct— nitrates.  But  as  none  appears  we  must  conclude  from  the  anal- 
ysis that  the  organic  matter  in  the  water  is  of  a  kind  that  resists 
decomposition,  and  that  as  fast  as  the  process  is  accomplished  the 
alg^e  consume  the  ammonia,  so  that  none  appears  in  the  various  stages 
of  oxidation. 

Chlorine, — Little  or  no  mention  has  l>een  made  of  this  substance  in 
the  previous  pages  in  order  that  the  discussion  of  the  changes  which 
take  pUice  in  organic  matter  might  not  be  complicated  by  other  con- 
siderations. Few  if  any  determinations  in  the  whole  range  of  watt^r 
analysis  are  as  important  as  that  of  chlorine.  It  bears  absolute  tes- 
timony conceraing  the  history  of  the  water,  and  its  interpretation  is 
dependent  up(m  none  of  the  other  determinations.  It  may  be  under 
certain  circumstances  the  crucial  test  by  which  a  water  may  be 
aecepU>d  or  rejected  for  potable  use. 

It  is  well  known  that  chloride — that  is,  a  chemical  combination  of 
chlorine  with  another  element  of  a  certain  class,  such  as  silver,  mag- 
nesium, potassium,  or  sodium — are  found  in  the  earth  in  quantities 
varying  according  to  the  chemical  nature  of  the  geological  forma- 
tions. The  most  common  of  these  is  sodium  chloride,  farailiarlv 
known  as  common  salt.  These  substances  dissolve  in  water,  some 
readily,  others  slowly,  so  that  water  that  has  passed  through  or  over 
the  ground  is  nearly  always  found  to  contain  chlorides,  generally 
common  salt.  Salt  is  found  in  the  air,  especially  near  the  seacoast, 
and  is  one  of  the  component  parts  of  organic  matter.     The  water 
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which  flows  over  the  surface  of  the  land  l^ears  onward  to  the  ocean 
an  appreciable  amount  of  salt  in  solution,  a  fact  which  is  attested  in 
a  familiar  manner  by  the  saltness  of  the  ocean  and  some  of  our  great 
lakes  iivhich  have  no  outlet.  The  wind  blowing  ov(M'  the  sea,  driving 
it  into  Hpray,  raises  fine  particles  of  salt,  which  are  carried  through 
the  air  over  the  land.  These  particles,  l>eing  bi-ought  down  by  the 
rain,  influence  the  amount  of  salt  whi<»h  is  found  in  normal  waters. 

The  work  of  the  Massachusetts  Statt^  Board  of  Health  in  tlie  deter- 
mination of  th<»  amount  of  common  salt  in  normal  waters  has  become 
cdansieal.  In  a  long  series  of  analyses  of  normal  waters  selected  in 
every  part  of  the  State  it  wa,s  found  that  tliere  ai'e  distinct  regions 
in  whi<-h  the  amount  of  salt  does  not  vary,  ex(*ept  within  very  narrow 
limits,  and  that  areas  of  equal  normal  chlorine  may  be  defined  upon 
a  map  of  the  State.  It  was  found  that  th<»  boundary'  lines  of  such 
districts  follow  roughly  the  coast  line,  and  as  the  coast  is  receded 
from  the  amount  of  salt  in  noruml  watere  grows  less.  This  work  has 
lK*en  taken  up  in  Connecticut,  Vermont,  New  Jersey,  Ohio,  and  vari- 
ous other  States.  (See  fig.  1.)  IIow  is  such  a  map  to  l)e  put  to  prac- 
tical use?  Before  considering  this  question  it  will  be  necessary  to 
take  up  the  matter  of  significance  of  common  salt  in  surface  watei*s. 
Common  salt  is  composed  of  sodium  and  chlorine  in  equal  propor- 
tions. Therefore,  if  it  is  desired  to  determine  the  amount  of  salt  in  a 
pfiven  water,  it  is  only  necessary  to  isolate  one  of  these  elements  and 
the  amount  found  will  represent  the  whole.  It  is,  for  known  chemical 
reasons,  better  to  determine  the  chlorine,  and  therefore  in  an  analysis 
of  water  like  that  in  Table  1  the  column  '* chlorine"  ivpresents  the 
amount  of  chlorides,  usually  common  salt. 

AVe  have  said  that  salt  is  one  of  the  comp<ment  parts  of  both  ani- 
mal and  vegetable  matter.  When  a  surface  water  is  collected  into  a 
stream  it  contains  chlorine  that  has  l>een  derived  from  vegetation  as 
well  as  from  the  air  and  earth.  Now,  the  amount  of  chlorine  to  be 
gathere<l  from  the  vegetation  of  a  district  is  as  constant  as  that  derived 
from  the  air  or  ground.  When,  however,  animal  matter  is  poured 
into  the  water  there  is  an  immediate  rise  in  the  amoimt  of  chlorine, 
which,  obviously,  can  not  be  accounted  for  by  any  change  in  the 
natural  conditions  of  the  drainage  area.  It  is  clearly  a  contribution 
from  sources  other  than  those  normally  existing.  The  waste  prod- 
ucfts  of  man,  such  as  urine  and  faeces,  and  of  the  household,  such  as 
garbage  and  wash  water,  contain  large  amounts  of  salt,  and  when 
such  waste  is  turned  into  a  river  its  presence  is  easily  detected.  Now, 
the  use  of  a  normal  chlorine  map  becomes  apparent;  whenever  the 
water  from  any  district  is  analyzed  it  is  onl}'^  necessary  to  compare 
the  content  of  chlorine  found  with  the  nornuil  content  for  that  dis- 
trict, as  shown  on  the  map,  and  if  the  analysis  sliows  a  higher  amount 
there  is  only  one  deduction  to  be  made — that  is,  the  water  is  or  has 
been  iK)lluted  with  sewage. 
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When  chlorine  is  once  introduced  into  a  water  it  remains  there 
throughout  the  journey  to  tlie  sea,  accumulating  according  tj  the 
normal  content  of  the  country  or  the  pollution  introdueed.  The 
organic  matter  may  be  completely  oxidized,  generations  of  alg'a>  may 
mature  and  die,  color,  hardness,  turbidity,  odor,  and  all  else  may 
change,  but  chlorine  remains  fast.  Public  sewers  may  be  introdurtMi 
into  a  river  and  change  it  to  a  stream  of  reeking  filth;  niile«  may 
afterwards  be  traversed;  sedimentation,  oxidation,  and  the  most  kuI>- 
tlo  filtration  may  take  place,  and  the  water  may  again  he  suitable 
for  drinking,  yet  the  actual  amount  of  chlorine  carried  along  \yy  the 
stream  does  not,  under  usual  circumstances,  decrease  appreciably. 
It  may  appear  in  smaller  proportion  at  one  X)oint  than  at  another,  but 
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Flo.  1.  -  Nurmul  cliloriue  map  of  MasKachusettiii  a;id  Coaiiwticut. 

not  by  reason  of  any  reduction  of  the  actual  amount  of  chlorine.  To 
illustrate,  the  water  of  the  Blaekstone  River  just  below  the  Worcester 
precipitation  works  contained  in  the  year  1000  an  average  of  15.7 
parts  of  chlorine  per  million;  after  flowing  a  few  miles  to  Uxbridge 
it  contained  13.8  parts,  and  finally  at  Millville,  a  short  distance  uIm>vo 
the  State  line,  it  contained  only  9.3  parts.  The  river  in  its  pro<?ress 
from  Worcester  to  Millville  receives  a  comparativel}'^  large  amount  of 
pure  water  from  its  tributaries,  also  a  large  amount  of  pollution  from 
different  establishments  along  its  course,  but  the  amount  of  sewage 
added  is  in  no  way  proportional  to  the  amount  of  pure  water  contrib- 
uted. Therefore  the  proportion  of  chlorine  to  water  must  grow  less  all 
along  the  course  from  Wor(»ester  to  Millville.     It  is  obvious  that  the 


I..KiaHTON.] 


INTRODUCTION. 


29 


l>roportion  of  chlorine  is  never  reduced  to  an  amount  equal  to  the 
normal,  and  therefore  must  bear  evidence  of  former  abuse.  The 
abnormal  chlorine  in  a  water  may  be  likened  to  the  scar  left  from 
some  ugly  wound;  although  the  parts  may  be  united  and  the  sur- 
rounding tissues  be  healthy,  yet  the  mark  of  former  injury  can  never 
be  effaced. 

Total  residue. — Under  "Total  residue"  are  included  all  matters, 
organic  or  mineral,  which  serve  to  pollute  the  water.  In  the  above 
analysis  it  means  that  if  1,000,000  parts  of  water  were  evaporated 
there  would  remain  in  the  container  51.5  parts  of  residue,  which  would 
rep^e^4ent  practically  the  weight  of  the  total  impurity. 

^  Jiah/se.s  of  normal  and  j)oUut€d  ivafers, — The  following  analyses  of 
normal  and  polluted  waters,  taken  from  the  special  report  upon  the 
**  Examination  of  water  supi>lies,"  made  by  the  Massachusetts  State 
Board  of  Health  in  1890,  are  very  useful  in  illustrating  the  principles 
above  set  forth.  The  first  set  of  analyses  represents  normal  waters 
and  the  second  i>ollut«d  waters. 

Table  3. — Analyses  of  normal  and  polluted  waters, 

[Parts  per  million.] 
NORMAL  WATER. 


Nr>. 


1 

o 

3 
4 
5 
6 


Turbidity. 


None  - . . 
Decide<l 
....do 
Slight . . 

do  . 

do  . 


Color. 

• 

Albumi- 
noid am- 
monia. 

0 

0.022 

1 

.703 

6 

1.352 

4 

.333 

!  3 

.136 

0 

i 

.152 

Nitrog« 

>n  as — 

Free  am- 
monia. 

lfltrit«*. 

Nitrates 

0.000  ' 

1 

0.000 

0.060 

.000 

.006 

.030 

.000 

.000 

.000 

.130 

.001 

.250 

.000 

.000 

.050 

.000 

.000 

.060 

Chlorine. 


0.8 
1.0 
1.1 
1.6 
6.3 
21.0 


Total  res- 
idue. 


50.0 
25.0 
51.5 
36.5 
32. 5 
59.5 


POLLUTED  WATER. 


i 

8 

9 

10 

11 


Distinct 

Very  slight 

Distinct 

Slight 

do  ... 


1.5 
1.5 


0.284 


5.5  ;       .196 


1.0  .       .198 


.262 
.26ii 


0. 124 

0.009 

0.150 

1.9 

107.5 

.000 

.004 

.550 

5.4 

51.5 

.016 

.004 

.200 

5.8 

50. 0 

.000 

.010  ■ 

.170  , 

20.9 

102. 5 

.664 

.  025 

.800 

24.1 

127.0 

C^ureful  examination  oZ  tlic  above  table  shows  thfjt  chemical  analyses 
alone  may  furnish  very  little  information  concerning  the  healthfulness 
of  a  water  unless  certain  matters  determined  are  in  exceedingly  high 
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proportion.  Analysis  11,  in  Table  .'3,  for  instance,  is  such  that  a  per- 
son eoiikl,  with  a  fair  degree  of  safety,  condenui  the  water.  The  free 
ammonia,  nitrites,  and  chlorine  are  high,  giving  evidence  which  is 
unmistakable.  Sewage  is  poured  into  the  body  of  water  from  ^'hich 
this  sample  is  taken. 

Supposing,  however,  this  series  of  analyses  was  not  divided  into 
** normal"  and  ^'pollut-ed,"  how  w^ould  we  be  able  to  place  8  in  its 
proper  position  under  ** polluted  waters?"  The  results  of  the  deter' 
minations  in  this  analysis  appear  lower  than  some  of  those  in  the 
normal  list.  On  comparing  it  with  4,  for  instance,  it  will  l>e  seen 
that  in  the  polluted  water  the  turbidity  is  less,  the  color  not  much 
more,  the  total  amount  of  organic  matter  not  greatly  different.  The 
free  and  albuminoid  ammonia  are  much  less  in  the  polluted  water; 
/  the  nitrites  are  considerably  more,  but  not  so  great  as  in  noruial 

water  2.  The  nitrates  are  higher,  but  this,  as  has  been  explained, 
means  little  so  far  as  the  healthf ulness  of  the  water  is  concerned. 
The  mn/rked  difference  in  the  two  seems  to  be  in  the  amount  of  chlo- 
rine, but  if  we  glance  at  the  normal  chlorine  map  (fig.  1)  it  will 
be  seen  that  if  8  were  collected  in  the  region  of  Boston  and  4 
were  collected  farther  west,  these  amounts  of  chlorine  would  both  l^e 
normal.  If  we  do  not  know  where  they  were  collected  or  whether 
the  nitrogen  compounds  are  the  result  of  decomposition  of  harmless 
vegetable  matter  or  dangerous  animal  waste,  the  bare  water  analyses 
are  nearly  worthless;  but  taken  in  connection  with  a  knowledge  of 
the  locality,  population,  artd  sewerage  conditions  within  the  draina^ 
area,  the  analyses  are  preeminently  useful  in  determining  the  condi- 
tions of  the  water. 

Hardness, — Some  of  the  damages  done  by  the  use  of  haid  w^ater 
have  already  been  referred  to  under  the  title  "Use  in  bond's"  (p.  14). 
In  a  public  supply  a  hard  water  is  troublesome  and  expensive  by 
reason  of  the  fact  that  when  it  is  used  for  household  washing  it 
requires  a  larger  amount  of  soap  to  produce  the  desired  result.  The 
fatty  acids  in  the  soap  must  first  neutralize  the  calcareous  matter  in 
the  water  before  it  can  be  used  for  washing.  A  uniform  scale  for  the 
determination  of  hardness  is  at  present  the  subject  of  considei'able 
thought  among  water  analysts.  The  present  methods,  however,  are 
efficient  to  a  certain  degree  of  accuracy  and  enable  us  to  distinguish 
a  soft  w^ater  from  a  hard  one. 

There  are  two  grades  or  kinds  of  hardness  which  will,  wherever 
possible,  be  distinguished  in  the  following  pages.  The  first  is  due  to 
tlje  presence  of  alkaline  carbonates,  such  as  calcium,  sodium,  and 
magnesium  carbonat<»s.  When  water  containing  these  comjiounds  is 
boiled  their  effect  quickly  passes  off;  consequently  it  is  designated  a« 
'* temporary  hardness,"  or,  as  it  will  be  termed  in  this  review,  "alka- 
linity." The  second  grade  of  hardness  is  due  to  the  presence  of  alka- 
line sulphates,  chlorides,  and  nitrates.     They  do  not  disappear  upon 
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boilini^,  and  therefoiT*  maintain  a  '* permanent  hardness"  or  ** normal 
haixlness." 

In  the  succeeding  pages,  in  the  case  of  New  England,  where  the 
total  hardness — that  is,  both  t4»miK)rary  and  permanent  together — has 
lK»en  determinetl,  the  amounts  indicating  the  degree  of  hardness  are 
the  result  of  a  reduction  of  the  amounts  of  all  alkaline  earth  salts  to 
terms  of  an  equivalent  amount  of  carbonate  of  limQ.  In  other  words, 
in  Table  7  the  statement  of  the  hardness  as  11  means  that  the  water 
contains  an  amount  of  alkaline  salts  which  make  it  as  hard  as  would 
have  been  produced  by  11  parts  of  carbonate  of  lime  per  million.  In 
the  statement  of  the  hardness  in  the  case  of  waters  in  the  Ohio  Basin, 
on  the  other  hand,  where  the  hardness  is  divided  into  ** temporary" 
and  **  permanent,"  the  tem[torary  hardness  indicates  the  amount  of 
alkaline  carbonates  reduced  to  an  equivalent  of  calcium  carbonate; 
and  in  the  case  of  permanent  hardness,  the  amounts  include  the  alka- 
line sulphates,  chlorides,  and  nitrates  reduced  to  an  equivalent  of 
calcium  carbonate. 

Summary. — In  the  preceding  pages  an  attempt  has  been  made  to 
briefly  and  plainly  state  the  characteristics  demanded  of  a  water 
required  for  public  and  household  uses.  Many  details  have  been  pur- 
posely omitted,  but  it  is  believed  that  enough  has  been  said  to  enable 
the  reader  to  comprehend  the  changes  that  take  place  in  the  dangerous 
or  undesirable  ingredients  common  to  water  supplies,  a  knowledge 
of  which  is  necessary  to  a  proper  understanding  of  the  contents  of 
the  following  pages. 

POLLUTION  OF  NATURAL  WATERS. 

The  i>ollution  of  natural  watere,  though  it  may  be  sometimes  una- 
voidable, is  usually  highly  damaging  to  the  resources  of  the  country 
in  which  it  takes  place.  The  matter  is  a  troublesome  one  in  popu- 
lous countries  and  has  occupied  the  attention  of  chemists,  engineers, 
land  promoters,  and  others,  as  well  as  of  courts  of  law,  having  been  a 
fruitful  source  of  litigation.  The  basis  of  action  in  all  cases  of  this 
character  is  founded  on  the  principles  of  common  law  in  respect  of 
the  ownership  of  real  property.  The  title  of  a  land  owner  presump- 
tively extends  upward  to  the  clouds  and  downward  to  the  earth's 
center,  embracing  everything  upon  the  surface  and  beneath  it.  This 
includes  the  mineral  wealth  in  the  ground  and  arising  out  of  it,  such 
i\H  coal,  iron,  copper,  oil,  water,  and  even  gas.  The  water  Howing 
from  a  spring  situated  upon  a  certain  piece  of  propt»rty  belongs  to  the 
owner  of  the  land  as  truly  as  do  the  blades  of  grass  that  grow  upon 
it.  A  water  right,  whether  it  be  vested  in  a  spring,  well,  or  river,  is 
appurtenant  to  the  land  and  passes  with  it  by  conveyance.  The  own- 
ership so  secured  caiTies  with  it  the  assurance  that  all  water  X)assing 
out  of  or  over  the  property  shall  be  normal,  and  that  any  pollution 
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Other  than  that  caused  by  the  natural  drainage  of  occupied  IhikI  lying 
above  is  actionable  in  law. 

The  situation  is  well  summed  up  in  a  few  paragraphs  from  the 
American  and  English  Encyclopedia  of  Law,  volume  28,  under  the 
heading  "Water  courses: " 

Riparian  rights  are  the  correlative  rights  of  adjoining  proprietors  upon  the 
banks  of  water  courses  with  respect  to  the  water  thereof.  *  »  »  The  i>roperty 
in  the  water  i3  indivisible,  and  all  proprietors  are  entitled  to  an  equality  of  ri??hts 
therein. 

In  consequence  of  the  common  right  of  riparian  proprietors  to  the  benefiti*  f»f 
water  flowing  through  their  land  the  general  rule  is  that  no  proprietor  has  the 
right  to  use  the  water  to  the  prejudice  of  another.  This  principle,  however,  does 
not  restrain  the  use  of  the  watera,  so  that  there  can  l>e  no  diminution  or  impc^li- 
ment  whatever,  Lut  I  ho  true  measure  and  standard  of  the  us )  which  a  rii>ainan 
owner  may  make  of  his  right  is  the  reiisonablenees  thereof.  Each  is  entitle<l  to 
a  reasonable  use  for  domestic,  agri^'ultural,  and  manufacturing  purposes,  *  *  ♦ 
reasonable  with  Te8i>ect  to  the  rights  of  others, 

A  right  to  a  reasonable  use  includes  the  right  to  release,  let  down,  and  dis- 
charge waters  in  order  beneficially  to  employ  them:  and  the  exercise  of  the  right 
entails  no  liability  for  injuries  necessarily  caused  thereby  to  others  in  reg^urtl  to 
the  rise  of  the  stream;  yet  if  the  discharge  withdraws  from  another  the  use  of  the 
waters  to  which  he  is  entitled,  or  if  it  needlessly  deprives  another  of  his  beneficial 
use,  or  injures  or  destroys  another's  projierty,  a  case  for  damages  is  preaented. 

The  right  to  the  reasonable  use  of  the  water  of  a  stream  not  navigablf ;  that 
flows  through  ones  land  includes  the  right  to  confine  and  obstruct  its  flow  -with 
dams  in  order  to  utilize  the  water  power,  or,  for  other  beneficial  purjioses,  to 
detain  the  water  for  such  a  length  of  time  as  it  may  be  reasonably  necessary  lor 
such  use,  notwithstanding  the  detention  in juriously  interferes  with  another's  exer- 
cise of  his  right  to  the  reasonable  use  of  the  stream  in  its  natural  state. 

The  right  of  every  owner  of  land  through  which  a  stream  of  water  floors  to 
have  the  same  flow  in  its  natural  stiite  extends  to  the  quality  a^  well  as  the  quan- 
tity of  water,  and  therefore  one  who  pollutes  or  contaminates  water  may  be  liable 
to  those  injured  thereby,  and  a  court  of  equity  will  interfere  by  injunction  to 
restrain  such  use  as  will  causo  an  irreparable  damage  or  endanger  the  complain- 
ant's rights  by  adverse  ix)sse8sion  if  continued. 

A  frequent  ground  of  action  arises  from  the  operation  of  mills  and  factories,  the 
refuse  from  which  poisons,  corrui)ts,  and  renders  unwholesome  the  waters  of  a 
stream,  or  in  some  other  w^ay  impairs  it  usefulness.  The  deposit  of  dyestuflfs. 
whereby  a  stream  is  polluted  or  discolored;  the  discharge  of  poisonous  or  corro- 
sive substances  into  a  stream,  whereby  the  machinery  of  lower  riparian  owners 
has  been  injured;  emptying  offensive  matters  from  tanyards.and  deix)sits  of  saw- 
dust waste  or  refuse  of  mills  t^  the  injury  of  lower  proprietors,  have  been  held  to 
be  actionable  and  proper  grounds  for  injunction. 

A  riparian  proprietor  who  pollutes  a  strc^am  by  an  uni'easonable  discharge  of 
sewage,  to  the  injury  and  inconvenience  of  lower  riparian  owners,  is  liable  for 
damages  therefor.  If  a  muncipal  corporation  causes  sewage  to  pollute  a  ^v^ater 
course,  to  the  use  of  which  a  lower  landowner  through  w^hose  premises  it 
passes  is  entitled,  it  is  guilty  of  a  nuisance,  for  which  damages  may  be  recovered. 

It  appears,  then,  that  there  is  no  legal  justification  for  the  pollution 
of  water,  yet  »o  universal  is  the  practice  that  it  has  come  t^  receiv^e 
moral  justification  at  the  hands  of  society  and  meets  no  general  eon- 
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d  em  nation  except  in  cases  where  it  goes  beyond  the  bounds  of  human 
endurance.  A  few  States  in  the  Union  have  recognized  the  damage 
arising  from  water  pollution  and  have  made  intelligent  investigations 
for  the  pui-pose  of  correcting  the  evil.  The  results  of  some  of  these 
investigations  will  be  presented  in  the  following  pages,  together  with 
tlie  results  of  examinations  made  by  several  towns  and  cities  as  a 
c-onsequence  of  local  necessities.  The  data  are  arranged  according 
to  drainage  areas,  and  in' the  case  of  interstate  rivers,  where  the  work 
has  occurred  in  several  States,  the  results  obtained  for  a  particular 
stream  will  be  combined. 

MERBIMAC  RIVER  BASIN. 
GENERAL  FEATURES  AND  METHODS  OF  UTILIZATION. 

Course  and  drainage  area, — ^l^he  Merrimac  drainage  biisin  is  4,553 
square  miles  in  extent.  (See  fig.  2.)  It  is  situated  in  New  Hampshire 
and  Massachusetts,  occupying  in  the  latter  State  1,136  square  miles. 
The  Merrimac  River  proper  is  formed  by  the  junction  of  the  Winne- 
pesaukee  and  Pemigewasset  rivers  at  Franklin,  N.  II.,  from  which 
place  to  its  mouth,  at  Newbury  port,  Mass.,  it  is  about  110  miles  long. 
From  Franklin  it  takes  a  south-southeasterly  course  until  it  passes 
for  a  short  distance  into  Massachusetts,  when  it  abruptly  turns  north- 
east wai'd  and  enters  the  Atlantic  Ocean. 

There  is  a  wide  variation  in  the  physical  characters  of  the  Merrimac 
Basin.  A  large  part  of  it  is  highly  cultivated  and  fertile,  but  at  the 
headwaters  of  the  different  tributaries  the  country  is  exceedingly 
rough  and  rugged.  A  small  part  of  the  area  Ms  low  and  swampy. 
Forests  worthy  of  the.namiB  are  almost  entirely  wanting  in  large  parts 
of  the  basin,  their  absence  causing  a  certain  inconstancy  in  the  flow 
of  the  river,  but  this  has  been  in  a  measure  eoiTeeted  by  a  thorough 
syst*?ni  of  storage,  natural  and  artificial. 

Throughout  the  basin  the  underlying  rock  is  largely  granite,  which 
furnishes  a  valuable  source  of  supply  for  building  materials. 

Storage, — Within  the  drainage  area  of  the  Merrimac  are  many  lakes, 
ponds,  and  artificial  reservoirs  which  afford  excellent  storage,  and, 
as  has  been  stated,  comi)ensate  in  a  measure  for  the  effec^ts  of  exten- 
sive deforestation.  The  most  important  of  these  are  Lake  Winnepe- 
saukeeand  Long  Bay,  covering  71. 75 square  miles;  Squam,  New  Found, 
Belmont,  and  Massabesic  lakes,  Smiths  and  Suncook  ponds,  aiid  a 
long  chain  of  reservoirs  in  Massachusetts,  which  conserve  a  water 
supply  for  the  "Metropolitan  district." 

Transportation, — The  river  is  not  important  as  a  means  of  trans- 
portation. Small  coastwise  vessels  may  ascend  as  far  as  Haverhill 
only,  and  the  amount  of  traffic  is  not  large. 

Power, — ^As  a  source  of  water  power  the  Merrimac  throughout  its 
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wliole  extent  is  justly  famous.  In  the  main  river  there  is  a  total  fall 
of  209  feet  in  110  miles,  an  average  of  2.45  feet  per  mile.  This  fall» 
ho  we  very  is  concentrated  at  six  principal  points,  ^ivinj^  most  ad  van- 


Fiu.  2.— Merriinac  River  drainage  basin. 

tageous  power  facilities.     Up  to  the  pn^sent  time  there  have   beeu 
utilized  over  40,000  horsepower  at  Lowell,  Lawrence,  and  Manchester. 
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On  the  tribiitHrieM,  t<x>,  there  are  a  larji^e  number  of  power  sites, 
which  have  been  utilized  extensively.  In  Table  4  is  given  the  total 
iitilize<i  horsepower  on  each  important  tributary.  Some  of  these, 
especiall5'  in  the  drainage  area  of  the  Concord  and  Nashua  rivers, 
have  been  abandoned  to  make  way  for  the  metropolitan  water-supply 
system. 

Tablk  4. —  Utilized  hffrHejHni^r  of  tributaries  of  Merrimac  River, 


Branch. 


Pow"WOW  River 

Shaw^sheen  River 

Spickett  River 

Beaver  Brook 

Concord  River. _ 

Stony  Brook 

Nashna  River 

Souhegan  River 

Cohas  Brook 

Piseataqnog  River 

Suncook  River 

Soucook  River 

Contoocx>ok  River 

WinneiJesankee  River 
Pemigevirasset  River.. 


Total  util- 
ized horse- 
power. 

Drainagre 

area  (square 

milee). 

i,a50 

50 

645 

72 

701 

79 

687 

92 

4,062 

880 

904 

35 

11,762 

516 

2,451 

224 

170 

44 

1,250 

214 

2,881 

264 

72 

90 

6,;)60 

766 

6, 50a 

480 

4,114 

1,013 

Total 


45, 312 


jce. — With  the  exception  of  Lake  Winnei)esaukee  there  are  no  very 
large  ice  fields  within  the  Merrimac  drainage  area.  Taken  collec- 
tively, however,  the  ice  industry  is  very  large,  each  pond  or  lake 
which  has  remained  sufficiently  pure  l)eing  the  source  of  supply  for 
the  country  immediately  surrounding.  There  are  no  reliable  records 
of  the  size  of  the  ice  crop  within  this  basin.  The  industry  is  largely 
localized,  each  field  having  a  different  ownership,  and  the  returns 
made  by  the  different  owners  are  certainly  not  correct,  for  the  endeavor 
to  escape  taxation  has  induced  the  several  companies  to  make  returns 
which  are  usually  far  below  the  actual  amount  of  ico  cut.  The  com- 
mon measurement  of  ice  in  the  fields  is  1,000  tons  to  the  acre,  the 
ice  being  about  12  inches  thick.  Within  the  Merrimac  Biusin  it  is 
possible  to  cut  two  or  three  crops.  According  to  the  Tenth  Census 
repoi-t  on  water  power  there  are  about  100  square  miles  of  pondage  in 
this  basin,  equal  to  64,000  acres.  Assuming  that  25  per  cent  of  this 
area  is  available  for  ice  cutting  and  allowing  for  only.one  crop  during 
the  season,  which  is  certainly  a  low  average,  there  would  be  available 
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160,(X)0  tons  ou  the  lakes  alone.  Allowing  for  a  large  crop  on  the 
rivers,  it  appears  that  1,000,000  tons  a  season  is  a  conservative  esti- 
mate, and  the  total  amount  cut  is  probably  far  more  than  this.  At 
all  events,  the  value  of  this  systiem  as  a  source  of  ice  supply  is  very 
great. 

FLOV\^  MEASUREMENTS. 

During  a  series  of  years  the  flow  of  the  Merrimac  has  l>eeii  CHi^ef  ully 
measured  at  Lawrence,  and  the  discharge  is  given  in  the  followinir 
table : 

Table  5. — Estimated  annual  discharge  of  Merrimac  Hirer  at  Lfnrrence,  J/r/jw. 

[Drainage  area,  4,658  square  mileH.] 


Year. 


1890.. 
1891 . . 
1892.. 
1893.. 
1894.. 
1895. . 
1896.. 
1897.. 
1898.. 
1899.. 


Discharge  in  second-feet. 


Maximum.     Minimum. 


31,560 
39,000 
24,800 
44,800 
27, 900 
65, 300 
82, 150 
41,499 
36, 000 
38, 200 


590 
280 
225 
286 
104 

71 
183 
176 
372 

50 


Mean. 


Run-oJT- 


Total  in  acre- 
feet. 


9, 373 
8, 370 
5, 869 
4,850 
5, 035 
5, 799 
7, 187 
8, 002 
8,413 
6,464 


6, 785, 786 
6, 033, 916 
4,264,911 
4, 726. 807 
3, 645, 052 
4,196,973 
5, 203, 029 
5,800,105 
5, 092, 341 
4,672,824 


Depth  in 
inches. 


27.  93 
24. 84 
17.  .18 
19.47 
1.5.03 
17.25 
21.40 
23. 90 
25. 05 
1.42 


f  t»et  per 

squart" 

mile. 


2.06 
1.48 
I.  211 
1.4:1 
I. II 
1 . 2: 
1.5s 

1.76 
l.S.'» 

19.  2<) 


On  the  Sudbury  River,  tributary  to  the  Concord,  measui-enients  of 
flow  have  been  regularly  made  since  the  year  1875,  and  are  set  forth 
in  the  following  tables : 

Table  6. — Mean  flow  of  Sudlmry  River  in  c.ubiv  feet  per  second,  I,S7-'*-JtHtf>, 

[Drainage  area,  75.2  nquaro  mileH.] 


Year. 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882  

1883 

1884 


8e<*ond- 
feet 


111 
118 
141 
169 
104 

67 
114 
100 

62 
131 


Yi'ar 


1885 ...j 

1886_ i 

1887 1 

1888 _.! 

1889 ! 

1890 ....! 

1891 ' 

1892. ..' 

1893 

1894 


Swond- 
feet. 


105 
126 
134 
197 
176 
149 
150 

90 
120 

89 


Year. 


I  S«H,Min«l- 


1895 , 

1896 

1897 

1898-.- ..' 

1899 

1900 _..i 

I 

I 

Mean ' 


i:M 
U9 
114 
!.•>:{ 
113 
126 

124 
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CHARACTER  OF  NORMAL  WATER  IN  THE  MERRIMAC  BASIN. 

The  waters  of  the  Merriniae  have  been  studied  more  carefully,  prob- 
ably, than  those  of  any  other  river  in  the  world.  The  Massachusetts 
Statt*  Board  of  Health,  famous  for  its  pioneer  work  in  modern  river  sur- 
v(»y,  has  determined  very  closely  the  character  of  the  water  in  that  part 
of  tlie  drainage  area  that  lies  within  the  State.  No  work  of  importance 
lias  been  done  by  the  State  of  New  Hampshire,  but  the  waters  of  the 
Winnei)esaukee  have  been  carefuUj'^  analyzed  by  the  Commonwealth 
of  Massachusetts.  The  natural  conditions  in  the  drainage  area 
are,  however,  sufficiently  uniform  to  warrant  the  assumption  that 
the  normal  characteristics  of  the  headwaters  in  Massachusetts  are 
representative  for  the  whole  area. 

Tables  7  and  8,  the  lirst  consisting  of  analyses  of  practically  normal 
surfa<*e  waters  and  the  second  consisting  of  analyses  of  normal  ground 
waters,  will  fairly  serve  as  an  index  of  the  character  of  unpolhited 
water  in  the  Merrimac  Biisin.  The  last  column  in  these  tables  shows 
the  number  of  analj'ses  on  which  the  averages  stated  were  based. 

TABI-.K  7. — AnalyaeH  of  normal  /mrface  wi-iterH  in  Merrivuw  Baain, 

[Parts  i>er  million.] 


«N€«aler  scale. 

&()ver  80,  ex  tendinis  over  13  years. 

<•  Excess  of  chlorine,  0.2. 

t'Pnmished  by  H.  B.  Barnard,  New  Hamiisliire  State  Laboratory  of  Hytflene. 


Turbidity. 

• 

• 

1 

2.2 

- 

II 

<^ 

0,175 

Nitrog 

2 
Nitrites.             % 

1 

t 

'A 
0.054 

J*       Chlorine, 
to 

1 

o 

1 
1 

11 

1 

Number  of  anal-  1 
yses  made. 

Pbwti  of  tx>ll*H?tion. 

1 

I 
1 

0.(190 

Sndbury  reservoir . 

0.(1)1 

;«,2 

62 

Framingbam    res- 

Slight to  decided 

1.9 

.170 

.022 

.(1)1 

.0J^7 

2.3 

38.3 

12 

12 

ervoir. 

Anhland  reservoir. . 

do 

tt.8 

.223 

.012 

.001 

.047 

2.4 

37.2 

11 

(«>) 

Nai^tg  Pond,  Acton . 

None  to  slight . . . 

.5 

.170 

.005 

.000 

.011 

2.4 

20.9 

2 

11 

Srotjt    reservoir, 

Slight  to  decided 

1.6 

.227 

.068 

.001 

.(«() 

1.4 

36.1 

2 

4 

Pitt-bbnrg. 

Haynes    reHer\'oir, 

do 

1.6 

.:«>4 

.016 

.0110 

.020 

1.0 

18.7 

1 

4 

Leriminster. 

Morse      reservoir. 

Very   slight    to 

2.8 

.IflH 

.007 

.(100 

.(W 

1.2 

21.0 

2 

4 

Le<jminster. 

slight. 

• 

Sandy  Pond,  (\m- 

.3 

.129 

.001 

.001 

.m\ 

2.5 

36.6 

c'ord. 

Oystal  Lake,  Hav- 

1.3 

.166 

.cn» 

.(je«) 

3.0 

:e.2 

erbiU. 

L^ke  Winnepesau- 

1.0 

.{m 

.002 

.(«10 

.038 

rl.2 

30.9 

24 

kee. 

Penac<x)k     Lake, 

1.0 

.138 

.020 

.000 

AW 

1.4 

32.0 

11 

1 

New  Hampshire.'' 

I 
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Table  8. — Analyses  of  normal  ground  waters  in  Merrimac  Basin. 

[Parts  per  m.illion.1 


[wo.?i 


Place  of  ooUection. 


El-Hnzar,  Lowell 

BnUardyale,  Andover 

Framingham 

Pepperell 

Concord 

Metiinen 

Chelmsford 

Dracrut 

Well  in  Sandlmrton . . 


u 
o 

8 


2 

3 
1 
1 
0 
0 
2 
2 
0 


Nitrogen  as 


li 


0.012 
.018 

.(m 

.006 
.085 
.012 
.0*2 
.077 

.ono 


Free  ammo- 
nia. 

1 

0.004 

0.000 

.008 

.000 

.000 

.000 

.008 

.000 

.006 

.000 

.008 

.000 

.€06 

.000 

.008 

.000 

.000 

.000 

I 


O.OSSb 
.095 
.066 
.065 
.260 
.150 
.510 
.040 


S 


1.0 
2.4 
2.2 
1.5 
2.6 
2.0 
2.8 
2.7 
1.76 


S 

o 
Eh 


J 

n 

mm 


24.0 

5 

23.5 

4 

38.0 

17 

53.0 

24.5 

26.5 

4 

85.0 

a 

27,0 

6 

:«.5 

0.5 

55.0 

2,0 

2 
2 
2 

2 
3 
2 
1 
2 
1 


POLLUTION  IN  THE  MERRIMAC  BASIN. 

The  country  draineil  by  the  Merrimac  River  system  eontiiins  a  pop- 
ulation of  about  G32,560,  according  to  the  national  census  of  liMX>. 
Of  this  number,  414,040  dwell  in  Massachusetts.  The  population  per 
square  mile  within  the  whole  area  is  therefore  151;  that  in  New 
Hampshire  is  71.4;  that  in  Massachusetts  is  364.4.  A  large  proportion 
of  this  population  is  concentrated  within  cities  and  large  towns,  so 
that  the  above  figures  do  not,  even  approximately,  represent  the 
actual  conditions  in  the  drainage  area. 

Pollution  exists  in  the  basin  to  an  extent  that  has  made  the  waters 
a  fruitful  source  of  study.  On  the  main  river,  between  Newbury  port, 
Mass.,  and  Concord,  N.  H.,  there  is  a  large  civic  population  supplied 
with  sewerage  systems,  from  which  large  volumes  of  crude  sewage 
are  daily  poured.  Some  of  the  tributaries  also  receive  a  damaging 
amount  of  pollution.  The  latter  will  firet  receive  attention,  and  their 
effects  will  be  gathered  together  and  summed  up  in  connection  with 
the  pollution  in  the  Merrimac  proper. 


SHAWSHEEN  RIVER. 

Rising  in  the  historic  town  of  Lexington,  Mass.,  the  Shawsheen 
runs  in  a  northerly  direction  and  enters  the  Merrimac  at  Lawrence. 
It  is  a  somewhat  unimportant  stream  from  the  standpoint  of  natural 
resource;  the  flow  is  unsteady  and  the  power  values  poor.  As  a 
source  of  water  supply  it  would  furnish  in  the  driest  year  about 
20,000,000  gallons  of  bad  water  daily  from  the  34.1  square  miles  on 
the  upper  end  of  the  drainage  basin. 

The  population  of  the  portion  of  the  area  above  mentioned  is  sibout 
125  per  square  mile,  and  appeara  to  be  growing  rapidly.     Fewprecau- 
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tions  have  been  taken  to  keep  the  waste  from  this  number  of  people 
out  of  the  river,  and  the  country  is  highly  fertile  and  swampy  to  a 
large  degree,  so  that  the  water  of  the  river  contains  an  abundance  of 
organic  matter  and  has  a  high  color. 

Analyses  of  the  water  of  the  river  have  been  made  by  the  State 
Boanl  of  Health,  as  follows: 


Table  9. — AnalytieH  of  ttntter  from  Shawnheen  Hither. 

[Parts  i>er  million.] 


Nitro§:en  as — 


Plji«*«.»  of  <*<)lle<*tion. 


Turbidity. 


u 

o 

o 
o 


ac8.s' 


^  o  d 


Bt^lford Sligfht 

Wilmington None  to  difttiiu't. 

Andover Slight  to  decided 

North  Andover Slight 


15  0.311 

9.6  .272 

5.1  .385 

8.5  .;«> 


.ni8 

.106 


O.Otti 
.001 
.001 
.005 


s 


i 

5.« 

Tota 

0.(115 

76.7 

.085 

3.6 

56.3 

.047 

4.2 

55.7 

.250 

3.fl 

5:1.5 

o  * 


9 

.a 

a 


*> 


e 


13 
13 


2. 
24 

3 

1 


The  8i>ecial  ivport  of  the  State  Board  of  Health  of  Massachusetts, 
made  in  1805,  upon  the  metropolitan  water  supply  has  the  following: 

It  was  the  general  opinion  from  1874  to  1887  that  the  water  of  the  Shawsheen 
River  was  of  satisfactory  quality  for  the  purposes  of  a  public  water  supply;  but 
the  investigatioiis  of  the  State  board  of  health  since  the  latter  year  have  shown 
that  this  is  not  the  case.  The  population  upon  the  watershed  ( 123  per  square  mile) 
is  not  very  large,  but  the  headwaters  of  the  stream  are  in  the  town  of  Lexington, 
within  10  miles  of  the  statehouse,  where  there  is  likely  to  be  a  large  growth  in  the 
future,  and  the  territory  in  and  beyond  Lexing^n  is  used  to  an  increasing  extent 
for  market  gardening.  The  watershed  also  contains  many  swamps,  from  which 
the  water  ac<|nires  a  high  color  and  takes  uj)  much  nitrogenous  organic  matter. « 

CONCORD  RIVER. 

Sudbury  and  Assalx^t  rivers  join  at  Concord,  Mass.,  to  form  tlie 
Concord,  which  from  this  point  flows  in  a  northerly  direction  to  join 
the  Merrimac  at  Lowell.  (See  fij^;.  3.)  The  country  drained  by  the 
system  varies  in  chanicter,  a  part  bein^  extremely  flat  meadow  land, 
through  which  the  river  winds  slug|i:ishly,  while  the  remainder  is  of 
the  hilly,  rolling  character  common  to  Massachusetts.  The  Assabet 
Basin  and  the  upper  part  of  the  Sudbury  are  of  the  latter  character, 
but  the  Lower  Sudbury  and  the  Concord,  from  the  town  of  Concord  to 
Billerica,  are  very  flat.  Two  miles  from  its  junction  with  the  JMer- 
rimac  there  is  a  fall  of  40  feet  in  the  Conconl,  corresponding  te  the 
fall  in  the  Merrimac  at  Lowell. 


o  Report  BfAfwachtiHotts  State  Bonrd  of  H(«lth  iiprm  a  Metrripolitan  Water  Supply,  p.  114. 
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Pollution  ill  the  Concord  sjstem  lias  lieen  aeenraiely  aetermined. 
The  Ujiper  Sudbury  is  set  apart  as  a  drainage  area  for  a  part  of  the 
supply  of  the  Massachusetts   metropolitan  distrit-t,  and  for   years 


Fro.  B.— Conn.rd  Ktv.T  ilminnKP  Ijimin. 

accurate  analyses  ha\'o  tK>en  made,  Tho  Assabet  has  Itix'n  exainine<l 
with  reference  to  its  use  as  a  future  source  of  supply,  and  the  Con- 
cord has  rei'eived  alleutiim  all  alon^  if.-*  course. 

SUDBTIKV    lUVEK. 

Drainage  area. — In  t\w  Sudbury  ai-oiv  the  city  of  Iloston  had  six 
reservoirs  built  or  started,  utili/.in;;  tlie  water  fi-om  Farm  Pond  and 
I^Ake  CochituatrC,  when  thc^  control  was  put  into  the  hands  of  the 
Metropolitan  Wati'r  Itoai'il.     The  driiiua;;e  iiiva  here  included    is  as 

follows : 

S(|.  milm. 

Beservoira  1  to  6 _ .  74.  C56 

Farm  Pond 543 

Lake  Cochituate 18. 87 

Total - _  94.061) 

Within  this  area  are  Marlboro,  Southboi-o,  Wcstboro,  Ilopkinlon, 
Ashland,  and  the  largest  i)opiilaLcd  portions  of  Natick,  Franiingham. 
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Sherbom,  and  Wayland,  all  representing  a  population  of  about  45,300, 
or  482  per  square  mile. 

Conditions  in  the  area. — That  waters  can  be  conserved  in  so  popu- 
lous an  area  and  delivered  in  good  condition  to  the  citizens  of  Boston 
without  any  purification  save  tliat  occasioned  bj^  storage  may  be  con- 
sidered remarkable.  It  is  commonly  found  that  a  river  running  out 
of  a  valley  having  so  many  persons  per  square  mile  as  live  in  the 
basin  of  the  Sudbury  is  so  polluted  that  its  use  in  the  raw  state  is  dan- 
gerous. The  examination  of  the  condition  of  the  Shawsheen  showed 
what  may  be  expected  even  in  a  country  with  a  population  of  125  per 
square  mile.     It  will  tlierefore  be  profitable  to  consider  the  conditions 


1«M()  0 
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Pkj.  4.  -Sudbury  River  drainage  basin. 

within  the  Sudbury  area  and  show  liow  it  is  iK)ssible  to  maintain  the 
run-off  water  in  a  normal  state. 

Examination  of  the  accompanying  map  of  the  area  (see  1^^,  4)  will 
show  that  Westboro  is  situated  on  the  western  divide  of  the  Sudbury, 
and  just  beyond  the  divide  is  the  sewage-disposal  work  for  the  town. 
On  the  northern  boundary  is  Marlboro,  a  city  of  importance,  and  to 
the  east,  over  the  divide,  is  another  disposal  works.  In  the  stream 
known  a«  Walker  Brook,  running  tlirough  Marlboro  to  the  great  Sud- 
burv  reservoir,  has  been  i)lace(l  a  filter,  and  all  of  the  water  from  the 
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city  of  Marlboro,  which,  as  shown  by  analysis,  is  extensively  polluted, 
is  purified  before  being:  mingled  with  the  pure  water  in  the  reservoir. 
Within  the  Cochituate  Basin  are  South  Framingham  and  Natick,  both 
with  sewerage  systems  and  sewage-disposal  works  the  latter  situated 
outside  of  the  drainage  area.  In  addition  to  this,  a  filtration  system  has 
been  established  at  the  Reformatory  Prison  for  Women,  while  the  water 
of  Pegan  Brook,  running  from  Natick  into  Lake  Cochituate,  is  filtered 
like  that  of  Walker  Brook  in  Marlboro.  The  differences  between  the 
waters  of  this  area  and  those  of  others  having  an  equal  population 
are  due  entirely  to  these  precautions. 

Out  of  the  Sudbury  and  Cochituate  basins  there  were  daily  drawn 
in  the  year  1902  about  41  million  gallons  of  water.  If  it  were  not  for 
the  filtration  of  polluted  water  described  in  the  foregoing  paragraph, 
the  water  from  this  area  would  be  quite  unfit  for  domestic  use,  and 
this  large  investment  would  diminish  in  value  or  would  fail  completely. 
It  would  be  necessary  to  filter  the  entire  output,  which  would  cost  at 
least  $5  per  1,000,(XX)  gallons,  or,  at  the  present  rate  of  consumption, 
$74,800  annually.  Under  the  present  conditions  the  expense  of  sew- 
age purification  in  the  Sudbury  and  Cochituate  basins  amoiint.s  to 
a  small  fraction  of  this  sum  annually.  Thus  by  an  expenditure 
of  a  small  amount  of  money  for  the  construction  of  disposal  works 
and  a  comparatively  insignificant  amount  for  maintenance  the  value 
of  the  Sudbury  resource  is  preserved.  This  is  a  typical  case,  illus- 
trating what  maj'  be  done  in  the  way  of  preserving  in  its  normal  slate 
the  water  of  a  populous  district.  It  stands  forth  in  contrast  to  the 
many  cases  hereinafter  taken  up,  in  which  all  thought  of  preservation 
of  values  undamaged  is  thrown  to  the  winds. 

Character  of  wafer, — The  character  of  the  water  in  the  Upper  Sud- 
bury Basin  is  well  set  forth  in  the  first  three  analyses  in  Table  7, 
page  37.  It  will  be  seen  that  from  all  evidences  the  pi^ecautions  taken 
are  successful,  for  the  watei*s  are  practically  normal.  The  Cochituate 
water  is  also  nearly  normal  and  is  similar  in  many  respects  to  that  of 
the  Sudbury,  possessing,  however,  a  much  lighter  color.  The  color 
of  the  Sudbury  water  has  been  improved  during  recent  years  by  the 
drainage  of  swamp  lands  in  the  watershed. 

Passing  out  of  the  hilly  region,  the  Sudbury  winds  along  the  plain 
through  the  towns  of  Sudbury,  Wayland,  and  Lincoln,  carrying  along 
the  incidental  pollution  from  these  places  as  well  as  that  from  Fram- 
ingham  Center  and  the  eflluent  from  the  Natick,  Marlboro,  and 
Framingham  filter  beds.  This  pollution  has  its  effect  upon  the  river, 
as  is  shown  by  the  marked  change  in  the  character  of  the  water.  The 
following  analyses  of  waters,  taken  along  the  Sudbury,  Assabet,  and 
Concord  at  different  jwints,  are  reproduced  from  the  report  of  the 
Massachusetts  State  Board  of  Health  for  1900. 


IaBIOHTOIT.] 


MERRIMAC   BIVER   BASIN. 


48 


Table  10. — Analyses  of  water  from  Sudbury  River  between  Saxonville  and  Way- 
land  (Farm  Bridge), 

[Parts  per  million.] 


E>ate  of  col- 
lection. 


Tnrbidity. 


•3 


Nitrogen  aa— 


jLJMg.lHyVSm 

An^.  88,1900 
I>o 


I 


Very  slight.!  3.4  0.216  rO.OlO 


Fell.  27,1901 
Ang.  15,1900 

I>o 

An?.  29,1900 
Feb.  27,1901 
AuiT.  29,1900 
AnfiT- 15,1900 
Auk.  29, 1900 
Feb.  27,1901 


do... 

Decided.. 

do... 

do... 

do... 

do... 

do... 

Slight.... 

do.... 

do.... 

do.... 


-I  2.2 
..    8.0 


.244 
1.600 


r 


2.720 

I 
6.1   1.000 


0.1 
3.8 
6.0 
3.0 
8.0 
2.9 
2.7 


.850 
.600 
.940 
.336 
.292 
.376 
.206 


.012 
,300 

5.040 

110 


0.002 


.000 
.000 

.013 

.007 


140 

.004 

300 

.004 

940 

.070 

136 

.000 

136 

.004 

oaz 

.008 

172 

.018 

- 

o 

§ 

1 
1 

0.000 

ao 

.080 

3.6 

.020 

9.0 

.200 

11.1 

.010 

7.3 

.010 

6.9 

.(m 

8.7 

i.oao 

16.8 

.(ttO 

8.0 

.010 

6.3 

.010 

8.3 

.420 

6.8 

o 


a 

u 

eS 

n 


40.0  ,  16 

I 

40.0  '  16 
118.0     22 

162.5     27 

90.5     20 


106.0 
92.5 

153.0 
69.5 
74.5 
80.0 
71.5 


o 


Place  of  collection. 


22 

6 

26 

7 

29 

8 

26 

9 

25 

10 

26 

11 

25 

12 

Dam  above  Sazon- 
yiUe  Mills. 

2  Do. 

3  3,000 feet  belowSax- 
onville  dam. 

4.000  feet  below  Sax- 
onville dam. 

I 

I  1  mile  below  Sax- 
I     onville  dam. 

2.7  miles  below  dam. 

Do. 

Do. 

4.1  miles  belowdam. 
6  miles  below  dam. 

Do. 
Do. 


TABL.K  11. — Analyses  of  water  fro^n  Sudbury  River  betiveen  Wayland  and  Concord. 

[Parts  i>er  million.] 


Date  of  col- 
lection. 


Tnrbidity. 


Ang.  11,1900 
Aug.  29,1900 
Feb.  3Sr,1901 

A\-erage. 

Ang.  15,1900 
Aug.  29,1900 

Average. 

Ang.  15,1900 

Ang.  29,1900 

Feb.  27,1901 
i 
Average. 


Slight 

Very  slight- 
do 


o 

§ 


Very  alight. 


.do 


. . . ' 


2.9 
3.6 
2.9 

3.1 

8.0 
2.3 


0.246  0.072 


Very  slight.  I 

do ' 

SUght 


Ang.  15, 1900     VerysUght. 

Ang.  29,1900   do 

Feb.  28,1901  ,  Slight 

Feb.  27,1901    do 


Average. 


2.6 

8.0 
1.9 
8.6 

2.8 


Nitrogen  as— 


-d 

H 


.258 
.214 


6 


II 


,239 


.260 
.244 


252 

,2S3R> 

260 
.233 


3.0  '  .262 


2.2     .22B 


3.2 
3.7 


3.0 


.274 
.284 

.260 


.046 
.244 


.121 


.(m 


.028 


.026 
.084 
.142 

.064 


.044 

.084 
.122 
.144 


0.005 
.002 
.010 


.006 


.004 
.000 


.002 

.001 
.000 
.006 

.002 


0.060 
.020 
.410 

.153 

.000 
.020 

.010 


.000 
.030 
.880 

.137 


.002 

.000 
.005 
.005 


.086     .003 


.000 

.010 
.290 
.380 


.170 


a 

o 


6.6 
6.3 
6.5 

6.5 


5.6 
6.8 


6.2 

6.0 
5.8 
6.2 


6.0 


5.8 

5.5 
6.0 
5.9 

5.8 


1 

•—I 

$ 

o 


61.5 
62.5 
64.5 


5 

S 

Zi 
Zi 
22 


62.8     22 


56.0 


2:3 


58.0  I  20 
57.0  j  21 


54.0 

20 

58.5 

18 

71.5 

20 

61.3 

19 

1 

55.0 

22 

21 

60.0 

21 

22 

64.5 

21 

23 

65.0 

21 

24 

00.9 

21 

— 

o 


13 
14 
15 


16 
17 


18 
19 
20 


Place  of  collection. 


Canal  bridge. 
Do. 
Do. 


Lee's  bridge. 
Do. 


Heath's  bndge. 
Do. 
Do. 


Near  mouth   Ck)n- 
cord. 

Do. 

Do. 

Do. 
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Findings. — The  dates  of  collection  of  the  samples  reported  in  Tables 
10  and  11  are  well  selected  to  show  the  character  of  the  water  in  Sud- 
bury River  in  midsummer  and  midwinter  seasons.     The  analyses 
given  show  clearly  the  effects  of  pollution  on  the  river  along  the 
entire  course,  from  the  borders  of  the  restricted  area  to  the  mouth  of 
the  Assabet,  in  Concord.     Samples  1  and  2,  taken  from  the  dam  above 
Saxon ville  mills,  show  the  effects  of  contamination  from  Frara  Ingham 
Center  in  the  content  of  chlorine.     The  normal  chlorine  map  shows 
that  the  proper  amount  for  this  area  is  about  2.5  parts  per  million, 
while  that  in  the  samples  indicated  is  3.6.     The  amount  of  nitrogen 
in  the  two  determinations  is  noticeably  low.     This  may  be  due  in 
part  to  the  short  term  of  storage  afforded  in  the  mill  pond  above  Sax- 
onville  dam,  but  the  more  correct  explanation  is  probably  that  the 
water  which  runs  out  of  the  restricted  area  below  the  reservoirs  has 
little  polluting  material  turned  into  it,  except  that  of  an  indirect 
nature,  and  the  only  testimony  which  remains  is  the  abnormal  amount 
of  chlorine.     As  far  as  the  analyses  show,  the  water  from  alx)ve  Sax- 
onville  dam  may  be  taken  to  represent  roughly  the  character  of  the 
unpolluted  Sudbury  water.     A  comparison  with  the  analyses  of  the 
water  taken  from  points  below  may  be  fairly  made  upon  this  basis. 
Nos.  3  and  4  show  clearly  the  effects  of  pollution  from  Saxon  ville, 
while  5,  6,  7,  and  8  well  I'epresent  the  effects  of  oxidation,  sedimenta- 
tion, and  dilution  with  fairly  pure  water  from  small  tributaries.      No. 
8  shows  in  an  instructive  way  the  difference  in  the  i^urifying  action 
of  those  three  agents  during  the  cold  season.     Nos.  9-12  in  Table  10 
and  13-24:  in  Table  11  present  no  remarkable  features,  and  merely 
indicate  the  continued  effects  of  self -purification  in  a  river  which  ruus 
through  a  district  spai'sely  populated.     It  is  interesting  to  note  that 
the  amount  of  chlorine  remains  high,  increasing  as  the  points  of  pol- 
lution are  passed,  and  tliereafter  l)eing  reduced  in  proportion  to  the 
dilution  from  tributary  streams. 

ASSABKT   RIVER. 

The  drainage  area  of  this  river  is  a  narrow  one,  lying  between  tlie 
drainage  basin  of  the  Sudbury  and  that  of  the  Nashua.  The  country 
is  fertile  and  the  affluent  from  sewage-disposal  w^orks  at  Westboro 
and  the  pollution  at  the  village  of  Northboro  all  assist  in  contam- 
inating the  stream.  The  special  report  of  the  State  IJoard  of  Health 
in  1895,  in  considering  future  sources  of  supply  for  the  metropolitan 
district,  contains  the  following  statement: 

Owing  to  the  jwUuting  matters  which  enter  the  streams  at  Northboro,  to  the 
very  large  area  of  swampy  land  along  the  river  between  Northboro  and  the  Bos- 
ton and  Albany  Bailroad,  and  to  the  disposal  of  the  sewage  of  Westboro  upon  the 
banks  of  this  section  of  the  river  (Assabet) ,  it  is  not  of  suitable  quality  for  water- 
supply  purposes. 

The  analyses  published  at  that  time  fully  bore  out  this  statement, 
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bu  t  Hince  then  the  river  has  become  more  polluted.     The  annual  report 
of  the  State  board  for  the  year  1900  contains  the  following  analyses: 

Table  12. — Analysen  of  imiter  from  Assabet  River. 

[Parte  per  million.] 


liateof 

<*<»llection. 


Turbidity. 


Feb.  27,19(H. 

Auff.  lo,l«)0. 
Aii|?.  29,1900.| 
Feb.  27,1901- 

I>o 

Aug.  15,1«10. 
Aug.29,15MX). 
Feb.  27,ia>l 
Augr.  15,19(1). 
Auj?.  29,19fM).| 
Feb.  2H\,lWl. 
Feb.  27,  mn. 


Decided 

Slight 

Decided 

do 

do 

do 

do 

do 

Slight 

Very  Blight 

Slight 

do 


CV>1. 
or. 


5.0 

5.4 
7.0 
3.3 
4.0 
3.0 
3.4 
3.5 
3.2 
2.4 
3.5 
3.5 


Nitrogen  as- 

• 

2    1  i 

ino 
nla. 

i 

Ibum 
ammo 

B 

1         ^A 

b 

•r4 

1 

< 

^ 

0 

o.sao 

0.204 

0.002 

0.280 

4.3 

.382     .100 

.OOC} 

.000 

5.2 

.110 

.640     .001 

.(&[) 

24.9 

.416 

.256 

.005 

.300 

16.9 

.336 

.188 

Am 

.230 

7.1 

.376 

.140 

.002 

.000 

6.7 

.425 

.090 

.003 

.010 

7.6 

.4«) 

.288 

.004 

,200 

7.1 

.38«     .216 

.(jor 

.070 

6.6 

,278  ,  .V» 

.005 

.040 

7.8 

.308     .164 

.004 

.260 

6.6 

.296 

.2:30 

.orr> 

.280 

5.9 

•s 


o 


60.0 

53.0 
124.5 
80.5 
66.0 
53.5 
61.5 
70.5 
50.5 
57.5 
57.0 
63.0 


tz2 


Place  of  collection. 


16     2   miles   above  North' 

boro. 
18     Below  Hudson. 
Do, 
Do. 
Below  Oleasondale. 
Below  Maynard. 
Do. 
Do. 
Near  mouth. 
Do, 
Do. 
Do. 


23 
18 
14 
11 
11 
16 
13 
13 
18 
16 


CONCORD   RIVER,    BETWEEN   CONCORD   AND   LOWELL. 

Below  Concord,  the  river  slowly  winds  through  a  country  of  scanty 
population,  without  materially  adding  to  the  pollution  which  it  bears 
along.  The  water  perceptibly  improves  through  the  same  agencies 
as  are  above  noted  in  the  case  of  the  Sudbury,  until  it  comes  within 
the  polluting  influence  of  Lowell. 

Tablk  Mi. — Analyses  of  laafer  taken  at  different  points  along  Concord  River. 

[Farts  ix«r  million.] 


Turbidity. 


Ver>'  tdight 

Do 

Slight 

Very  Hlight 
Do 

Do 

Do 


Col- 
or. 

Ammonia. 

Albu- 
mi-       Free, 
noid. 

Nitrog 

Ni- 
trite«. 

en  as— 

Ni- 
trates. 

Chlo- 
rine. 

Total 
resi- 
due. 

Pla<Te  «»f  collection. 

3.2 

0.2W> 

0. 102 

0.(«M 

0.030 

6.4 

5:}.5 

16 

Below  North  Bridge,  in 
Conc<jrd. 

3.0 

.25(» 

.(WO 

.(«« 

.040 

6.7 

55.0 

17 

At  Flint's  bridge,  in  Con- 
cord. 

3.4 

.278 

,168 

.(Mfi 

.330 

6.3 

6:15 

17 

Junction  Sudbury  and  Assa- 
bet. 

11.0 

.362 

.(00 

Am 

.i;« 

5.2 

59.0 

16 

Billerica. 

2.6 

.224 

.044 

.(MM 

.010 

9.4 

61.0 

25 

Above  Billerica  water- 
works. 

2.0 

.223 

.040 

.(NX) 

.010 

5.9 

54.0 

14 

North  Billerica. 

2.0 

.230 

.018 

.000 

.010 

5.9 

52.0 

14 

Above  Talbot's  mill,  Bil- 
lerica. 
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NASHUA  RIVER. 

Nashua  River  rises  in  Wort-ester  Comity,  Mjisa.,  and  flows  in 
ft  northeasterly  direction  into  New  Hampshire,  where  it  joins  llie 
MerrimHcat  Nashua.  Above  Lancaster,  Mass.,  the  riverdividea  into 
Ih©  North  and  Soutli  hraiiches,  the  former  coming  down  from  tiip 
northwest,  the  latter  having'traccd  a  cireuitous  course  in  a  general 
northeasterly  direction.     {See  iig.  3.) 


There  are  situated  within  the  Nashua  Basin  2^}  municipalities,  exclu- 
sive of  Nashua,  at  the  mouth,  some  of  which  extiend  over  ac^o^«s  the 
divide  into  other  watersheds.  The  total  population,  according  to  the 
Twelfth  Census,  is  about  83,2UO,  or  neary  llil  per  square  inile.  This, 
however,  does  not  fairly  represent  the  conditions  upon  the  river  sys- 
tem, for  npon  many  branches  the  country  is  sparsely  settled.  I>arge 
settlements  arc  not  numerous,  and  only  three  are  of  important  size. 
Fitchburg,  on  the  North  Branch,  has  a  population  of  31,531;  Leomin- 
ster, a  short  distance  below,  is  reported  to  have  12,393;  and  Clinton, 
the  only  important  center  on  the  South  Branch,  has  10,i!ol  iuhabitantA 


UBIOHTON.]  MEBRIMAO   RIVER    BAftlN.     '  47 

SOUTH  BRANCH   OF  NASHUA  RIVER. 

The  South  Branch  of  the  Nashua  lias  a  drainage  area  of  129  square 
miles,  the  topography  being  hilly  and  steep,  affording  admirable 
opportunities  for  storage.  The  upland  branches,  Quinepoxet  and 
Stillwater,  join  to  form  the  South  Branch,  bringing  in  the  waters  of  a 
country  of  small  i>opulation  and  affording  a  supply  of  excellent  qual- 
ity. Practically  all  of  this  upland  area  has  been  set  aside  by  the 
Metropolitan  Water  Board  for  the  conservation  of  a  supply  for  Boston 
and  vicinity.  The  river  is  intercepted  by  a  mammoth  dam,  which 
will  hold  back  the  waters  of  one  of  the  largest  reservoirs  ever  con- 
structed, at  a  point  just  above  Clinton. 

The  waters  of  the  reservoir  will  cover  the  present  villages  of 
Boyleston,  West  Boyleston,  and  Ilarrisville,  and  the  work  of  effacing 
these  places  has  already  been  carried  forward.  At  the  time  of  the  fii-st 
report  on  the  project,  in  the  year  1895,  the  population  of  the  proposed 
restricted  area  of  118.23  miles  was  61  per  square  mile.  Since  that 
time  there  has  been  practically  no  increase  over  the  whole  country, 
and  recently  the  destruction  of  the  villages  above  mentioned  has 
caused  a  marked  decrease.  The  completion  of  this  work  will  effect 
a  change  in  the  quality  of  the  water  taken  from  this  basin.  The 
few  points  of  pollution  now  existing  there  will  be  removed  and  stor- 
age in  the  new  reservoir  will  improve  the  character  of  the  water. 
Yet  even  now  the  supply  which  is  taken  from  the  river  and  carried 
through  the  aqueduct  constructed  across  the  eastern  watershed  to  the 
Sudbury  Basin  is  of  excellent  quality  and  will  serve  as  a  normal  from 
which  to  consider  the  pollution  in  the  lower  reaches  of  the  river. 
Reference  to  the  map  of  normal  chlorine,  page  28,  will  show  that  the 
proportion  for  this  country  is  1.6  parts  per  million. 

Quinepoxet  a?id  StiUivater  rivers, — From  the  Massachusetts  rei)orts 
have  been  taken  the  following  statements  of  analyses  of  waters  gath- 
ered from  the  Quinepoxet  and  Stillwater  rivers,  the  one  at  Holden  and 
the  other  at  Sterling: 
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Table  14. — Aiialyses  of  water  from  Quinepoxet  and  Stillwater  rivers, 

QUINEPOXET  RIVER  AT  HOLbEN. 
[Parte  per  uiillion.    Averages  by  yearn.  ] 


Year. 


Turbidity. 


1892. 
1893. 
1894  _ 
1895. 


Nitrogen.  aH — 


1896. 
1897. 

1898- 
1899. 

1900_ 


Slight.... '     6.2 

do ' 

do 


7  2 


Very  slight  to 
distinct. 

do 


Very  slight  to 
decided. 

Slight 

Very  slight  to 
decdded. 

..       do      .. 


6.1 


t,  t 


6.4 


6.2 

4.8 

5.1 


Albu-  ' 
minoid  ' 
ammo-  i 
nia. 


Free 
ammo- 
nia. 


Ni-    I      Ni- 
trites. I  trates. 


Chlo- 
rine. 


Total 
residue. 


Hard- 
n€*ss. 


0. 194     0. 014 


.192 
.214 
.289 

.250 


248 
261 


277 


.004 
.041 
.020 

.012 
.032 

.030 

.028 

.  036 


0.001 
.001 
.001 
.003 

.000 
.001 

.  001 
.001 

.002 


0.088 
.044 
.027 
.090 

.045 
.  055 

.037 
.046 

.047 


1.9 
2.6 
2.9 
2.6 

1.9 
2.1 

2.1 
1.9 


37.0 

9 

37. 5 

9 

38.5 

t 

44.7 

9 

37.4 

38.8 

34.7 
36.5  : 


2.  I       38. 8 


4 

8 

8 
.5 

5 


STILLWATER  RIVER  AT  STERLINCi. 


1892 

1893. 

1894 

1895 

1896 

1897. 

1898. 
1899. 
1900. 


None  to  slight. 

do 

do 

...     do 

Very  slight  to 
distinct. 

None  to  very 
slight. 

do 

Very  slight 

None  to  very 
slight. 


T 


4.4 
5.0 
4.5 
5.2 


0. 131 
.147 
.137 
.179 


0. 001 

|0. 000 

0. 072 

.006 

'  .001 

.002 

.008 

.000 

.017 

.008 

.000 

.051 

.016 

.000 

.  035 

5.0 

.229 

.016 

.000 

6.6 

.199 

.013 

.000 

5.1 

.158 

.008 

.001 

3.1 

.177 

.020 

.000 

3.3 

.156 

.  025 

.001 

.037 

.  026 
.  050 
.  025 


1.3 

1.8 
1.8 
1.9 
1.6 


33.8 
34,5 
32.0 
34.8 
33.3 


1.7  34.7 

1.6  j    30.2 

1.7  I    32.4 
1.5  30.7 


f 

8 
9 

7 

8 

8 
5 


Souih  Branch  of  Nashua  Hirer  at  Clinton. — Just  below  the  dam 
which  marks  the  beginning  of  the  restricted  area  above  descril>ed  the 
South  Branch  imsses  the  town  of  Clinton,  and  there  meets  with  its 
first  important  pollution.  Flowing  through  Clinton  from  the  west, 
Coachlace  Brook  enters  the  main  stream.  The  large  plant  of  the 
Lancaster  Woolen  Company,  employing  over  2,000  hands^  contributes 
sewage  and  manufacturing  refuse  into  the  South  Branch,  and  a  small 
portion  of  the  town  also  drains  into  this  stream.  Until  September 
15, 1899,  the  sewage  of  Clinton  and  an  enormous  quantity  of  wool- 
washing  waste  and  other  refuse  from  the  extensive  works  of  the 
Bigelow  Carpet  Company  were  discharged  into  Coachlace  Brook. 
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III  'I'able  15  is  set  forth  results  of  four  nnalyses  of  wat.er  from  C^oaeh- 
la<*e  Brook,  which  was  at  that  time  the  foulest  stream  in  the  Nashua 
Basin. 

Tablk  15. — Analyses  of  water  from  Coachlace  Brook: 

[Parts  iwr  million.] 


Turl)idity. 


Slight  . . 

Do. 

Distinct 

Det»ide<l 


A  veraK** 


Nitrogen  a?* — 


(\>lor. 


AJiy.'^-.Freoam-   j„trlt«.. 


noia  am- 
monia. 

monia.   i 

3.5 

0. 620 

2.280 

2.3 

.  520 

2.200  . 

2.0 

.710 

1.720 

4.0 

.786 

1.620 

2.9 

.  659 

1.955 

Nitratt'H. 


T 


cn,lorin«.   JS'diV 


0. 056 

0.180 

• 

10.0 

.  033 

.330 

9.5  1 

.044 

.200 

9.9 

.200 

.  050 
.190 

9.7 

.083 

9.8 

96.5 

89.0 

94.5 

110.0 

97.5 


Character  of  waier  at  Lancasier, — A  short  distance  below  this  point 
is  Lancaster,  t  he  place  at  which  the  North  Branch  enters.  The  qual- 
ity of  the  water  has  l)een  determined  by  a  long  series  of  analyses  of 
samples  taken  at  a  point  on  the  South  Branch  just  above  the  conflu- 
ence of  the  two  rivers.  The  pUice  was  well  chosen,  for  the  water 
taken  there  shows 'the  effect  of  the  mixture  of  the  water  from  Coach- 
lace Brook  and  that  running  past  the  Lancaster  mills,  as  above 
descril)ed. 

Table  16. — Analynea  of  water  from  South  Branch  of  Nashitfi  River  above  its  con^ 

fltience  with  North  Branch  at  Lancaster, 

[Parts  p«r  million.] 


Turbidity. 

(V>k>r. 

Nitrogren  a»— 

i 
1 

o 
3.4 

• 

s 

1 
1 

0 

• 

14 

1 

1  . 

Y«*r. 

•2  • 
0. 238 

Free  ammo- 
nia. 

i 

J25 

i 

1 

0.114 

Number  of  a] 
sesmade 

1895.... 

Very  slight  to 

0.167 

0.008 

46.6 

16 

distinct. 

1896 

Distinct 

4.5 

.216 

.094 

.006 

.134 

3.5 

47.2 

16 

12 

1897.... 

Very  slight  to 

6.0 

.257 

.092     .004 

.110 

3.2 

44.7 

13 

13 

distinct. 

1898 

Very  slight  to 
decided. 

5.0 

.269 

.327 

.010 

.098 

3.3 

47.7 

13 

12 

1899.... 

Very  slight  to 
distinct. 

4.5 

.415 

1.026 

.018 

.087 

7.5 

73.4 

17 

13 

1900.... 

Very  slight  to 
decided. 

8.3 

.346 

.  537 

.020 

.392 

10.0 

77.8 

19 

13 

1901.... 

Decided 

8.3 

.331 

.314 

.012 

.405 

8.1 

78.4 

19 

13 

IKR  79--03- 
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NORTH   BRANCH   OF  NASHUA  RIVER. 

The  North  Branch  of  the  Niishiia  is  a  good  i)ower  stream  and  has 
been  utilized  extensively.  Its  flow  is  regulated  to  some  extent  by  a 
series  of  reservoirs,  but  in  spite  of  this  the  flow  is  variable.  The 
total  area  of  the  basin  is  127  miles,  and  the  population  is  greater 
than  that  on  the  South  Branch.  The  communities  of  Ijeominster  and 
Fit-chburg  contain  44,000  inhabitant's;  both  places  support  extensive 
manufacturing  industries,  and  the  pollution  from  household  sewage 
and  factory  wastes  is  extensive.  There  are,  nevertheless,  many  pointi^ 
in  the  watershed  above  these  towns  where  the  water  is  of  excellent 
quality.  Among  these  are  Scott  reservoir,  which  supplies  Fitchburg, 
and  Morse  and  Ilaynes  reservoirs  above  Leominster,  analyses  of  vrhich 
are  recorded  in  Table  7. 

Normal  water, — Still  farther  up  in  the  drainage  ai*ea  is  the  Ash- 
burnham  storage  reservoir,  which  conserves  a  normal  water  of  a 
character  indicated  in  the  following  report  of  analysis,  it  beinjij  the 
average  of  nine  samples: 

Table  17. — Analysis  of  water  from  Anhhunifiani  storage  reservoir. 

[Parts  per  million.] 

Turbidity .. _ **None"  to  "distinct." 

Color . . .    .    None. 

Residue  on  evaporation .  .    25. 3 

Free  ammonia .  003 

Albuminoid  ammonia _.. .077 

Chlorine ..   .-   ., «1.3 

Nitrates . .  -         - .   

Nitrites .    .     


-- .191 

--  .001 

Above  Fitchburg. — Taking  the  watei-sof  Scott,  Ilaynes,  Morse,  and 
Ashburnham  reservoirs  as  normal,  let  us  descend  to  a  point  a  short 
distance  above  Fitchburg,  where  the  pollution  is  merely  that  from  a 
few  factories  in  the  vicinity  of  West  Fitchburg. 

Table  18. — analyses  of  water  from  North  Branch  of  Nashiia  River  ahove 

Fitchburg. 
[Parts  per  million.] 


Nitrogen  a«- 


Date  of  follwtion. 


1000. 


Turbidity 


^^^^l"*--   minoVd    ^"^ 

,    am      »"».»"« 
I  ■     '    nia. 

,  monia. 


Ni- 
trites. 


Ni- 
trates. 


Clilo- 
rin«. 


June  19  _ .|  Very  slight- -I     3.8  0.170  0.002  0.001 

August  1 -do 4.5  '  .183  '  .008  I  .000 

.170  '  .010  '  .000 

.216  ,  .008  '  .001 

.192  I  .012  '  .000 

.178  ,  .022  i  .000 

.130  .012  I  .001 

.177  .011  .000 


August  29 

September  26.  _ 
October  23  ... . 
November  28.. 
December  26  .  - 

Average. 


None 3.9 

Slight '  3.8 

None  - 4.2 

do 6.0 

Very  slight-.  4.5 

'  4.4 


0. 050 
.010 
.050 
.030 
.020 
.070 
.130 

.051 


1.4 
1.6 
1.8 
3.3 
2.3 
1.8 
1.8 

l79 


Total 
refrf- 


8 


due.        'g 


33.5 

32.  5 
31.5 
26.5 
42.5 
35.0 
86.0 

33.  9 


5 


5 

8 

10 

8 


fl  Nor  mill. 


LXIOHTON.] 


MEBBIHAO   RIVER   BASIN. 


51 


Except  for  a  slight  increase  in  the  amount  of  chlorine  the  above 
analyses  do  not  differ  significantly  from  those  in  the  normal  reservoirs 
above  noted.  This  difference  is,  however,  an  important  one  and 
bears  unmistakable  evidence  of  the  pollution  above  noted. 

Below  Fitchhurg. — Below  Fitchburg  the  character  of  the  water 
undergoes  a  marked  change,  as  is  indicated  by  the  following  series  of 
analyses  of  samples  taken  at  a  point  just  below  the  city.  It  will  be 
observed  that,  although  the  evidences  of  pollution  are  clear,  they  do 
not  indicate  the  extremely  foul  character  which  was  apparent  in  the 
waters  of  Coachlace  Brook,  on  the  South  Branch. 


Table  19. 


-Analyses  of  water  from  North  Branch  of  Najihua  River  Mow 

Fitcliburg, 

[Part,s  ijer  million.] 


Date  of  collection. 


1898 
1894 
1895 
1896 
1897 
1898 
1899 
1900 


Color. 


5.7 
5.6 
5.9 
4.8 
6.1 
5.1 
4.3 
3.9 


Nitrogen 


Albu- 
minoid 

am- 
monia. 


Free  am- 
monia. 


Nitrites.  Nitrates 


0.360 
.346 
.423 
.499 
.420 
.467 
.657 
.660 


Chlo- 
rine. 


Total 
resi- 
due. 


0.461 
.634 
.832 
.677 
.370 
.  435 
.967 

1.011 


0.018 
.020 
.010 
.017 
.007 
.009 
.009 
.010 


0.118 
.153 
.134 
.151 
.120 
.117 
.069 
.072 


6.9 

74.6 

7.5 

73.9 

7.5 

81.0 

7.4 

81.5 

6.1 

68.2 

4.8 

60.0 

7.2 

76.2 

9.7 

81.0 

20 
19 
22 
20 
18 
16 
18 
20 


Below  Leominster, — Descending  farther  we  come  to  Leominster,  at 
which  place  enters  a  polluted  stream  known  as  Monoosnoc  Brook, 
the  characters  of  which  are  shown  by  the  following  statement,  which 
is  the  average  of  ten  analyses  made  in  1809  and  1900. 

Table  20. — Av-erage  of  ten  analyses  of  water  front  Monoosnoc  Brook. 

[Parts  i)er  ndllion.] 

Turbidity --- Decided. 

Color - 7.5 

Residne  on  evaporation 49. 9 

Free  ammonia - _ 880 

Albuminoid  ammonia _ 444 

Chlorine.  ^..- ---- - - 4.3 

Nitrates- - : -      .071 

Nitrites  ..- - ----       .0075 

Hardness 12 
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At  hanccuster, — Another  series  of  analyses  appeal's  to  have  l)een 
made,  the  water  being  taken  from  the  North  Branch  at  a  point  just 
above  its  confluence  with  the  South  Branch.  This  iK)int  is  also  well 
chosen,  as  the  river  carries  all  the  pollution  which  has  entered  above 
save  that  which  has  been  oxidized  or  deposited  in  the  course  of  the 
stream.  Analyses  of  the  water  here  show  just  what  is  contribut-ed  by 
the  North  Branch  to  the  Nashua  River  system. 

The  following  record  covers  six  years,  and  can  therefore  l>e  accept<Mi 
as  indicative  of  the  true  charact-er  of  the  water: 

Table  21. — Analyses  of  water  fr<mi  North  Branch  of  Nashua  Rivt*r,jui<t  a/>orv  its 

confluence  with  the  South  Branch  at  Lancaster, 

[PartM  per  million.] 


Nitrog 

en  as-- 

Date  of  collection. 

1 

1 

Albuminoid 
ammonia. 

Free  ammo 
nia. 

X 

1 

1 
"A 

• 

t: 

5 

1 

i 

1895.    

5.1 

0.  2m 

0. 2«2 

0.019 

0. 236 

7.7 

69.6 

19 

1896   

4.7 

.293 

.217 

.019 

.  155 

5.5 

m.o 

18 

1897 

5.4 

.290 

.285 

.008 

.  150 

4.3 

52.9 

ir. 

1898-. 

4.5 

.  268 

ooo 

.013 

.168 

4.4 

50.7 

15 

1899 

3.6 

.316 

.540 

.016 

.  132 

6.0 

63.8 

16 

1900 

3.1 

.  322 

.  501          .  022 

.152 

6.6 

1 

63.4 

is 

A  comparison  of  the  results  in  Table  21  with  the  analyses  of  water 
from  the  South  Branch,  Table  16,  shows  that  until  1801)  North  l^ranch 
was  the  more  highly  polluted. 

During  the  years  1895-1898,  inclusive,  the  amounts  of  free  auinionia, 
nitrates,  and  chlorine  in  South  Branch  waUn*  were  approximately  ^^ 
per  cent  of  those  in  North  Branch.  After  1898  there  appears  to  1h»  a 
decided  change  in  the  character  of  the  water  in  South  Branch;  organic 
ingredients  increased  remarkably  and  reached  a  maximum  in  the  year 
1900.  It  is  evident  that  unusual  conditions  arose  to  produce  this 
result.  A  history  of  the  work  of  the  Metropolitan  Water  Board  of 
Massachusetts  upon  the  South  Branch  of  Nashua  River  shows  that  in 
Mart^h,  1898,  a  large  jjroportion  of  the  run-off  water  in  the  btisin  of 
South  Branch  above  Clinton  was  diverted  for  use  in  the  metropolitan 
district.  This  water  had,  up  to  this  time,  been  efficient  in  dihitinfr 
the  refuse  and  sewage  discharged  from  Clinton,  and  its  withdrawal 
was  immediately  apparent  in  the  condition  of  the  stream  below. 
Coincident  with  this  diversion  there  was  in  progress  the  preparation 
of  Wachusett  reservoir;  old  dams  were  removed,  the  surface  of  the 
country  was  stripped  of  vegetation,  and  large  amounts  of  water  were 
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turned  into  the  stream  from  foundation-wall  excavations.  The  result 
was  that  the  water  which  flowed  past  Clinton  was  made  extremely 
turbid,  and  must  have  carried  along  in  solution,  as  well  as  in  suspen- 
sion, great  quantities  of  orji^anic  matter.  These  conditions  are  entirely 
sufficient  to  account  for  the  change  in  the  character  of  South  Branch 
water  above  its  confluence  with  North  Branch. 

The  unfavorable  change  in  the  character  of  the  water  in  South 
Branch  is  only  temporary.  The  beginning  of  an  improvement  took 
pla(»e  late  in  the  fall  of  the  year  1899,  when  the  sewage  of  Clinton  and 
the  manufacturing  wastes  of  the  Bigelow  Carpet  Company  were 
diverted  into  newly  constructed  purification  works.  The  completion 
of  Wachusett  reservoir  will  mark  the  end  of  the  operations  which  have 
increased  the  organic  constituents  in  the  river  water  and  South  Branch 
will  be  restored  to  its  former  condition,  or  be  greatly  improved. 
j^Ir.  F.  P.  Stearns,  chief  engineer  of  the  Metropolitan  Sewerage  and 
Water  Hoard,  has  expressed  the  belief  that  the  above  i-esult  will  be 
reached  in  the  fall  of  the  year  1903,  or  early  in  the  spring  of  1904. 

From  lAincaster  to  Xashiidy  X.  H. — We  have  now  traced  the  pol- 
lution in  the  headwaters  of  the  Nashua  branches  down  to  a  point  at 
which  the  main  river  takes  its  origin.  From  this  point  to  Groton  the 
river  flows  very  sluggishly,  and  from  Groton  to  a  point  3  miles  from 
its  confluence  with  the  Merrimac  its  fall  is  more  rapid,  becoming 
([uite  steep  for  the  remainder  of  the  course.  From  Lancaster  to 
Nashua  there  is  no  settlement  contributing  important  pollution.  As 
the  river  sluggishly  winds  along  its  course  it  is  increased  in  flow  by 
other  streams,  notably  the  Squannacook  at  Ayer  and  the  Nissitisset  at 
Pepperell,  so  that  when  it  reaches  the  latter  place  dilution,  sedimenta- 
tion, and  oxidation  have  had  an  effect  which  may  be  readily  seen  by 
examining  the  following  reports  of  analyses: 

Table  22. — AnalyHot  of  ttniter  from  Naahua  River  at  Groton  and  Pepperell. 

[Parte  ])er  million.] 


Date  of  i-ol- 
l*»otion. 


Turbidity. 


o 

•— < 

o 


May  22,1H05. 

Auk.  16,1H9B. 
Sept.21,lH09. 
(X't.  14,1  HUB.. 
Mar.l5.1i«B. 
July  16,1900. 
AuflT.  21,1000. 


Decided 

Slight 

Very  slight 

do 

Decided 

Very  alight 
Slight 


4.0 
2.0 
2.7 
2.4 
4.2 
1.5 
2.8 


Niti-ogen  a»— 


O.IM 
.264 
.230 
.290 
.264 
.200 
.258 


4 

c     . 

CD 

s-l 

n 

$" 

S 

£ 

IS 

9 


525 


z:      I 


u 

o 


0.014 
.116 
.054 
.168 
.332 
.100 
.234 


0.003 
.014 
.012 
.004 
.003 
.005 
.018 


I 


0.170 
.230 
.150 
.080 
.110 
.050 
.100  < 


4.0 
7.0 
8.2 
9.7 
6.4 
7.0 
9.2 


. 

«> 

s 

'd 

1 

fl 

3 

t 

0      1    « 

H    m 

48.5     16 

65.0  1  17 

67.5     20 

75.5 

23 

68.5 

23 

60.0 

20 

65.0 

20 

Place  of  collec- 
tion. 


Groton. 
Pepperell. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Flowing  ever  more  swiftly  it  passes  into  the  State  of  Ne^'  Hani|>- 
shire  and  emerges  at  Nashua  in  the  Merrimac.  The  average  of  Vj 
analyses  made  during  the  yeai-s  1887-88  appear  below.  The  samples 
were  taken  at  Mine  Falls,  above  Nashua  pollution. 

Table  23.^Average  of  nineteen  (uudyses  of  tvater  from  Nashua  River  at  Miur 

Falls, 

[Parts  per  million.] 

Turbidity Slight  to  decided. 

Color ..._ - 3.8 

Besidne  on  evaporation _ 45. 8 

Free  ammonia .0*29 

Albmninoid  ammonia _ .187 

Chlorine -. - «2.9 

Nitrates -. .102 

Nitrites - .(m 

OTHER  TRIBUTARIES  OF  THE  MERRIMAC. 

Outside  of  the  State  of  Massachusetts  the  character  of  the  waters 
of  the  Merrimac  drainage  area  is  almost  unknown.  The  New  IIaini>- 
shire  laboratory  of  hygiene  has  not  yet  T)een  established  for  a  time 
sufficient  to  allow  extensive  investigations.  It  is  probable  that  in  due 
time  this  laboratory  will  complete  the  work  which  has  }>een  carried  on 
by  the  State  Board  of  Health  of  Massachusetts. 

Piscaiaquog  and  Conioiook  rivers. — No  analyses  are  available  of 
the  water  of  the  Piscataquog  or  Contotook.  It  is  safe  to  assert  thai 
neither  stream  is  polluted  to  any  extent,  for  there  are  no  inii>ortant 
settlements  in  the  valleys.  The  population  in  the  basin  of  the  Con- 
totook is  only  31.4  per  square  mile. 

Lake  Winnepesaiikee, — The  water  of  Lake  Winnepesaukee  has  been 
analyzed  l)y  the  Massachusetts  State  Board  of  Health  for  the  purpose 
of  determining  its  fitness  jus  a  source  of  supply  for  the  metropolitan 
district.     The  average  is  included  in  Table  7. 

Peviigetvasset  River. — The  Pemigewasset  Valley,  which  lies  at  the 
head  of  the  Merrimac  system,  has  a  population  of  17  per  square  mile. 
No  sewerage  systems  enter  the  river,  nor  are  there  an}^  large  centers 
of  population.  The  supply  of  water  to  the  Merrimac  is  therefore  pure 
and  abundant.  The  only  available  analysis  has  been  kindly  furnished 
by  Mr.  H.  E.  Barnard,  chemist  of  the  New  Hampshire  laboratory  of 
hygiene.  The  place  of  collection  was  at  Campton  Village,  at  the 
extreme  southern  end  of  the  basin.  It  thei^efore  fairly  represents  the 
character  of  the  water  furnished  by  the  Pemigewasset  drainage  area 
to  the  Merrimac. 


a  Chlorine  1.4  above  normal. 
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Ta3LA  34. — Analysis  of  toater  from  Pemigewasset  River  at  Campion ,  N.  H, 

[Parts  per  million.] 


A.ppearance. 


Ammonia. 


Turljidity.      Color. 


Total 
reeddae' 
on     I 
evapo- '   „ 
ration.    Free. 


Nitrogen  as — 


None 


4.0 


34 


0.016 


Albuminoid. 


Chlo- 
rine. 


Total. 


0.094 


Dis- 
solved. 


Sus- 
pend- 
ed. 


Ni- 
trates. 


0.687  :  0.100 


Ni- 
trites. 


Hard- 
ness. 


0.100 


POLLUTION  OF  MERRIMAC  RIVER  AT  MANCHESTER,  NASHUA, 

LOWELL,  LAWRENCE,  AND  HAVERHILL. 

Having  considered  the  charjicteri sties  of  the  water  in  the  tributaries 
w^hich  have  received  attention  from  analyses,  let  us  review  the  work 
^whicli  has  been  done  in  the  Merrimac  proper  and  show,  as  closely  as 
possible  with  the  data  at  hand,  how  each  tributary  affects  the  river; 
also  the  changes  due  to  the  extensive  pollution  which  arises  from  the 
cities  along  the  bank. 

Jifanchester, — We  liave  said  that  the  upper  part  of  the  Merrimac 
area  is  sparsely  settled,  and  that  such  analyses  as  are  available  show 
tliat  the  water  is  pure.  From  the  Contotook,  Pemigewasset,  and 
Winnepesaukee  drainage  basins  there  is  delivered  into  the  Merrimac 
a  great  volume  of  water,  which  is  increased  by  the  numerous  smaller 
tributaries  which  enter  all  along  the  course.  It  is  not  likely  that  it 
clianges  greatly  in  character  until  it  reaches  Manchester,  N.  H.,  an 
inii>ortant  manufacturing  city  of  5(3,087  inhabitants.  Sewage  and 
manufacturing  wastes  are  poured  directly  into  the  river,  and,  although 
there  are  at  hand  no  analyses  to  show  the  exact  condition  of  the  wate  , 
it  is  certain  that  the  change  is  marked. 

Ncushua. — Sixteen  miles  below,  at  the  city  of  Nashua,  a  series  of 
analyses  has  l>een  furnished  by  Mr.  l^arnard  which  shows  the  effect 
of  Maiichester  pollution  after  it  has  been  carried  along  for  the  above 
distance.  It  is  at  this  point  that  the  abundant  flow  of  Nashua  River 
enters  the  Merrimac,  dilutes  still  further  the  Manchester  pollution, 
and  renders  the  sewage  from  Nashua,  a  city  of  23,898  inhabitants, 
less  damaging  than  it  would  be  under  conditions  not  so  favorable. 

TABL.B  25. — Average  of  nineteen  analyses  of  water  from  Merrimac  River  at 

Nashua, 
[Parts  per  million.] 


Appearance. 

Total 
residne 

on 
evapo- 
ration. 

50.1 

Ammonia. 

Chlo- 
rine. 

1.5 

Turbidity. 

Color. 

Free. 
0.014 

All 
Total. 

0. 153 

[jnminoi 

Dis- 
solved. 

d. 

Sus- 
pend- 
ed. 

SUght 

3.4 

Nitrog 

en  as  -  - 

Ni- 
trates. 

Ni- 
trites. 

Hard- 
ness. 

r 
1 

0. 074     0. 002 

6.0 
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Lowell. — Lea  vine:  Nashua,  the  river  crosses  the  State  line,  and  when 
it  reaches  a  point  opposite  the  old  water  intake  at  Lowell  it  is  of  a 
quality  shown  in  the  following  analysis: 

TabLiE  26. — Andlyses  of  laiter  from  MerHniac  River  nlnwe  lAttrrU, 
[Average)  by  yearn,  monthly  samples.    Parts  per  million.] 


Years. 


Nitrog 

enas— 

1 

Color. 

Albumi- 
noid am- 
monia. 

Free  am- 
monia. 

0.016 

1 

,  Nitrites. 

0.002 

Nitrates. 

Chlo- 
rine. 

Total 
:  residue. 

Hard- 
ness. 

3.0 

0.148 

0.099 

1.6 

34.2 

2.8 

.149 

.018 

.002 

.  071 

1.4 

29.5 

1 

3.0 

.128 

.014 

.001 

.111 

1.3 

35.7  1 

1 

14 

2.9 

.129 

.017 

.001 

.137 

1.3 

34.3  ' 

12 

3.9 

.141 

.021 

.001 

.092 

1.4 

36.1  ' 

13 

3.3 

.149 

.026 

.001 

.082 

1.0 

83. 9 

11 

3. 5 

.135 

.024 

.001 

.063 

1.8 

35. 5 

11 

4.1 

.187 

.029 

.001 

.066 

2.1 

38.4 

{'I 

4.0 

.167 

.024 

.001 

.070 

1.7 

34.7 

10 

5.1 

.177 

.030 

.001 

.067 

1.5 

35.4 

10 

4.2 

.173 

.026 

.001 

.048 

1.7 

35.3 

10 

2.7 

.287 

.  050 

.002 

.060 

1.8 

36.0 

1 

9 

2.7 

.297 

.  052 

.002 

.047 

1.9 

3.5.5  1 

1 

11 

1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 


The  water  represented  in  the  series  of  analyses  above  set  forth  was 
forhierly  used  in  its  raw  state  as  the  principal  water  supply  for  the 
city  of  Lowell.  The  history  of  thrtt  municipality  during  this  periiMl 
furnishes  to  the  world  one  of  the  clearest  illustrations  of  the  cost  of 
water  pollution  extant,  and  it  stands  among  epidemiologists  as  one 
of  the  classical  examples  of  disease  production  through  polluted  wat**r 
supply.  No  history  of  typhoid  fever  is  complete  without  an  account 
of  the  Lowell  epidemic.  For  years  the  typhoid  rate  was  abnormal, 
but  little  attention  was  given  to  it  until  the  year  1890,  when  there 
occurred  from  September  of  that  year  to  January,  1891,  a  series  of 
550  cases.  Prof.  William  T.  Sedgwick,  in  a  remarkable  investigation, 
traced  the  origin  of  the  epidemic  to  a  few  individuals  who,  while  in 
the  prodromal  stage  of  typhoid  fever,  had  polluted  a  small  brook  which 
enters  the  Merrimac  a  short  distance  above  Lowell. 

The  pecuniary  damage  caused  by  polluted  water  throughout  all  the 
years  in  which  the  Merrimac  was  used  as  a  source  of  supply  will  never 
be  even  approximately  estimated.  In  the  epidemic  of  1890  alone 
there  was  a  loss  of  92  lives.  In  addition  to  this  there  was  the  expense 
incident  to  the  care  of  550  cases  of  the  disease  and  the  temporary  loss 
of  productiveness  of  all  those  who  escaped  death.    The  greater  part 
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of  tliis  drain  upon  the  resources  of  the  community  was  without  a 
shade  of  justification;  it  might  have  been  prevented  by  the  exercise 
of  municipal  decency.  After  the  lesson  had  been  learned,  the  city  of 
Txjwell  was  obliged  to  add  to  the  total  expense  by  constructing  a  new 
supply,  the  cost  of  which  will  be  borne  by  generations  yet  unborn. 

As  the  Merrimac  passes  by  Lowell  its  burden  of  sewage  is  increased 
by  the  addition  of  wastes  from  95,000  persons  and  from  enormous 
mills  and  factories. 

JL^ctivreTK-e.—rFlowing  9  miles  farther  the  river  reaches  the  city  of 
I^an^'rence,  and  there,  opposite  the  intake  of  the  works,  the  water  has 
a  character  denoted  by  the  following  series  of  annual  averages,  each 
average  being  the  result  of  monthly  analyses: 

Table  27. — Analysen  of  water  from  Merrinutc  Rwer  above  Lauyrence. 

« 

[Parts  per  million.] 


Year 


1888- 
1889. 
1890. 
1891. 
1893. 
1893. 
1894- 
1895. 
1896. 
1897. 
1898- 
1899. 
1900. 


Color. 

Albumi- 
noid am- 

monia. 

3.0 

0.180 

3.0 

.176 

3.3 

.166 

2.7 

.152 

4.8 

.181 

4.2 

.181 

3.7 

.167 

5.1 

.249 

4.2 

.220 

5.6 

.228 

4.5 

.212 

2.9 

.232 

3.0 

.224 

Nitrogen  as— 


Free  am- 
monia. 


0.026 
.030 
.046 
.040 
.042 
.  057 
.062 
.064 
.068 
.049 

r 

.050  ' 

.088 

.089 


NitriteH. 

0.002 
.003 
.001 
.001 
.001 
.002 
.001 
.002 
.003 
.001 
.003 
.003 
.002 


Nitrates. 


0.094 
.072 
.089 
.110 
.105 
.081 
.063 
.071 
.087 
.067 
.058 
.056 
.060 


Chlo- 
rine. 


1.8 
1.7 
1.7 
1.8 
1.8 
2.0 
2.3 
2.8 
2.4 
2.0 
2.2 
2.4 


a.  O 


Total 
residue. 


Hard- 
ness. 


36.8 
30.9 
31.9 
37.9 
41.2 
38.6 
37.0 
43.4 
39.8 
38.4 
39.0 
39.9 
39.6 


16 
13 
14 
11 
12 
14 
12 
11 
11 
10 
11 


The  history  of  the  Lawrence  water  supply  and  the  consequences  of 
its  use  closely  resemble  those  already  described  at  Lowell,  and, 
indeed,  the  account  of  the  events  in  the  two  cities  is  generally  com- 
bined. For  3^ears  the  raw  water  from  the  Merrimac  was  pumped  into 
the  Lawrence  mains.  Following  the  discharge  of  typhoid-infected 
stools  from  the  sewers  at  Lowell  there  arose  a  widespread  epidemic  in 
the  lower  city.  In  Lawrence  the  source  of  supply  was  not  changed, 
but  the  first  sand  filter  in  the  country  was  established  at  a  cost  of 
♦65,000.  Through  this  filter  the  water  of  Lawrence  is  now  drawn  at 
an  annual  expense  of  $8,000  or  $0,000,  the  result  being  that  the 
typhoid-fever  rate  in  the  city  has  been  Qpnsiderably  lowered. 
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A  comparison  of  the  water  after  it  has  been  passed  through  this 
filter  with  that  in  the  river  is  instructive.  For  this  purpoRe  the  fol- 
lowing analyses  are  presented,  each  being  the  average  of  12  monthly 
samples: 

Table  28. — Analyses  of  the  effluent  of  the  Lawrence  filter. 

[Parts  per  million.] 


Color. 

1 
1 

Nitrogen  as- 

Chlo- 
rine. 

Total 
residue. 

Year. 

Albumi- 
noid am- 
monia. 

Free  am- 
monia. 

1 
Nitrites. 

Nitrates. 

Hard- 

1804 

3.9 
5.0 
4.0 
5.6 
4.3 
2.7 
2.8 

0.094 
.108 
.099 
.108 
.090 
.089 
.108 

0.103 
.146 
.121 
.123 
.107 
.087 
.123 

0.002 
.001 
.004 
.002 
.001 
.001 
.001 

0.309 
.274 
.319 
.317 
.324 
.205 
.173 

3.0 
3.1 
2.5 
2.5 
2.6 
2.8 
2.7 

61.0 
59.  5 
54.3 
51.7 
46.6 
44.4 
43.0 

28 

1895 

27 

1896 

24 

1897 

20 

1898 

19 

1899 .-._ 

16 

1900 --.- 

15 

Table  29. — Increase  in  amount  of  impurities  in  Merrimac  River  irater  from  a 

point  above  Lowell  to  Latvrence,  as  determined  by  regular  monthly  examinations 

in  different  years. 

[Parts  per  million.] 


Year. 


Nitrogen  as— 


1887-1889. 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 


Color. 

0.1 

.5 

«.2 


.6 
.9 
.2 
1.1 
.2 
.6 
.3 
.2 
.3 


Albumi- 
noid am- 
monia. 


0. 037 
.028 
.023 
.027 
.032 
.032 
.063  ' 
.053  ' 
.051  I 
.039  ' 
.045 
.027 


Free  am- 
monia 


i  Nitrites. 


1 

0.007 

0.000 

.016 

.000 

.021 

.000 

.019 

.000 

.031 

.001 

.028 

.000 

.022 

.001 

.034 

.002 

.019 

.000 

.024 

.002 

.038 

.001 

.037 

.000 

Nitrates. 

«0. 003 

«.020 

«.030 

«.  0l3 

«.002 

.000 

.005 

.017 

.000 

.010 

«.004 

.011 


Chlorine. 


0.026 
.280 
.350 
.390 
.350 
.490 
.630 
.700 
.500 
.440 
.590 
.550 


2.3 
6.2 
2.9 
4.8 
4.7 
1.5 
5.2 
5.1 
3.0 
3.7 
3.9 
4.1 


2 
1 
0 
0 
1 
1 
2 
1 
1 
1 
0 


a  Decrease. 
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At  Lawrence  the  sewage  from  63,000  persons  and  extensive  manu- 
facturing wastes  are  poured  into  the  Merrimac.  Thence  the  river 
flows  8  miles  to  Haverhill. 

Haverhill, — Abpve  Haverhill  there  were,  from  July  to  November, 
1900,  five  samples  taken,  the  reports  of  analyses  being  as  follows: 

Tabub  30. — Analyses  of  Merrimac  River  water  above  Haverhill, 

[Parts  per  million.] 


Turbidity. 

Color. 

Nitrogen  as— 

Chlorine. 

1 

1 

u 

I 

I>ateof 
collectioii. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

S 

Nitrates. 

1 

1900. 

Jtdy  17 

Slight. .- 

2.3 

0.288 

0.192 

0.004 

0.010 

3.9 

46.5 

13 

Aug.  21  .--- 

Decided - 

1.5 

.316 

.144 

.008 

.050 

3.9 

44.0 

16 

Sept.  18  .... 

Slight... 

1.5 

.828 

.272 

.009 

:020 

4.8 

50.0 

13 

Oct.  30 

....do  _.. 

3.4 
6.5 

.360 
.328 

.296 
.144 

.010 
.003 

.100 
.080 

4.4 
8.3 

4.1 

58.5 
53.0 

14 

Nov.20 

Decided - 

16 

Average.. 

3.0 

.324 

.210 

.007 

.052 

49.4 

14 

Haverhill  sewage  is  discharged  into  the  Merrimac.  This  city  has  a 
population  of  31,175.  Analyses  of  the  water  from  the  river,  collected 
a  short  distance  below  the  city,  are  reported  by  the  State  Board  of 
Health  as  follows: 

Table  31. — Analyses  of  Merrimac  Riv^er  tvater  belotv  Haverhill, 

[Parts  per  million.] 


Date  of 
coUection. 


1900. 

Jnlyl7 

Aug.  21  .... 
Sept.  18-... 

Oct.  13 

Nov.  20 


Average 


Turbidity. 


Slight. . 
Decided 
Slight-  - 
Decided 
...do-- 


Color. 

Nitrogen  as— 

•d 
II 

6 

1 

1   . 

s 

1 

2.0 

0.324 

0.284 

0.007 

0.010 

1.5 

.276 

.220 

.010 

.020 

2.3 

.375 

.265 

.017 

.040 

3.5 

.360 

.264 

.011 

.090 

6.6 

.340 

.136 

.004 

.120 

3.2 

.335 

.311 

.010 

.050 

a 
o 


4.2 
3.7 
5.7 
4.4 
3.2 

4.2 


0 


1 
1 

44.0 
45.0 
55.0 
54.0 
53.5 

50.8 

■ 

14 
17 
16 
11 
14 

12 
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BI/ACKSTONE  RIVEK. 

COURSE,  CHARACTER,  AND  UTILIZATION  OF  THE  STREAM. 

Blaekstoiie  River  is  a  small  stream  which  rises  in  Worcester  Comity, 
Mass.,  and  flows  in  a  southeasterly  direction,  passing  over  the  State 
line  into  Rhode  Island  and  emptying  into  the  Providence  River  at 
Providence.  Its  drainage  area  covers  about  458  square  miles.  At 
the  source  the  elevation  is  438  feet  above  mean  tide  and  as  it«  course 
is  about  43  miles  long  its  fall  must  be  somewhat  more  than  10  feet 
per  mile.  It  is  obvious  that  such  a  river,  so  accessible,  and  in  the 
midst  of  a  populous  country,  must  have  unusual  value  as  a  source  of 
power.  This  fact  has  long  been  recognized  and  the  sti*eam  has  been 
thus  utilized,  the  natural  facilities  being  enhanced  by  the  develop- 
ment of  every  accompaniment  known  to  be  of  use  in  a  river  of  this 
character.  Probably  no  stream  in  the  United  States  has  been  so 
effectively  harnessed  and  brought  into  subjugation;  milldanis  have 
been  erected  at  favorable  i)oints,  compensating  reservoirs  have  l>een 
constructed,  and  ponds  and  lakes  have  been  raised  in  order  that  the 
flow  may  be  regulated  to  meet  the  demands  of  manufacturing.  The 
result  is  that  though  the  river  is  derived  from  a  watershed  which  has 
been  extensively  deforested,  and,  under  ordinary  circumstances  it 
would  be  subject  to  floods  and  variation  in  flow,  its  water  is  seldom 
allowed  to  fall  below  a  certain  minimum  because  of  the  judicious 
management  of  the  conserved  water  during  dry  seasons.  The  great 
resource  of  this  stream  is,  therefore,  it«  water  power,  and  it  has  been 
said  with  authority  that  the  value  of  this  interest  is  proportionately 
greater  than  that  found  in  any  other  stream  in  the  United  States. 

POPULATION  OF  THE  BASIN. 

Population. — The  Blackstone  River  (see  fig.  G)  is  formed  by  the 
junction  of  Kettle  and  Mill  brooks  in  the  southern  part  of  the  city  of 
Worcester.  These  two  brooks  drain  small  parts  of  the  to\^Ti8  of 
Hold  en  and  Leicester,  as  well  as  Worcester.  The  other  Massachusetts 
towns  in  the  basin  are  Auburn,  Millbury,  part  of  Shrewsbur3',  Graf- 
ton, Upton,  Sutton,  Norfchbridge,  llopedale,  Mendon,  Douglass,  Ux- 
bridge,  and  Blackstone,  representing  a  population  of  about  157,000, 
or  604  per  square  mile.  In  the  State  of  Rhode  Island  the  river  drains 
the  municipalities  of  North  Smithfield,  Burrillville,  Gloucester,  Woon- 
socket,  Lincoln,  and  Cumberland,  having  a  combined  population  of 
56,267. 

This  large  population  is  mostly  in  the  northern  part  of  the  drainage 
area,  at  Worcester,  Mass.,  which  has  a  population  of  118,421.  The 
population  per  square  mile  therefore  decreases  as  the  mouth  of  the 
river  is  approached.  This  fact  was  well  expressed  in  the  report  of 
the  Massachusetts  Board  of  Health  in  1890,  as  follows: 
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TAB1.E  33. — PofiitlatioH  in  itminiigf  baxin  of  Blaekntonr  River. 


DnilMge    jPopalatinn, 


2  At  the  fint  briilKe  below  Qnindg- 

amond  village I 

3  At  the  dam  of  the  Cordis  Co.', 

Millbury 

4  At  the  npper  dam  of  the  Calumet  i 

Woolen  Co.,  Uibridge 

5  '  At   the   Middleville  dam.  Black-  I 

6  '  At    the   dam   of    the   Blackatone  I 

Manufacturing  Co.,  Blackstone- 

SiiK'f  the  coUwtioii  of  the  facts  in  the  table  the  city  of  Worcester 
has  grown  faster  than  the  lower  towns  in  the  valley,  making  the  con- 
ditions above  set  forth  even  more  extreme. 


3.  n.— BlackBtoDe  River  draioags  be 
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NORMAL  WATER  IN  THE  BASIN  OF  THE  BLACKSTONK. 

Normal  water  in  the  basin  of  the  Blackstone  has  been  found  at  the 
head  of  Kettle  Brook,  Paxton,  Lynde  Brook  storage  reservoir  in 
Leicester,  and  Tatnuck  Brook  storage  reservoir  in  Holden. 
Table  33. — Analyses  of  normal  water  in  Blaekstone  Basin, 

LTKDE  BROOK  STORAQE  RESERVOIR. 
[Part«  per  million,  aTera^^  by  years.] 


Year. 


1888. 

1889 

1890 

1891. 

1892. 

1893. 

1894. 

1895 

1896. 

1897. 

1898. 

1899. 

1900 


Nitrogen  a»— 


I 


o  tf 


I 

•c 


2.4 

0.151 

0.037 

2.4 

.167 

.030 

2.1 

.132 

.026  1 

2.4 

.126 

.045 

2.5 

.139 

.038 

2.6 

.162 

.036 

3.6 

.139 

.055 

3.2 

.161 

.033 

2.9 

.158 

.035 

4.4 

.191 

.068 

3.1 

.156 

.030 

2.0 

.147 

.030 

2.3 

.176 

.043 

0.001 
.001 
.001 
.001 
.000 
.001 
.000 
.000 
.000 
.001 
.001 
.000 
.000 


I 


0.065 
.053 
.078 
.074 
.105 
.066 
.103 
.116 
.054 
.087 
.059 
.081 
.039 


KENT  RESERVOIR,  KETTLE  BROOK. 


a 


1.4 
1.5 
1.4 
1.2 
1.5 
1.5 
1.8 
2.0 
1.8 
1.8 
2.0 
1.2 
1.4 


3) 

2 

I 


26.4 

25.4 

30.7 

28.3 

29.9 

26.6 

33.7 

36.8  I 

29.5  t 

33.1   1 

32.4  t 

24.9 

29.2 


i 


§ 

& 


9 

8 
6 
12 
12 
8 
8 
8 
4 


1898... 

3.6 

1899 

1900 

1 
2.7 

.  3.2 

1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1895. 
1896. 
1897. 
1898. 
1899. 
1900 


0.176 

0.012 

0.001 

0.042 

1.6 

.239 

.047 

.001 

.037 

1.3 

.213 

.037 

.001 

.064 

1.7 

TATNUCK  BROOK  RESERVOIR. 


1.7 

0.157 

1.9 

.143 

1.7 

.141 

1.7 

.143 

2.0 

.142 

3.5 

.182 

2.0 

.151 

2.1 

.173 

1.7 

.142 

2.1 

.155 

2.2 

.141 

1.1 

.136  1 

1.5 

.186 

0.012 
.003 
.007 
.024 
.012 
.020 
.010 
.012 
.008 
.007 
.006 
.013 
.026 


32.0 
32.5 
32.0 


0.001 

0.043 

1.2 

.001 

.031 

1.2 

.001 

.078 

1.3 

.001 

.077 

1.1 

.000 

.067 

1.2 

.000 

.049 

1.4 

.000 

.032 

1.6 

.000 

.068 

1.8 

.000 

.034 

1.5 

.000 

.054 

1.6 

.000 

.020 

1.6 

.000 

.016 

1.2 

.000 

.023 

1.2 

22.3 
20.4 
26.8 
23.0 
25.2 
24.5 
22.7 
23.3 
20.0 
21.2 
22.4 
20.0 
22.7 


8 
7 
8 


9 

4 
5 
5 
4 
5 
4 
5 
5 
2 
3 


UnOBTON.] 


BLACK8TONE    RIVER. 


68 


POLLUTION  IN  BLACKSTONE  RIVER. 


The  Blackstone  is  the  most  polluted  river  in  New  England;  its 
name  has  become  synonymous  with  filth.  The  headwaters  of  a  river 
system  ai"e  usually  free  from  pollution,  but  in  this  case  the  opposite 
is  true.  The  sewage  from  the  city  of  Worcester  befouls  the  river 
almost  at  its  source,  and  thereafter  throughout  its  whole  extent  the 
Blackstone  is  a  damaged  resource  to  the  countrj\  Such  is  the  accumu- 
lation of  filth  in  the  mill  ponds  that  from  some  of  those  near  Worces- 
ter there  arise  odora  that  are  detrimental  to  comfort  and  realty,  if 
not  to  health.  The  use  of  its  water  in  boilers  has  long  been  aban- 
doned, and  it  can  not  be  used  in  the  manufacture  of  light-colored 
cloths. 

W^arcesier  sewage. — The  sewage  of  Worcester,  consisting  of  the  usual 
city  waste  and  an  enormous  amount  of  manufacturing  refuse,  a  large 
part  of  which  is  acid  from  the  steel  manufactories,  is  turned  from  the 
sewers  into  Mill  Brook.  The  quantity  is  sufficient  at  times  to  give  to 
the  waters  of  the  Blackstone  River  an  acid  reaction. 

The  water  of  Mill  Brook  above  the  point  of  sewage  discharge  has 
not  been  regularly  examined,  but  it  is  known  to  be  of  a  quality  char- 
acteristic of  a  stream  flowing  through  a  country  of  considerable  popu- 
lation, and  approaching  in  some  degree  the  character  of  the  normal 
waters  above  set  forth.  After  being  polluted  with  the  Worcester 
sewage  the  water  of  Mill  Bi'ook  is  of  a  vile  character,  as  is  shown  in  the 
f  ollowi  ng  table  of  averages  of  monthly  analyses  for  the  years  1 888-1900. 

Table  34. — Analyses  of  toater  from  Blackstone  Rii^r  below  mouth  of  Mill  Brook 

and  above  outlet  of  sewage  ivorks, 
[Parts  per  million.] 


Color. 

Albuminoid   ' 
animonia. 

Nitrogen  as— 

1 

1 

Nitrates. 

• 
9 

1 

s 
1 

TeAT. 

6 

e 

k 
1 

1 

s 

i 

1 

1888   

6.4 
7.6 
8.2 
8.0 
7.1 
6.8 
8.6 
8.4 
7.5 
9.4 
5.0 
2.6 
1.8 

1.040 

1.198 

1.024 

1.563 

1.262 

.603 

.570 

.374 

.486 

.533 

.  557 

.  751 

.602 

2.112 

2.841 

1.800 

3.340 

2.530 

1.429 

.739 

.507 

.759 

.  715 

.762 

1.921 

1.141 

0.029 
.024 
.014 
.032 
.061 
.012 
.006 
.007 
.010 
.015 
.011 
.010 
.Oil 

0.370 
.235 
.367 
.333 
.312 
.180 
.195 
.175 
.187 
.151 
.167 
.109 
.102 

12.1 

10.6 

10.3 

17.3 

18.4 

10.4 

8.8 

8.6 

10. 1 

7.7 

8.3 

12.0 

8.3 



1889   

1800.- 

1891   

135. 4 
162.8 
179.5 
171.7 
134.0 
126.9 
176.2 

135. 2 

253. 3 
194.9 

46 

1892  

49 

1893  

45 

1894  

37 

1895  

29 

1896 

1897  -. 

29 
29 

1898 

1899  

35 
97 

1900  

63 
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For  years  the  city  of  Worcester  has  converted  Mill  Brook  into  an 
open  sewer,  and  np  to  Jnne  25,  1890,  the  contents  were  discharged 
directly  into  Blackstone  River.  At  that  time,  however,  a  chemical 
precipitation  works  was  completed  by  the  cit}'^,  and  by  means  of  a 
diverting  dam  the  whole  flow  of  Mill  Brook,  except  during  seasons  of 
freshet,  was  carried  across  to  a  series  of  tanks,  six  in  number,  each 
being  100  feet  long,  6(3.76  feet  wide,  and  7  feet  deep.  The  capacity 
of  these  tanks  for  the  treatment  of  sewage,  according  to  the  process 
adopted,  was  6,000,000  gallons  daily.  In  the  year  1883  ten  more 
tanks  were  added  to  the  original  six,  which  gave  to  the  disposal 
works  a  nominal  capacity  of  15,000,000  gallons  per  day. 

The  treatment  of  sewage  was  first  as  follows:  After  being  screened 
it  was  mixed  with  chemicals,  and,  passing  through  a  mixing  channel, 
it  fell  into  the  precipitation  tanks,  discharging  from  the  fii'st  to  the 
second,  and  so  on  through  the  whole  series,  finally  being  poured  into 
the  Blackstone  River.  The  chemicals  used  were  lime  and  sulphate 
of  alumina,  the  former  being  required  in  large  quantities  when  the 
sewage  was  greatly  impregnated  with  iron.  After  the  enlargement 
of  the  works  in  1803  the  process  was  changed  slightly,  the  object 
being  to  secure  a  more  thorough  mixture  of  chemicals  with  the  sew- 
age before  it  passed  into  the  precipitation  tanks.  During  the  year 
ending  November  30,  1901,  3,564.7  million  gallons  of  sewage  Mrere 
received  at  the  disposal  works,  of  which  3,133.8  million  gallons  were 
treated  chemically  and  the  remainder  used  for  experimental  work  in 
connection  with  new  processes  of  sewage  disposal.  The  total  cost  of 
this  treatment  was  $12.20  per  1,000,000  gallons.  The  chemical  pre- 
cipitation of  sewage  at  Worcester  is  not,  however,  successful  from 
the  standpoint  of  river  purification,  and  very  little  if  any  benefit  has 
been  apparent  in  the  river  throughout  all  the  years  during  which  this 
great  expenditure  has  been  incurred  by  the  city.  Finally  the  legisla- 
ture of  the  State  enacted  a  law  requiring  the  city  to  dispose  of  its 
sewage  by  some  other  method,  and  experiments  are  now  being  con- 
ducted to  determine  a  method  which  will  effect  a  more  satisfactory 
purification  of  Blackstone  River. 

Below  sewage-disposal  ouiht, — The  next  recorded  point  of  examina- 
tion of  the  Blackstone  is  l)elow  the  sewage  precipitation  works.  The 
point  of  collection  of  the  samples  is  nearly  a  mile  below  the  mouth 
of  Mill  Brook  and  a  considerable  distance  below  the  outlet  of  the 
precipitation  works,  so  that  the  efiluent  has  had  ample  opportunity 
to  become  thoroughly  mixed  with  the  river  water.  The  following  is  a 
list  of  annual  averages  of  monthly  examinations  during  the  period 
1888-1900. 
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TAB1.K  35. — AimlyHeaofwaterofBlavkHtone  River  Inflow  Worcester  seuTage-disposal 

outlet. 

[Parts  Iier  milliozk.] 


Year, 


o 

O 


a  . 


d 


9  o 


a8— 

• 

2 

1 

■c 

1 
1 

S 

t 

0 

3 

o 

S 

Jz; 

o 

H 

'd 


1888 

■ 
6.4 

7.6 
7.4 

8.0 

1.040 
1.198 
1.177 
1.303 

2.122 
2.894 
2.253 
4.080 

1 

'     0. 029 

.024 

.016 

'       .  031 

1 

0.370 
.235 
.381 
.  358 

12.1 
10.6 
12.6 
19.1 

! 

1880. __• 

1890 

156. 2 

1891 -. 

46 

1892 

5.3 

1.442 

3.6;^^ 

.033 

.278 

22.1 

193.5 

72 

1893 

7.4 
6.0 

1.447 
1.309 

3. 757 
4.228 

.070 
.047 

.369 
.316 

19.8 
21.3 

256. 5 
257. 5 

74 

1894 --     -. 

79 

1895 

7.9 
4.0 
7.5 

.840 
.930 
.843 

2.298 
2. 645 
2.447 

.040 
.071 
.047 

.347  1 
.356  1 
.300  , 

15.2 
19.1 
13.3 

191.4 

242.8 
199.4  ; 

1 

58 

1896 --- 

83 

1807 

54 

1898 

4.9 
3.0 

.725 
1.337 

2.260 
3.908 

.072 
.  053 

.264 
.176 

13.0 
28.7 

194.1  ; 

324.8 

66 

1809 

120 

1900..    ..- -. 

i.  0 

1.249 

4.430 

.145 

.  110 

21.3 

224.7 

73 

Comparison  of  the  analyses  in  Tables  34  and  35  shows  clearly  that, 
ill  sx)ite  of  the  so-called  sewage  purification  carried  on  at  Worcester 
at  so  great  an  expense,  Blackstone  River  is  in  far  worse  condition 
below  the  sewage  outlet  than  above.  Tlie  amounts  of  free  ammonia, 
nitrites,  and  chlorine  at  the  lower  sampling  point  are  considerably 
greater  than  above  the  outlet  of  the  purification  works.  In  addition 
to  this  there  are  unmistakable  evidences  that  the  amount  of  objec- 
tionable matter  from  the  outlet  is  increasing  from  year  to  year,  while 
the  conditions  above  constantly  improve. 

Uxbridije, — Again  there  api)ears  a  record  of  examinations  of  sam- 
ples taken  from  the  river  at  the  upper  dam  of  the  C^alumet  Woolen 
Company  at  Uxbridge,  17  miles  below  the  city  of  Worcester.  The 
analyses  were  made  monthly  during  the  i)eriod  1888-1000,  but  in  Table 
o(>  the  results  are  made  up  into  yearly  averages,  as  in  the  preceding 
tabU*s,  34  and  35. 
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Table  36. — Analyses  of  water  from  Blackstone  River  at  Uacbridge. 

[Parte  per  million.] 


Year. 


o 


1888 4.5 

1889 !  2.8 

1890 ...-  2.5 

1891_ 2.7 

1892.... I  2.1 

1893 !  4.0 

1894... '  5.1 

1895 J  6.4 

1896.. i  4.2 

1897 5.9 

1898 5.8 

1899 .--.'  2.6 

1900 I  2.7 


1 

Nitrog 

on  as — 

Chlorine. 

'     2, 
0.2B4 

i 
1 

0.979 

1 

1 
1 

0.322 

0.008 

6.1 

.300 

.992 

.009 

.253 

6.0 

.214 

1.168 

.006 

.272 

6.6 

.272 

1.674 

.008 

.396 

7.7 

.222 

2.113 

.007 

.326 

8.2 

.256 

1.603 

.029 

.424 

10.0 

.242 

1.372 

.032 

.460 

12.2 

.  315 

1.081 

.037 

.439 

10.5 

.308 

1.209 

.054 

.405 

10.9 

.298 

1.126 

.035 

.481 

10.4 

.  305 

.818 

.046 

.360 

8.4 

.374 

2.298 

.078 

.331 

15.9 

.  351 

2.122 

.039 

.359 

13.8 

O 


83.2 
85.9 
94.5 

108.0 
105.6 
107.7 
103.1 
87.2 
140.6 
114.3 


38 
28 
32 
40 
39 
42 
38 
32 
56 
42 


It  will  be  seeu  thai  sediinentation,  dilution,  and  oxidation  have 
worked  improveiuent  iu  the  water  by  the  time  it  has  traversed  the  17 
miles,  although  tlie  process  during  late  years  does  not  apx>ear  to  be 
as  effective  as  formerly.  It  requires  only  a  glance  to  perceive  that 
the  pollution  of  the  Blackstone  is  still  enormous.  Be  it  remembered, 
too,  that,  apart  from  the  pollution  at  Worcester,  the  numerous  mills 
along  the  course  of  the  stream  and  the  large  number  of  employees 
there  engaged  contribute  a  great  quantity  of  sewage  and  foul  indus- 
trial waste,  which  of  itself  would  be  damaging  to  the  river.  There- 
fore the  comparison  of  the  two  sets  of  analyses  above  giv^en  does  not 
furnish  an  idea  of  the  normal  self -purifying  ability  of  the  river,  for 
it  is  more  than  i)robable  that  there  would  appear  a  greater  decrease 
in  the  amount  of  organic  matter  if  it  were  not  for  the  const^int  intro- 
duction of  new  pollution. 

At  Mill V ill e. — Down  the  river,  nearly  to  the  State  line  at  Millville, 
town  of  Blackstone,  a  series  of  analyses  similar  to  the  one  at  Uxbrid^e 
has  been  carried  on  for  thirteen  years.  This  point  is  24  miles  from 
the  Worcester  outlet  and  the  water  is  not  objectionable  in  odor. 
Still,  as  the  following  analyses  show,  the  water  is  polluted. 
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Table  37. — Analyses  of  water  fro7n  Blackstone  River  at  Millville. 

r  Ayerage  by  years,  in  parts  -per  milliun.] 


Year. 


1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 


Color. 


4.7 
3.8 
3.4 
3.3 
3.5 
4.0 
4.9 
5.8 
4.0 
5.3 
5.5 
3.8 
3.6 


Nitrogen  as — 


Albumi- 
noid am- 
monia. 


Free  am- 
monia. 


0.353 
.377 
.311 
.393 
.349 
.388 
.319 
.353 
.348 
.363 
.356 
.367 
.388 


Jn  RJuxle  Island, — As  Blackstone  River  passes  out  of  the  State  of 
Massachusetts,  it  comes  within  the  polluting  influence  of  Woousocket, 
R.  I.,  a  city  of  28,()00  inhabitants,  situated  a  short  distance  south  of 
the  State  line.  From  this  point  to  its  outlet  in  Providence  it  flows 
through  a  thickly  settled  country,  which,  while  it  contributes  no  large 
amount  of  raw  sewage  to  the  river,  does  not,  nevertheless,  permit  so 
extensive  a  purification  of  its  water  as  might  be  effected  in  a  country 
having  a  smaller  population. 

The  State  of  Rhode  Island,  through  its  board  of  health,  has 
attempted  to  supplement  the  M^issachusetts  work  by  making  peri- 
odical analyses  of  the  water  of  the  river  at  two  different  points — one 
at  Albion,  a  short  distance  below  Woonsocket,  and  the  other  at 
Valley  Falls,  nearer  Providence.  The  results  of  these  analyses  are 
given  in  Table  38. 
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Tablk  88. — Analyses  of  imtter  from  Blackstone  River  at  Albion  aiid  VttUey  F'tills, 

R.  I. 

ALBION. 
[Averiiif:^  by  yeai'H,  in  iMirts  iht  million.] 


• 

Nitrogen  a»— 

Year. 

Albumi- 
noid am- 
monia. 

Fi-ee  am- 
monia. 

NitritwH. 

Nitrates. 

Chlorine. 

Tr>tal 
residue. 

1 

H&rd- 

1894. 

0.285 
.260 

0.156 
.127 

0.040 

0.800 

11.0 

1 

81        j 

21.7 

1895 

.560  '       10.5 

1 

21.8 

1896 

.220 

.204 

.080 

.780  ,           .9 

72 

16.0 

1897 ..-, 

.220 

.228 

.080 

.650  1         7.7 

1 
1 

1 

1 

14.0 

VALLEY  FALLS. 


1894 _..    I  0.261 

1895 '  .201 

I 

1896-. - --,  .200 

1897 .220 


0.117 

0. 070 

.189 

.070 

.196 

.070 

.215 

.040 

0 


824  ' 
500  ' 
070  j 
070 


12.0 

10.8 

.9 

.8 


06.  5 
69.  0 

85.  0 
74.0 


17.6 
22. 4 
IB.O 
15.0 


Tlu5  results  expressed  in  Table  38  do  not  inspire  confidence  in  thoir 
accuracy,  and  it  is  highly  probable  that  the  tables  presented  in  tlii^ 
report  of  the  State  Board  of  Health  for  1897  are  typographically  iueor- 
rect.  On  comparing  the  results  with  those  taken  from  the  Ma.ssachu- 
setts  rei)orts  it  will  be  seen  that  the  nitrites  are  enormously  hi|j^h, 
averaging  greater  than  the  ^amounts  found  below  the  Worcester  sew- 
ago  outlet.  It  is  extremely  unlikely  that  these  results  are  correct, 
because  of  the  fact  tliat  the  water  shows  decided  imx)rovenient.  as  it 
flows  from  Worcester  town  to  the  Rliode  Island  line,  and  soutli  of 
that  there  is  no  in(*rement  of  sewage  which  would  by  any  means  g"ive 
to  the  nitrites  the  enormous  figure  which  appears  in  the  above  analyses. 
The  chlorine  determinations,  too,  show  improbable  fluctuations. 

On  the  other  liand,  the  amounts  of  free  and  albuminoid  ammonia, 
which  would  neci»ssarily  fluctuate  to  some  extent  at  least  witli  the 
nitrites  and  nitrates,  do  not  api)ear  excessive. 

COXNECriCUT    IIIVKU    BASIN. 

NATURAL    RESOURCES. 

Course  and  drdUKUje  area. — The  C'onnecticut  is  the  largest  river 
in  New  England.  From  its  source  in  the  Connecticut  lakes  iu  the 
extreme*  northern  part  of  New  Ilampsliire  to  its  mouth  in  Long  Island 
Sound  the  course  of  the  river  measures  375  miles.  The  drainage 
area  is  long  and  narrow,  being  from  40  to  (K)  miles  in  width  and  covtM*- 
ing  10,l)-*4  square  miles  (see  lig.  7).     The  character  of  the  country 
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varies  from  the  rolling  surface  (common  to  Massachusetts  to  the  hilly 
or  mountainous  country  of  New  Hampshire  and  Vermont.  The  rocks 
are  granite,  gneiss,  syenite,  and  mica,  intersected  by  dikes  of  trap 
and  red  sandstone.  Along  the  course  of  the  river  in  Massachusetts 
and  Connecticut  there  are  rich  alluvial  deposits,  but  for  the  most  part 
the  basin  of  the  Connecticut  is  covered  by  surface  drift.     Lakes  are 

abundant  on  most  of  the 
branches,  and  tlie  flow  of 
the  main  river  is  fairlj' 
steady. 

The  course  of  the  Con- 
necticut is  varied.  From 
its  source  for  a  distance  of 
200  miles  downstream  the 
river  contains  many  falls 
and  rapids,  the  last  one 
being  at  Bellows  Falls,  Vt. 
Below  this  place  the  fall 
in  the  stream  is  much  less, 
yet  the  pitch  is  sufficient 
to  give  the  water  a  fairly 
good  flow.  Throughout  the 
extent  of  the  river  below 
Bellows  Falls  the  course  of 
the  river  is  broken  by  falls 
ill  three  places,  Turners 
Falls  and  Ilolyoke,  Mass., 
and  Windsor  Locks,  Conn. 
Tlie  power  developed  at 
Ilolyoke  is  the  largest  in 
the  country,  except  that  at 
N  iagara. 

Trarifiijoriation.  — The 
river  has  considerable  im- 
portance in  the  lower  end 
as  a  means  of  transporta- 
ti(m.  Navigation  extends 
30  miles  from  the  mouth 
up  to  Hartford,  and  small 
boats  may  ascend,  by 
means  of  Windsor  Locks,  as  far  as  Ilolyoke.  Travel,  however,  above 
Hartford  is  insignificant,  while  even  in  the  lower  stream  large  vessels 
have  difficulty  in  low  tide. 

Power. — As  a  source  of  power  the  value  of  the  Connecticut  is  enor- 
mous. The  main  river,  with  a  total  fall  of  2,038  feet,  has  been  largely 
utilized,  but  there  remain  possibilities  for  further  development  which, 
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if  advantage  were  taken  of  them,  would  make  the  Connecticut  one 
of  the  most  valuable  streams  in  the  world.  The  tributaries  have 
been  developed  extensively,  and  the  |)ossibilities  for  the  future  are 
promising. 

In  the  following  table,  taken  from  Water-Supply  and  Irrigation 
Paper  No.  44,  there  is  presenter!  a  detailed  statement  of  the  altitude 
and  fall  per  mile  at  different  points  along  the  river: 

Table  l\9. — Fall  of  Connect iciit  Riper. 


Ixxtiility 


Moiith 

Hartford 

Foot  of  Enfield  Rapids  .    . 
Top  (»f  Enfield  dam  __.... 

Top  of  Kolyoke  daui. 

Fit<^hbnrg  Railroad  crossing 
Top  of  Turners  Falls  dam .      . . 
Month  of  Ashnelot  River    .   . . 

Westmoreland  _  _  _ 

Foot  of  Bellows  Falls. 

Hea<l  of  Bellows  Falls 

Beaver  Meadows,  Charlestown 

Windsor 

White  liiver  Junction 

Led  yard  b^idK(^  Hanover  .  . 

Oxford -  - 

Wells  River 

Foot  of  Mclnd<x^s  Falls  . 

Lower  Waterford 

Head  of  Fifteenmile  Falls  .    . 

North  Stratford 

West  Ste  warts  txnvn 

Connet^ticut  Lake. 

Second  Lake ...    . 

Third  Lake 


Distance 

from 
mouth. 


0 
50 
60 
66 
84 
115 
120 
136 
159 
170 
170 
181 
196 
209 
213 
230 
255 
262 
273 
285 
312 
344 
361 
369 
375 


Height 
ahove 


Fert. 

0 

0 

6 

38 

98 

109 

173 

206 

219 

234 

283 

289 

304 

339 

375 

380 

407 

432 

643 

830 

885 

1,035 

1,618 

1,882 

2,038 


PaUper 
mile. 


F'rrt. 


0.6 

5.;J 

3.3 


ia.8 

2.1 

.6 
1.4 

.  o 

1.0 

2.7 

9.0 

.3 

1.1 

3.6 

19.2 

15.6 

2.0 

4.7 

34.3 

15.5 

26.0 


The  following  table  contains  a  statement  of  the  total  utilized  horHo- 
I)owor  and  the  drainage  area  of  the  most  imi)ortant  tributaries  of  the 
Connecticut. 
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Table  40. — Draiiiage  area  and  utilized  horsepower  on  the  Connecticut  River 

tributaries. 


Tributary. 


Horse- 
power 
ntilissed. 


Salmon  River 

Hockanum  River  . . 

Little  River 

Fannington  River  . 

Scantic  River 

Westfield  River 

Chicopee  River 

Mill  River 

Deerfield  River 

Millers  River _ 

Ashuelot  River 

West  River 

WiUiams  River 

Black  River 

Snprar  River 


1,432 
3, 9.57 

555 
8,  a56 
1,122 
3, 910 
4,044 
1,161 
4, 352 
8,172 
3, 964 
1,947 

361 
2, 132 
3,176 


Dramagre 
area. 


S*</.  miles. 

150 

79 

76 

.  584 

118 

514 

706 

58 

646 

369 

422 

363 

103 

152 


975 


Tributary. 


Horse- 

pewer 

utilized. 


Drainage 
area. 


Ottaquechee  River.  - . 

Mascomy  River 

White  River. 

OmpomponoosTic 

River 

Waits  River 

Lower  AmmonooBnc 

River 

Wells  River 

Passumsic  River 

Johns  River . 

Israels  River 

Upper  Ainmonoosuc  ; 

River 

Niilhegan  River 


1,723 
1,576 
2,714 

493 
596 


Sq.  miles. 

192 
190 
623 

123 
156 


2,526 

388 

628 

04 

4,724 

485 

168 

86 

974 

129 

548 

252 

240 

132 

FLOW. 

The  flow  of  the  river  has  l>een  carefully  meiisiired  and  a  coiK^ise 
statement  appears  in  Part  IV  of  the  Twentieth  Annual  Report  of  the 
United  States  Geoloj^^ical  Survey,  page  47. 

TABI..E  41. — Flow  of  the  Connecticut  Rwer  at  Hohjoke  during  the  yearn  lS<S(f-lS'JS, 

inclusive. 

[Drainago  area,  8,66()  Fquare  mileH.] 


Year. 


Maxi- 
mum. 


1880 - 

1881 -- 

1882- - ---- 

1883 --- 

1884 I  71,900 

63, 950 
80. 150 
85, 500 
99, 750 
37, 650 
46, 750 


.Sec.-/t. 

44,100 
49,050  i 
45,000  : 
68,300  ' 


1885. 
1886- 
1887- 
1888_ 
1889_ 
1890. 


Mini- 
mum. 

Mean. 

Ru 

Svr.'ft. 

Sec. -ft. 

Sec.-/t. 
persq.  mi 

300 

8,  343 

0.96 

150 

9,818 

1.13 

250 

10,018 

1.14 

250 

8,107 

.94 

500 

13, 084 

1 .  51 

2, 950 

12,635 

1.46 

550 

11,387 

1.31 

3,300 

14,329 

1.65 

1,100 

17,320 

2.00 

1 ,  350 

13, 903 

1.59 

550 

15,556 

1.78 

Inches. 
12.89 

15. 53 
15.40 
12.70 
20.46 
19.65 
17.73 
21.32 
27. 15 
21.50 
24.12 
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Table  41. — Flow  of  the  Conneciunit  River  at  Holyoke,  etc, — Continued. 


Year. 


Maxi- 
mum. 


Mini- 
miim. 


Sec,-/t.    I    Ser.-ft. 


1891. ....    67.800 

1892 ,68,100 


•'i\  i 


1893 194,850 

1894 [  48,300 

1895... 1115,000 

I 

1896... 'll2,050 

1897 '75,850 

1898 76,150 


Mean. 


I 


900 
1,800 
750 
150  I 
850  I 
450 
1 ,  300 
600 


Ser.-ft. 

18,190 
12.278 
10,295 
8,397 
10, 814 
12,394 
15,378 
18,844 


Run-off. 


I 
Ser.-ft. 
perMj.mi. 

1.51  I 

1.48 

1.19 

.97' 

1.30  ' 

1.48  ' 
1.78 

1.60  I 


7ncJh<j«. 
21 .  4S 
2f).  15 
16.19 
13. 17 
10. 19 
19.41 
24. 17 
21.70 


Water  supply. — Although  a  comparatively  small  part  of  the  drain- 
age area  of  the  C'oniieotieut  lias  been  set  apart  and  clevelojied  as  a  source 
of  water  siipplj',  the  value  of  the  resources  within  itshasin  are  readily 
apparent.  None  of  the  cities  along  the  main  stream  pump  their  suiv 
ply  from  the  river  direct,  but  in  the  areas  of  the  tributaries  numer- 
ous reservoirs  have  been  constructed  from  which  are  obtaine<l  "water 
supplies  of  excellent  quality.  These  will  be  taken  up  in  the  discus- 
sion of  the  different  branches. 

Ice, — The  ice  values  in  the  Connecticut  system  are  extensive.  The 
same  statements  that  were  made  in  connection  with  this  subject  in 
the  discussion  of  the  Merrimac  apply  here.  The  main  river  has  not 
been  used  largely  as  a  source  of  ice  supply.  That  it  would  l>e  more 
acceptable  than  some  rivers,  as  the  Hudson,  Kennebec,  and  Penobscot , 
which  have  l)een  largely  developed  in  this  direction  and  yield  enor- 
mous amounts  annually,  is  very  probable,  yet  it  is  the  practice  of  the 
consumers  in  the  Connecticut  Valley  to  refuse  to  accept  ice  from  the 
main  stream.  Therefore  the  small  streams,  ponds,  and  lakes  within 
convenient  distances  from  each  municipality  have  been  utilized. 
There  is  no  estimate  of  the  value  of  the  ice  crop  in  the  Connecticut 
basin. 

Character  of  water. — The  character  of  water  in  the  main  river  is 
of  course  largely  determined  bj'  that  from  the  tributaries  feeding  it, 
and  as  the  water  in  the  latter  varies  widely  in  different  regions,  that 
in  the  C^onnecticut  proper  is  dependent  upon  the  distance  of  a  given 
sampling  point  from  the  confluence  of  a  normal  or  a  polluted  branch. 
Below  the  entrance  of  a  tributary  loaded  with  sewage  and  manufne- 
turing  wastes  the  condition  of  the  water  is  inferior  to  that  at  a  point 
where  it  has  been  diluted  b}'  an  influx  of  plire  water  from  an  unpol- 
lutiCd  tributary. 

Little  or  no  attention  has  been  given  to  the  tributaries  entering 
the  main  artery  above  the  Massachusetts  State  line,  and  the  liighest 
branch  concerning  which  we  have  information  is  Millers  River. 
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MILLERS  RIVER. 

Millers  River  (see  flg.  S)  enters  the  Clcmnectieut  from  the  east  at  a 
point  in  Massachusetts  about  10  miles  south  of  the  New  Hampshire 
line.  Ita  basin  adjoins  that  of  the  Chicopee  on  the  south  and  extends 
ovor  ioto  the  State  of  New  Hampshire  on  the  north,  covering  about 
305  square  miles.  The  drainage  area  is  hilly,  espc^eially  near  the 
river's  confluence  with  the  Connoeticut,  but  farther  back  there  are 
largo  areas  of  flat  hind.  Lakes  and  ponds  are  plentiful,  having  a 
total  urea  of  3,300  acres. 

The  flow  of  the  river  is  vciy  stea*ly  and  its  consequent  value  as  a 
jKiwer  stream  is  large.  From  Winehendon,  near  its  headwaters,  to 
its  mouth  there  is  a  fall  of  TTH  feet,  thedistance  being  not  mom  than 
30  miles.     All  of  this  fall  is  not  available  for  development,  however. 


Flu.  K— Millore  River  dralnsKe  luialri, 

as  tho  course  of  the  river  for  considerable  distances  partakes  of  the 
nature  of  a  ravine;  the  l)anks  ai-e  high  and  steep  and  little  oppor- 
tunity is  afforded  for  the  establishment  of  mills.  The  only  available 
flow  meftsnremenls  are  those  made  during  October,  November,  and 
I)eeeml)er,  1S87,  at  the  dam  of  the  New  Home  Sewing  Machine  Com- 
pany, at  Orange.  During  this  period  the  average  monthly  flow  varied 
from  1.10  to  1.45  cubic  feet  per  second  per  sqnare  mile.  Tlie  popula- 
tion in  the  basin  of  Millers  River  is  alwut  ftC  per  square  mile.  This, 
however,  do<;s  not  fairly  represent  the  conditions  at  the  upper  end  of 
tho  area,  for  there  the  population  is  extremely  deiLsc,  especially  at 
Gardner.  During  the  decade  lHOO-1000  thei-e  was  a  fair  pereent-age 
of  increase  in  the  towns  drained  by  this  river,  although  it  was  for  the 
most  part  confined  to  Ihc  lowns  of  Gardner,  Athol,  Orange,  and  Win 
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chendon,  while  there  was  a  decrease  in  the  remaining  places.  Water 
supplies  have  been  established  at  the  above-named  places,  w^hile 
sewerage  systems  have  been  laid  at  Orange  and  Gardner.  These 
facts  make  it  patent  that  Millers  River  receives  considerable  pollu- 
tion, and,  as  the  greatest  population  is  near  the  headwaters,  the  river 
is  unfitted  for  several  uses  throughout  its  whole  length. 


NORMAL  WATER  IN  MILLERS  RIVER. 

It  appears  from  the  Massachusetts  map  of  normal  chlorine  that  the 
normal  for  Millers  River  varies  from  0.8  to  1.2  parts  j^er  million,  aver- 
aging about  1.  Reports  of  the  analyses  of  normal  water  are  not  plen- 
tiful for  this  drainage  area,  the  only  one  appearing  in  the  Massachu- 
setts reports  is  of  the  well  at  the  waterworks  at  Winchendon.  This 
and  several  others  in  which  the  amount  of  chlorine  does  not  greatly 
exceed  the  normal  are  reproduced  in  the  following  table: 

Table  42. — Aiuilyses  of  normal  ivater  in  Millers  River  drainage  area. 

[Parts  per  million.] 


o 
0.33 

Amm 

Nitrog 
onia. 

1 

en  as— 

• 
9 

o 

1.1 

1 

0:53 

<x> 

& 

31.4 

1 

11 

>> 

Location. 

1 

5 

5z; 

09 

1 

-4.* 

89     . 

a 

55 

W  ell  in  Winchendon . . 

0.012 

0.004 

0.000 

0.043 

18 

Orange  waterworks  . 

1.6 

.112 

.010 

.000 

.019 

1.3 

30.6 

6 

83 

Athol  waterworks 

6.9 

.342 

.067 

.000 

.049 

1.3 

38.1 

6 

8 

Gardner  waterworks  . 

.7 

.161 

.014 

.  ...     i 

.000 

.  055 

1 

3.3 

30.3 

10 

(«) 

o  Covering  eight  y«»rB. 

The  characteristics  of  the  waters  represented  in  the  foregoing  table 
are  well  shown.  They  are  all  acceptable  for  any  of  the  ordinary 
uses  and  retain  all  the  values  of  natural  waters.  The  first  and  only 
normal  water  in  the  list  is  a  well  water.  That  it  is  a  typical  well 
water  is  shown  by  the  color,  which  is  very  faint,  practically  absent. 
The  low  content  of  free  and  albuminoid  ammonia  is  what  might  be 
demanded  in  a  well  water,  and  the  evidences  of  itiS  condition  are  fur- 
ther borne  out  by  the  absence  of  nitrites. 

The  Athol  and  Orange  waters  are  from  impounding  reservoirs,  and 
therefore  are  largely  made  up  of  surface  drainage.  The  analyses 
show  that  oxidation  had  been  rapid  and  that  the  character  of  the 
water  is  acceptable.  The  chlorine  is  above  the  normal,  not  very  much 
to  1k^  sure,  but  sufficient  to  denote  that  the  drainage  area  of  the  reser- 
voirs has  a  certain  population  which  contributes  sewage  to  the  natural 
drainage,  and  although  its  bad  effects  have  long  since  been  washed 
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away  the  traces  still  remain  and  neither  water  can  be  classed  as 
normal. 

The  analysis  of  the  Gardner  water  is  instructive.  It  is  apparently 
a  water  which  has  at  some  time  been  highly  polluted,  but  which, 
through  filtration,  sedimentation,  etc.,  has  been  reclaimed.  The 
amount  of  chlorine,  3.3  parts  per  million  (the  normal  for  this  country 
l)eing  1.2)  is  unmistakable  evidence  of  past  pollution.  In  the  i)re- 
vious  pa^es  mention  has  been  made  of  waters  which  have  been 
redeemed  from  contamination  by  means  of  artificial  filt-ers,  but  this 
is  the  clearest  case  noted  in  which  the  work  has  Ix^en  d<me  bv  natural 
conditions  only. 

I*art«  of  the  drainage  basin  of  Millers  River  are  thickly  settled, 
which  will  account  for  the  fact  that  none  of  the  surface  waters  thus  far 
anal^'^zed  are  normal.  The  amount  of  chlorine  found  in  asurface  water 
lK*ar8  a  direct  relation  to  the  number  of  persons  dwelling  upon  the 
land  drained  by  that  water.  It  follows,  then,  that  while  it  maj^  be 
impossible  in  a  thickly  settled  country  to  secure  normal  water  in  large 
quantities,  it  is  not  necessarily  impossible  to  so  dispose  of  the  wastes 
from  the  inhabitants  that  the  resulting  surface  water  may  serve  all 
purposes  to  which  normal  waters  are  applicable. 

POLLUTION  IN  MILLERS  RIVER. 

The  wat«r  of  Millers  River  has  been  examined  regularly  by  the 
Massachusetts  State  Board  of  Health  at  a  point  above  Athol,  where 
the  pollution  from  Gardner  and  Winchendon  may  be  detected,  and 
again  at  a  point  below  Orange,  where  the  water  contains  the  pollution 
from  Gardner,  Winchendon,  Athol,  and  Orange.  The  analyses  at 
these  points  are  reported  in  Tables  43  and  44. 

Table  43. — Analyses  of  water  from  Millers  River  nlxn^  Athol, 

[Parts  per  million.] 


Appearance. 

Residue  on 

evajiora- 

tion. 

Free. 

Ammonia. 

Chlorine. 

Nitrogen 
as— 

Oxygen  consumed. 

Date  of 
collec- 
tion. 

Turbidity. 

1 

Sediment. 

1 

1  Color. 

Total. 

Loes  on    igni- 
tion. 

All! 

• 

s 

o 

Dissolved.      B 

Ad. 

i 

a 
1 

Nitrates. 

1 

Nitrites. 

1 
1 

IflOO. 

July  17..- 

V  <»r  y 
slight. 

Very 
slight. 

6.1 

36.0 

15.0 

0.072 

0.264 

0.240 

0.024 

2.0 

0.010 

0.000 

8.1 

5 

Ang.21  --- 

Decided 

Consid- 
erable. 

7.K     51.0 

1 

21.0 

Am 

.480 

.344 

.136 

1.2 

.m 

.004 

10.3 

U 

Sept.  19... 

....do... 

....do... 

7.0  '  M.5 

17.5 

.020 

.775 

.288 

.507 

1.4 

.100 

.002 

0.7 

11 

Oct.  16 

Very 
slight. 

Very 
slight. 

8.7     64.5 

24.0 

.04« 

.arx) 

.284 

.016 

1.9 

.110 

.oa) 

12.5     18 

NoT.aO... 

Slight.. 

....do... 

7.2     53.0 

17.0 

.028 

.360  •  .2rM 

.156 

1.9 

.120 

.000 

10.9     14 

Dec.  20...- 

Very 
slight. 



Consid-  '  5.0 
erable. 

37.5 

15.0 

.018 

.318 
.416 

.416 

.160 
.250 

.158 

1.2 
1.6 

.100 

.000 

7.5 

16 
12 

Avera^e 

7.0 

51.1     1H.2 

1 

jrm 

Am 

.078 

.001 

9.3 

7fi 
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TABI4B  44. — Aiialynes  of  water  from  Millers  River  Ih'Iow  Orange. 

[PartB  per  million.] 


Date  f>f  colkx*- 
tion. 


1900. 

Juiy24 

Auj^TiBt  22 

September  21  _ 
Octolier  24  . . . 
November  20. 
Deceml>er  24  . 


Averaj?e. 


Turbidity 


Slight 

Very  slight. 

do 

do-... 

do  .... 

Decided 


TS     . 

"S.S 

p  0 

u 

|l 

0 

1-* 

£3 

0 

^  * 

0 

< 

- 

Nitrogren  aw— 


o 

a 

0Sw4 


5.9  0.292  0.064   0.002 


7.0 
5.4 
9.0 
9.5 
6.0 


I 


.292  '  .046     .001 


.240 
,376 
.2S4 


.060 
.064 
.  056 


.001 
.002 
.001 


.260  I  .124  1  .000 


♦J      I 


5?5 


a      ' 


0.010 
.  050 
.040 
.030 
.060 
.130 


7.1  ■  .291  '  .069     .001   ,  .053 


2.4 
2.1 
2.6 
2.6 
2.1 

2.4 


2. 8      35.  O 


43.  r> 

43.0 
55.  5 
45.0 
45.  0 


44.5 


X 
T 


6 
6 

n 
11 

6 


DEERFIELD  RIVER. 

The  Doerfield  is  the  second  largest  tributary  of  the  Connecticut. 
It  rises  in  southern  V(*rmont,  crosses  the  Massachusetts  State  line, 
and,  a  few  miles  across,  turns  eastward  and  enters  the  Connecticut 
about  7  miles  below  the  mouth  of  Millei-s  River.  The  river  htis  be<Mi 
little  developed,  and  for  the  most  of  its  length  runs  wild  and  free. 
There  are  many  good  and  available  power  privileges,  the  slope  is  rapid, 
and  the  country  is  conveniently  traversed  by  railroads,  yet  vory  few 
industries  have  been  established  in  it.  The  elevation  of  the  Deerfield 
at  Readsboro,  Vt.,  at  the  mouth  of  the  West  Hi*anch,  is  1,154  feet, 
while  42  miles  below,  at  its  mouth,  its  elevation  is  about  120  feet. 
There  is  practically  no  storage  upon  the  drainage  area  in  Massachu- 
setts and  very  little  in  Vermont,  therefore  the  flow  is  variable.  In 
manj'  places  where  power  sites  are  otherwise  excellent  the  valleys  ai^e 
too  narrow  for  the  location  of  mills.  The  river  drains  056  square 
miles. 

The  total  population  of  the  basin  is  about  24,400,  or  approximately 
37  X)er  square  mile.  There  is  no  important  city  within  the  watershed. 
Garfield,  with  a  population  of  7,927,  is  the  larjijest  place,  but  it.  is  at 
the  mouth  of  the  Deerfield,  and  is  also  drained  by  the  Connecticut 
itself.  Shelburne  and  Colerain  are  next  in  size,  with  1,508  and  1,740 
inhabitants,  respective! 3^  Shelburne  Falls  is  the  only  manufacturing 
town  in  the  drainage  area,  although  there  are  powers  developed  at 
Iloosac  and  Readsboro.  There  are  no  sewerage  systems  in  the  basin, 
the  country  is  not  highly  fertile,  and  these  facts,  taken  together  with 
the  sparse  population,  indicate  clearly  the  character  of  the  water. 
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The  Deer  field  is,  in  effect,  anotlier  river  system  which  has  been  i)re- 
servod  in  practically  its  origin  \l  condition,  with  all  its  normal  resources 
unaffected. 

Few  analyses  are  available*  to  show  the  character  of  the  water  of 
the  J>eerfield.     These  are  included  in  Table  45. 

Table  45. — Aruilyses  of  trater  from  Deerfield  River  at  various  jMinttt. 

.  [Parts  iwr  million.] 


NitroK**!! 

•o 

c        1 

>. 

'is 

a 

X. 

-■-< 

S 

X 

s 
H 

Albumii 
ammon 

p  1 

1 

1 

one 

0.(W:; 

U.(K24       ( 

V 

ery»lii<ht 

.130 

.mi , 

:j 

_  —  - 

..do 

:j.7 

.110 

.OIH 

4 

-  M  * 

..do 

.8» 

Am 

.011 

5 

3.2 

.(154 

.la) 

Am  1 

y\ 

.008 

1 

r. 

^ 

'E 

0.000 
.000 

.aio 

.(XX) 
.(XX) 
.(XX) 


■♦^ 

'A 

0.  i:«) 
.oa) 

.  130 

.1(J0 

^  .1(8 

.OUT 


-S 
"E 

c 

w 


0.5 
1.1 


1) 

IP 


ee 

4-1 

o 


38.0 
29.0 
28.5 
4«.0 


a 


Place  of  collection. 


1.0     40.1 
1.0    :«.o 


o 
2t 

28 
17 


Aljove  Reaclsboro. 

Monroe. 

Florida. 

Colerain. 

Ley den. 

AIk)vo  Sholburiie  Falls. 


Comment  on  the  results  set  down  in  Table  45  seems  unnecessary. 
The  waters  there  represented  are  practically  normal,  the  evidence  of 
sewage  pollution  being  very  faint  and  the  j)olluting  substances  having 
been  practically  all  reduced  to  inorganic  matter. 

CHICOPEE  RIVER. 

The  Chicopee  is  formed  at  Three  Rivers  by  the  union  of  the  Quaboag, 
Ware,  and  Swift  rivers.  The  Quaboag  is  the  most  southerly,  and 
drains  210  square  miles;  the  Ware  drains  214  square  miles,  while  the 
basin  of  the  Swift  covers  211i  square  miles.  The  total  discharge  aver- 
{ig<*s  001)  cubic  feet  per  second. 

DntitKuje  area. — The  drainage  area  of  the  Chicopee  (see  fig.  If)  is 
larger  than  that  of  any  other  tributary  of  the  Connecticut,  comprising 
700  s<iuare  miles  in  central  and  southern  Massachusetts,  and  occupy- 
ing large  portions  of  Worcester,  Franklin,  Hampshire,  and  Hampden 
counties.  The  country  is  fairly  prosi)erous,  and  has  constantly 
increaned  in  population  since  the  middle  of  the  last  century.  During 
rec€»nt  decades  this  increase  has  been  confined  to  the  cities  and  large 
villages,  the  rural  population  having  decreased  considerably.  The 
country  is  very  accessible,  being  traversed  by  excellent  railroad  sj-'s- 
tiMus,  which  have  been  of  value  to  the  power  facilities  of  the  river. 
It  is  hilly,  with  open  valleys,  the  soil  being  i^rincipally  bed  gravel 
crossed  by  ledges  of  red  sandstone,  which  form  numerous  falls  in  the 
rivei's  that  flow  through  the  district.  The  sh)peof  the  rivers  through- 
out the  whole  system  averages  15  feet  per  mile,  but  the  maximum  for 
certain  sections  is  far  greater  than  tliis. 
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Pondarje. — There  are  in  the  basin  many  iialiirai  reservoirs,  which 
serve  to  maintain  comprtratively  steady  flow  in  tlie  streams.     There 


is  also  considerable  nwanip  land,  OHpewially  along  the  (Juaboag:  River, 
which  materially  assists  in  the  maintenanoe  of  a  uniform  i-ato  of  flow. 

Tabi.k  4(1. — I'rini-ijial  jxnutH  in  liasin  11/  Chiroptv  Ritvr. 

Lot'sUtf .  I  Nmne  ot  uunil. 


Prescott 

New  Boleui. . 


PeterBhaiii  . 


Thomi)Bon8  Pond  _ .  . . 

Curtis  Poml 

Luce  Pond 

West  Pond_ _, 

ReBervoir(ni>iiame  given) 
NecseponBett  Pond  ,. 


LiEIOHTOlV.] 


CONNECTICUT   BIVEB   BASIN. 


79 


Table  46. — Principal  ponds  in  hamii  of  Chicopee  River — Continued. 


Locality. 

Name  of  pond. 

'                       .... 
Area.       Tribatary  to  what  stream. 

Green^vvich 

Davis  Pond  _ 

Acres. 
100 

160 
202 

130 
90 

160 
238 
202 
200 
135 
160 
138 
f        94 

1         '^^ 
140 

323 

178 
305 
508 
340 
107 

5,040 

East  Branch  of   Svinft 

Ohtia 

Pottapang  Pond 

River. 
Do. 

Phillijwtop  , 

Phillipston  Pond 

« 

Pond  northeast  of  above. 

Reservoir  near  Westmin- 
ster. 

Moosehom  Pond  -  _ 

'Asnyconie  Pond- 

Bum    Shirt    River   (to 

Do-_. .,.. 

Ware). 
Do. 

Hab)>ard6ton  _ 

Do 

Ware  River. 
Do. 

Do - 

Do. 

Hfl'«1'P"«lr 

Mnddy  Pond 

Do. 

Barre 

Rntiand 

Do.- 

Reservoir  ( no  name  given ) 

Pond  west  of  center 

Long  Pond : 

Do. 
Do. 
Do. 

Do 

Demon  Pond 

Do. 

Nevr  Braintree    

OaVh^TTi 

Two  ponds  near  center  . . 
Browning  Pond 

iQuaboag  River. 
Do. 

We«tBrookfleld_... 
North  Brookfield  _ . . 

Wickaboag  Pond 

Brooks  Pond 

Do. 
Do. 

Do 

Furnace  Pond 

Do. 

Broolcfi^ld 

Pod  link  Pond 

Do. 

Do_ 

South  Pond 

Do. 

Spencer  _. 

Cranberry  Meadow  Pond . 

Total  area    of    28 
ponds. 

Do. 

Power  values. — The  Tenth  Census  Report  on  Water  Power  contains 
an  excellent  description  of  the  power  utilized  on  the  Chicopee.  It 
states  that  the  main  river  is  an  extremely  valuable  one,  and  has 
gained  prominence  by  reason  of  the  extensive  cotton  and  other  manu- 
facturing industries  established  along  its  coui-se.  The  available  fall 
in  the  river  has  been  practically  all  utilized.  Of  the  three  main 
branches  the  Quaboag  is  the  most  valuable  for  power  because  of  its 
well-sustained  flow,  the  value  of  the  Ware  and  the  Swift  rivers  fol- 
lowing closely  in  the  order  named. 

Character  of  water  in  the  Chicopee  Basin, — The  following  towns 
are  situated  partly  or  wholly  within  the  Chicopee  Basin :  Chicopee, 
Ludlow,  Belchertown,  Palmer,  Monson,  Wales,  Brimfield,  Warren, 
Brookfield,  West  Brookfield,  North  Brookfield,  Spencer,  Paxton,  New 
Braintree,  Ware,  Enfield,  Hardwick,  Oakham,  Greenwich,  Prescott, 
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Pelham,  Shutesl)ury,  Dana,  Barre,  New  Salem,  Wendell,  Petei-shani, 
Phillipstoii,  Templeton,  Ilubbardston,  Rutland,  Wilbraham,  and 
Springfield. 

The  population  in  the  drainage  area  is  abi>ut  00,(MK),  or  127  iH*r 
square  mile. 

WARE   RIVER. 

The  watershed  of  Ware  River  adjoins  that  of  the  Nashua.  It  has 
an  elevation  in  tlie  towns  of  Oakham  and  Barre  of  about  545  feet 
above  high  tide.  The  population  is  small  and  the  pollution  is  t!ien»- 
fore  not  objectionable,  and  from  a  sanitary  point  of  vi^^w  the  stream 
is  an  excellent  source  of  water  supply.  The  area  has  In^en  considered 
a  favorable  one  by  the  Metropolitan  Water  iioard  of  Massaeliasetts 
as  a  part  of  the  natural  gathering  ground  for  tlie  future  supply  of 
Boston  and  the  vicinity.  It  forms  a  link  in  the  chain  of  iijatheriiii; 
grounds  in  central  Massachusetts,  which  will  at  some  da^"  in  the 
future,  when  the  demands  require  it,  be  connected  with  tlie  Nashua 
and  the  waters  carried  through  the  long  aqueducts  to  the  distribution 
stations  in  the  vicinity  of  Boston. 

Analyses  have  been  made  periodically  by  the  Massachusetts  Stale 
Board  of  Health  of  the  water  in  Ware  River  at  Coldbrook  station,  in 
the  town  of  Barre.  The  avcirage  results  for  each  year  are  ineludiHl 
in  Table  47. 

Tablk  47. — AnalyseH  of  wuter  from  Ware  River  at  Coldbrook  station  at  Barr*>. 

[PartH  i>er  million.] 


I 

Year. 

0 

\  Albuml- 
j     iioid  am- 
monia. 

1 

1894  

..   7.4 

0.178 

1895 . , . 

-.   7.8 

.219 

1896 

..   7.2 

.198 

1897.  

. .   8. 8 

.193 

1898 . 

..   7.6 

.196 

1899 . 

,   5. 0 

.184 

19(K) .- 

6.2 

.227 

Nitrtjgen  a.s— 


CB->-i 

d 

3^  O 


a    I 


0. 005 
.014 
.003 
.010 
.011 
.010 
.  025 


0.000 
.000 
.  000 
.000 
.000 
.000 
.000 


'A 


0 


.023 
.051 
.038 
.032 
.027 
.  032 
.014 


(S 

a 
o 


1.4, 

1.   I      I 

I 

1.1     1 

1.4  I 
1.4  1 
1.4  I 
1.4  I 


I      i 
H 

35. 5 
39.6 
33.6 
36.0 
a5. 1 
33.8 

36. 6 


9 

8 
i 

7 
4 


«  i 


.51 


5?; 


12 
12 

6 
12 
12 
12 

7 


The  color  of  the  w^ater  is  fairly  high,  due,  no  doubt,  to  a  consider- 
able extent  of  swamp  land.  The  amount  and  condition  of  the  organic 
matter  is  not  particidarly  suggestive,  save  that  the  free  and  albumi- 
noid ammonia  in  1900  is  higher  than  in  previous  years,  showing  addi- 
tional organic  pollution,  the  source  of  which  is  not  apparent.  The 
normal  chlorine  for  this  region  is  from  1.1  to  1.2  parts  i)er  million,  so 
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that  tlie  average  of  1.4  parts  in  the  table  above  set  forth  shows  a  slight 
sewage  contamination. 

In  the  basin  of  Upper  Ware  River  is  Musquapog  Lake,  the  source 
of  the  water  supply  of  Rutland.  The  following  analyses  were  made 
of  the  water  from  this  lake  in  the  year  1900: 

Table  48. — Analyses  of  vxiter  front  Musquapog  Lake. 

[Parts  per  million.] 


Date  of  coUec- 
tion. 


1900. 

Jan.  31 

Aug.  14 

Sept.  26... 
Dec.  20 


Turbidity. 


Very  slight-. 

do 

do _ 

do 


• 

1 

Nitrogen  as- 

i 

1 

S 

1 

3 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

s 

1 
1 

0.2 
.1 
.3 
.2 

0.118 
.188 
.130 
.218 

0.098 
.010 
.044 
.070 

0.001 
.000 
.000 
.001 

0.010 
.000 
.020 
.030 

1.6 
1.4 
1.4 

2.8 

17.5 
17.0 
21.0 
29.0 

8 

§ 
t 

08 

n 


5 


2 
3 
5 


The  water  supply  of  Barre  is  collected  in  a  reservoir  within  the 
town,  the  water  flowing  from  several  springs  in  the  vicinity  and  from 
the  surface  of  the  ground  for  a  considerable  area  above.  Analyses  of 
this  water,  made  in  1898,  are  reported  as  follows: 

Tabl£  49. — Atialyses  of  water  from  the  reservoir  of  the  Barre  Water  Company. 

[Parts  per  million.] 


Turbidity. 

■ 

1 

1.5 
1.1 
1.1 
1.0 

Nitrogen  as— 

1 

1 
1 

Date. 

1 

' 

Free  ammo- 
nia. 

i 

•n 
a 

0.000 
.t)02 
.001 
.000 

1 
1 

525 

0.000 
.002 
.001 
.020 

i 

1898. 
Jan.  11 

Decided 

do 

0.096 
.272 
.330 
.536 

0.002 
.018 
.042 
.156 

.054 

1.4 
1.5 
1.3 
1-.4 

25.0 
19.0 
25.0 
25.0 

10 

Apr.  12 

8 

Julys 

Slight 

do 

5 

Oct.  5 

8 

ATerasre 

1.2 

.308 

.001 

.032 

1.4 

23.5 

8 

IRR  79—03- 


-G 
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Ware  River,  after  flowing  by  the  town  of  Barre,  which  has  a  iK>pu- 
lation  of  over  8,000,  plainly  shows  the  effects  of  pollution.  A  large 
number  of  the  houses  and  some  of  the  factories  of  Ware  eoipty  their 
wastiss  directly  into  the  river.  Analyses  of  samples  of  orator  taken 
from  the  river  below  the  town,  made  b3''  the  State  Board  of  Health,  in 
the  year  1900,  are  given  in  tnble  50.  When  these  are  compared  with 
those  made  of  the  water  collected  at  Cold  Brook  Station  tlie  change  ij» 
clearly  illustrated. 

Table  50. — Analyses  of  water  from  the  Ware  River  below  Ware. 

[Parts  per  million.] 


Dato  of  collection. 


1900. 

Jtilyl7 

August  22 

September  20 
October  16  _ . 
Noveml)er  19. 
December  19  . 


Turbidity. 


Nitrogen  an 


Average . 


Slight 

Decided 

do 

Very  slight. 

Decided 

do 


i 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

4.1    0.312 

0.060 

3.7     .324 

.032 

3. 4     .  404 

1 

.076 

7.3  '  .288 

.  052 

7.0 

.275 

.110 

5.0 

.288 

.132 

5.1  I  .315 


.077 


2.1 
2.3 
3.3 
2.4 
2.5 
2.5 

2.5 


S 

o 


46.5 
45.0 
53.0 
54.0 
49.0 
51.0  ' 

49.6 


I 


10 

11 
11 

14 

11 

11 


Not  far  below  the  i>oint  where  these  samples  were  collect-ed  Ware 
River  joins  the  Swift  and  the  Quaboag.  The  analyses  in  table  49 
therefore  represent  the  character  of  the  water  contributed  by  the 
Ware  River  to  the  Chicopee  system. 


SWIFT   RIVER. 

Swift  River  is  the  westernmost  of  the  three  main  branches  of  the 
Chicopee.  Below  the  town  of  Enfield  it  has  an  elevation  of  376  feet 
above  tide.  It  drains  an  area  of  185.7  square  miles,  which  has  a 
population  of  128  per  square  mile.  This  area,  like  that  of  the  AVare, 
has  been  considerd  as  a  source  of  water  supply  by  the  Metropolitan 
Water  Board.  The  water  is  of  excellent  quality  and  has  little  color. 
The  following  analyses  have  been  made  by  the  State  Board  of  Health 
of  Massachusets. 
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Table  51. — Analyses  of  wattnr  front  Strift  River  at  designated  jfoints. 

EAST  BRANCH  IN  GREENWICH. 
[Parts  per  milliun.] 


S 

Nitrogen  as— 

s 

-a 

•d  . 

6 

g-g 

Date. 

• 

buminoi 
mxnonia 

S 
-1 

1 

i 

• 

1 

1 

9 

a 

berof 
nalyz 

o 

8^ 

.s 

1 

•E 

i 

o 

't  d 

u 

..i^ 

f^ 

.d 

o 

q8 

p 

8 

4.7 

0.146 

U* 

^ 

^ 

1.5 

31.0 

n 

Jz; 

1894 

0.011 

0.000 

0.015 

8 

2 

MIDDLE  BRANCH  IN  GREENWICH. 


1.3      31.5 


0 


2 


BARRETTS  JUNCTION. 


190(). 


3.2 

0.167 

0.012 

0.000 

0.040 

1.6 

33.3 

10 

TOWN  OP  ENFIELD. 


1898. 


0.000 


0.000 


0.058 


1.1 


25. 8 


6 


QUABOAG  RIVER. 

The  Quaboag  is  the  southernmost  of  the  three  main  branches  of  the 
Chieopee.  It  drains  the  whole  area  of  the  towns  of  Monson,  Briinfield, 
New  Braintree,  Oakham,  Spencer,  and  Paxton.  The  population  i)er 
square  mile  is  125,  which  is  considerably  larger  than  in  the  Ware  and 
Swift  basins.  The  character  of  the  unpolluted  water  in  the  drainage 
area  of  the  Quaboag  is  well  shown  in  the  following  series  of  analyses: 

Table  52. — Analyses  of  unpolluted  water  in  Quaboag  Bamn. 

[Parts  per  million.] 


Place  of  collection. 


ReBervoir,  Monson 

Shaw  Pond,  Spencer _. 

Dug  well,  Monson 

Do -- 

Spring,  North  Brookfield 

Doane  Pond,  North  Brookfield 
Shaw  Pond,  Spencer 


u 
o 

-o 
O 


1.1 
.3 
.1 
.0 
.0 

5.3 
.3 


Nitrogen  as — 


4 

5- 


0. 355 
.136 
.011 
.006 
.008 
.308 
.148 


6 

C8.S 
4)  S 


0.030   0.004 


.007 
.002 
.001 
.010 
.145 
.018 


I 


.000 
.000 
.000 
.002 
.000 


t 

0. 105 
.059 
.095 
.078 
.  245 
.050 
.090 


1.7 
1.4 
1.2 
1.3 
1.4 
1.2 
1.6 


o 


34. 5 
26.9 
33.3 
32.2 
37.0 
31.5 
22.2 


10 
7 
9 
4 
5 
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The  settlements  along  the  Quaboag  which  contribute  a  considerable 
amount  of  matter  to  the  river  above  the  town  of  Palmer  are  Spencvr, 
Brookfield,  North  Brookfield,  Warren,  and  Monson.  After  tlie  water 
has  passed  all  these  points  it  is  in  the  condition  indicat'ed  iii  the 
following?  table : 

Table  53. — Analyses  of  water  from  Quaboag  River  above  Palmar. 

[Parts  per  milliou.] 


Dato  of  collet'- 
iion. 


Turbidity. 


u 

.2 
o 


1900. 

July  17 

August  21  ... 
September  19 
October  29 _.. 
November  20 
December  18  _ 


Average 


Very  slight 

Slight 

Very  slight. 

Slight 

do 

do 


4.4 
5.1 
3.5 
4.4 
4.3 
4.5 

4.4 


Nitrogen 


2-55 

5* 


0.196 
.236 

.208 
.248 
.216 
.198 

.217 


6 

S 

H 

1 

®  w 

u 

0) 

^ 

u 

•w^ 

^ 

}z; 

0.040 

0.001 

.032 

.001 

.028 

.001 

is 


.048 
.036 
.010 


0.010 
.010 
.030 
.002  I  .040 
.000  I  .110 
.003  '  .100 


2 


S 

6 


1.9 
2.5 
2.8 
3.1 
2.9 
2.5 


«3 

1 

41.0 

47.0 

42.5 

45. 

0 

44. 

5 

42. 

5 

37. 

7i 

11 

10 

i:] 
14 
17 
11 

i:{ 


After  receiving  considerable  sewage  from  Palmer,  the  river  below  is 
not  apparently  in  a  worse  condition  from  the  standpoint  of  org^anic 
content  than  it  was  above  that  town.  This  fact  is  shown  by  the  follow- 
ing analyses: 

Table  54. — Analyses  of  the  water  of  the  Qiiahoag  River  below  Palmer, 

[PartB  per  million.] 


Date  of  collection. 


1900. 

July  17 

August  21  .-- 
September  19 
October  29... 
November  20. 
December  18. 

Average  . 


Turbidity 


Very  slight 

Slight 

Very  slight 

Slight 

Decided . .  _ 
Slightl 


u 

o 

u 


4.1 
5.0 
3.1 
4.0 
3.7 
4.1 


4.0 


Nitrogen  as — 


II 
'I 


6 


0. 180 
.246 
.198 
.248 
.216 
.190 


0.040 
.044 
.008 
.048 
.048 
.008 


213  I  .033 


I 


0.001 
.001 
.001 
.002 
.000 
.003 


.001 


0. 030 
.050 
.050 
.040 
.140 
.120 


.072 


a 


1.8 
2.4 
8.0 
3.1 
2.9 
2.5 


2.6 


o 


JR 


41.0 
51.5 
44.0 
47.0 
44.5 
48.5 


13 

13 
10 
16 
11 


45.3 


I 


13 
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A  comparison  of  the  two  tables  shown  above  illustrates  in  a  fairly 
clear  way  a  point  made  at  the  beginning  of  this  discussion,  which  is, 
that  analysis  of  water  is  not  always  effectual  in  showing  its  condition 
from  the  standpoint  of  general  healthfulness.  It  is  plain  that  the 
water  of  Quaboag  River  can  not  be  as  safe  for  public  use  after  it  has 
I>assed  the  town  of  Palmer  as  it  was  above  this  point.  The  amount 
of  pollution  from  Palmer  is  rather  extensive,  but  it  is  not  apparent  in 
the  analysis  of  the  water.  The  reason  for  this  is  probably  that  the 
amount  of  pollution  is  not  sufficient  to  appreciably  change  the  quan- 
tity of  organic  matter  contained  in  so  large  a  flow  as  that  of  theQua- 
1>oa^,  yet  it  is  undoubtedly^  true  that  if  the  germs  of  any  water-borne 
disease,  such  as  tj'^phoid  fever,  were  brought  into  the  river  from 
I^almer,  the  use  of  the  water  below  Palmer  would  be  extremely  dan- 
gerous, even  though  the  anah'sis  would  seem  to  show  that,  from  the 
standpoint  of  organic  content,  the  river  had  not  changed. 

From  the  confluence  of  the  Swift,  Ware,  and  Quaboag  rivers  the 
Chicopee  runs  almost  due  west,  past  the  municipalities  of  Ludlow, 
Wilbrahani,  Chicopee,  and  Springfield.  The  firat  village  below  Three 
Rivers  is  Ludlow,  from  which  thei'e  is  considerable  sewage  emptying 
into  the  Chicopee.  The  average  of  six  analyses  of  the  water  below 
Ludlow  made  in  the  year  1900  is  reported  as  follows: 

Table  55. — Analyses  of  toater  from  the  Chicopee  River  below  Ludlow. 

[PartR  per  million.] 


Year. 


1900 


Nitrofiren  as— 

Chlo- 
rine. 

Total 
roHi- 
dne. 

46.0 

Color. 

Albumi- 
noid am- 
monia. 

Free 
ammonia. 

Nitrites. 

Nitrat«». 

3.8 

0.240 

0.042 

0.012 

0.0d8 

2.8 

Hard- 
ness. 


12 


Aft-er  receiving  sewage  from  Indian  Orchard,  Chicopee  Falls,  and  a 
part  of  Chicopee  the  river  enters  the  Connecticut.  No  recent  analyses 
of  the  water  of  the  river  at  a  i)()int  below  that  are  available. 


WESTFIELD  RIVER. 


Drainage  basin. — Westfield  River  is  a  branch  of  the  Connecticut 
which  enters  tlie  latter  from  the  west  at  a  point  opposite  Springfield, 
Mass.  (See  fig.  10.)  It  has  a  drainage  area  of  al)out  515  square  miles, 
all  of  .which  is  situated  within  the  State  of  Massachusetts.  Above  a 
point  16  miles  from  the  mouth  of  the  river  the  country  is  extremeh^ 
hilly,  and  in  the  upper  districts  it  is  even  mountainous.  The  maxi- 
mum fall  from  source  to  mouth  is,  where  measured  via  the  West 
Branch,  about  1,162  feet,  or  an  average  of  32.5  feet  per  mile.     In  the 
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upper  part  of  the  river,  however,  the  fall  averages  usually  70  feet  per 
mile. 

The  rainfall  on  the  watei*shed  finds  its  way  over  the  steep  slopes 
rapidly  and  the  flow  of  the  river  fluctuates  in  consequence.  This 
flood  flow  is  not  steadied  b}'^  any  considerable  storage  within  the  basin, 
for  there  are  few  natural  ponds  or  lakes,  and  little  or  nothing  has 


Ptg.  10.— Westfield  River  drainage  basin. 


been  done  to  impound  the  waters.  Gen.  Theodore  G.  Ellis,  Chief  of 
Engineers,  U.  S.  Army,  has  given  the  average  flow  of  the  river  as  500 
cubic  feet  per  second,  but  this  is  believed  by  Professor  Porter  to  be 
too  large. 

Populuiion. — The  development  of  the  drainage  area  of  the  %Vest- 
field  has  been  slow  and  the  growth  of  iK)pulation  slower.  In  a  great 
majority-  of  the  towns  there  has  been  a  decrease  in  the  number  of 
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inhabitants  within  the  decade  1890-1900.  A  largo  part  of  tlie  basin 
has  no  railroad  facilities  whatever,  and  there  has  been  no  need  of  any. 

In  short,  the  country  has  not  shared  the  industrial  and  commercial 
advancement  which  has  been  made  by  the  greater  part  of  the  sur- 
rounding sections.  In  the  lower  parts  of  the  area,  notably  in  West- 
field,  there  has  been  an  increase  in  population  amounting  to  25  per 
cent  in  the  last  decade.  Exclusive  of  this  town  and  AVest  Springfield, 
the  most  populous  part  of  which  drains  into  the  Conne<*tieiit,  the 
drainafije  area  has  a  population  of  about  23  per  square  mile. 

Character  of  ivaier. — On  a(*count  of  the  small  population  the 
chara<»ter  of  the  water  is  excellent,  and  the  river  above  the  town  of 
Westfield  may  be  considered  practically  unpolluted.  The  following 
expressive  statement  is  found  in  the  report  of  the  State  lioard  of 
Health  of  Massachusetts  for  1890: 

Analyses  of  the  water  of  the  Westfield  River  have  not  l)een  made  regularly, 
be<:ause  it  was  i)ollnted  so  little  during  the  time  covered  by  these  investigations 
(lHH7-t889)  that  it  seemed  unnecessary. 

As  above  noted,  conditions  in  the  river  have  not  changed,  except  in 
the  lower  end ;  therefore  the  passage  quoted  applies  at  the  present 
time.  The  construction  of  a  sewerage  s^'steni  at  Westfield  and  the 
location  of  its  outlet  in  the  river  has  made  it  necessary  to  examine 
the  waters  alx)ve  and  l>elowthe  outlet  in  order  to  show  the  effect  upon 
the  river.  In  the  investigation  of  water  supplies  for  different  towns 
in  the  district,  several  analyses  of  water  in  the  drainage  basin  were 
made. 

Table  56.— -.4?ui///«f«  of  lumvaJ  water  of  ihe  WcHtfirUl  Rivf^r  Htfufem. 


[Parti*  i>er  million.] 

Turbidity. 

Color. 

Nitrog 

en  a«-- 

i 
t 

'A 

0. 120 

r        Chlorine. 

• 

I 

32. 5 

1  . 

s  . 

J.  1; 

1 

I  unt  1 1  lukiDK    I 
Hamplo. 

Albuminoid 
ammonia. 

a. 

0. 004 

1 

•c  ■ 

0. 001 

1          W 

s  :    s 

a      PP. 

Chester  _  _ 

None  _-. 

0.9 

0.0«8 

11       1 

Huntington 

....do_.. 

.9 

.063 

.004 

.000 

.043 

.9 

3}.  1 

15        14 

(Middle 

Branch). 

1 

Huntington 
(East  Branch) 

1.4 

.087 

.  005 

.000 

.  0.53 

1.0 

33.  2 

14       14 

Russell 

Very 

1.2 

.078 

.010 

.000 

.  070 

.7 

32 

1    i         1 

slight. 

Granville 

___. .__ 

1.3 

.071 

.013      .000 

.  0^7 

1.2 

20.7 

4  1     14 
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The  above  analyses  represent  the  charaet^^risties  of  water,  which 
may  fairly  be  called  normal,  obtained  from  different  parts  of  the 
drainage  area.  It  will  be  seen  that  there  is  very  little  difference  in 
the  color  of  the  various  samples  and  that  the  residue  and  the  albumi- 
noid ammonia  are  remarkably  uniform.  The  Granville  sample  shows 
higher  free  ammonia  and  chlorine  than  the  preceding  ones,  wWch  for 
the  moment  looks  threatening,  but  it  will  be  seen  that  the  actual 
departure  from  the  normal  is  wholly  within  the  limits  of  error,  and  if 
there  is  any  pollution  in  the  Granville  sample  it  is  not  sufficient  to 
produce  significant  changes,  so  that  the  water  fi-om  nearly  the  whole 
West-field  area  is  of  practically  normal  character.  The  basin  remains 
in  a  condition  in  which  may  bo  realized  all  the  resources  which  its 
streams  can  provide.  The  public  demand  for  drinking  water  may  be 
met  at  almost  any  point,  and  there  is  ho  blemish  on  the  ice  fields. 
The  manufacturer  may  use  the  water  with  impunit}',  for  it  is  not 
changed  sufficiently  to  injure  his  products.  That  this  district,  lying 
between  the  metropolitan  area  of  New  York  and  the  prosperous 
country  of  central  Massachusetts,  should  remain  throughout  its 
greater  part  in  normal  condition  is  worthy  of  remark. 

We  will  now  trace  the  changes  that  take  place  in  the  water  of 
Westfield  River  after  it  passes  the  town  of  Westfteld,  with  its  popu- 
lation of  12,310. 


Tablk  57. — Analyses  of  iraterfrofn  Westfield  Riv>er  above  and  belotp  WeMfieUi. 


Point  of  taking 
sample. 


Above  Westfield- 
Below  Westfield. 


[PartH  per  million.] 


Nitrogen  hh — 


5 


0.000 
.004 


I 


X 

o 

O 


o 

n 

•d 

s 

£ 

S 

3 

•E 

o 

« 

P 

m 

0.035  I     1.3 
.069  !     2.3 


42.6 
49.9 


19 
23 


It 


15 
11 


The  analyses  in  the  table  above  are  of  peculiar  interest,  as  they 
show  the  effect  of  a  single  sewerage  system  on  a  pure  stream.  From 
what  has  gone  before  it  will  be  rememl)ered  that  Westfield  River 
receives  practically  no  significant  pollution  until  it  reaches  the  city 
of  Westfteld,  but  in  passing  the  city  it  is  changed  from  a  normal  river 
to  a  polluted  one.  Let  us  consider  the  significance  of  the  determina- 
tions in  Table  57.  The  average  of  the  samples  taken  below  the  city 
shows  a  great  increase  in  the  amount  of  polluting  material.  Free 
ammonia,  nitrites,  and  chlorine,  the  special  indicators  of  the  presence 
of  sewage  pollution,  are  all  present  in  increased  quantities,  while  the 
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Amounts  of  nitrates  and  albuminoid  ammonia  assume  a  proper  relation 
to  the  whole. 

HOCKANUM  RIVER. 

JJrainage  area. — On  the  boundary  between  the  towns  of  Tolland 
and  Elllington,  Conn.,  there  is  a  lake,  the  level  of  which  has  been  so 
raised,  by  a  stone  embankment  35  feet  high  that  it  has  an  expanse  of 
680  acres.  Its  drainage  area  is  15.4  square  miles,  but  in  addition  to 
the  surface  water  which  accumulates  from  this  territory,  it  is  largely 
fed.  l>y  hidden  springs.  This  lake,  called  Shenipsit,  is  the  source 
of  Hockanum  River,  which  flows  thence  in  a  southwesterly  course, 
emptying  into  Connecticut  River  opposite  Hartford.  The  Hockanum 
is  principally  important  by  reason  of  the  power  developed  along 
its  course,  for  although  it  is  less  than  20  miles  long  it  furnishes 
3,057  horsepower. 

Flaw, — Accorfiing  to  the  measurements  of  General  Ellis,  Chief  of 
Engineers  of  the  U.  S.  Army,  the  flow  of  the  river  averaged  132  cubic 
feet  per  second,  its  maximum  flow  being  G,167  secOnd-feet.  The  flow 
is  peculiar  by  reason  of  the  fact  that  about  2,000,000  cubic  feet  a  day 
are  allowed  to  run  from  Shenipsit  Lake  during  working  hours  while 
no  \¥^ater  is  permitted  to  flow  at  night  or  on  holidays. 

There  are  several  factories  on  the  banks  of  the  river,  most  of  them 
works  for  the  manufacture  of  textile  fabrics  and  paper.  Just  below 
Shenipsit  is  Rockville,  where  1,400  horsepower  are  developed. 

Character  of  water. — Shenipsit  Lake  drains  an  area  which  is  sparsely 
settled,  and  its  water  is  therefore  practically  normal  and  of  excellent 
quality.  It  is  used  as  a  supply  for  the  city  of  Rockville  and  has  been 
analyzed  by  the  State  Board  of  Health  of  Connecticut. 

Table  58. — Analyses  of  irater  of  Sfienipsit  Lake. 

[PartH  per  million.] 


Nitrogren  as— 

■ 

« 

•o 

6 

p 

? 

]>ate  of  collection. 

buminol 
mmonia. 

I 

1 

1 

• 

1 

1 

1 

i 

> 

gS 

1 

5 

0.1 
.3 

<^ 

1 

•P4 

xH 

^ 

e 

5 

A 

5 

% 

1890-91 

0.194 
.107 

0.027 
.021 

0.001 
.000 

0.05 
.08 

1.66 
1.42 

31.3 
31.2 

11 

1900 -. 

12 

Taylor's  reservoir,  on  the  south  branch  of  the  Hockanum,  is  another 
body  of  normal  water.  It  is  used  as  a  source  of  supply  for  South 
Manchester,  Conn.  Analyses  made  by  the  Connecticut  State  Board 
of  Health  in  the  year  1900  are  reported  as  follows: 
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Table  59. — Analyses  of  uxiter  from  Taylor^ 9  reservoir,  Manchester y  Conn. 

[Parts  per  mfllion.] 


Nitrogen 


Date  of  collec- 
tion. 


1900. 
Jan.  24.. 
Mar.  15  . 
May  10  . 
Julys... 
Sept.  i:J . 
Nov.  7  . . 


Average, 


.0 

u 


do 
do 
do 
do 


Very  slight, 
aear !     .1 


.2 
.1 
.1 
.1 


.2 


2  . 

1 

0 

5i- 

k 

1 

2 

0.130 

0.028 

0.001 

.102 

.044 

.001 

.110 

.038 

.002  1 

.068 

.022 

.001 

.108 

.018 

.000 

.112 

.112 
.025 

.000  ! 

1 

.  105 

.001 

I 


0.10 
.05 

.a5 
.02 

.03 
.08 


,%fi 


1.7 
1.5 
1.5 
1.7 
1.6 
2.1 

1.68 


A 


34.9 


s 

0 
Eh 

34.5 

3 

32.0 

5 

34.0 

5 

35.0 

3 

36.5 

4 

37.5 

3 

PoUutiov. — The  Hoard  of  Health  of  the  State  of  Connecticut  is 
investigating  tlie  character  of  the  water  in  Ilockanum  River,  sampler 
being  collected  at  three  available  points,  viz,  Windermere,  North 
ManchestiCr,  and  Burnside. 

This  work  was  done  during  the  years  1805,  1896,  and  1900,  the 
sanii)les  being  collected  monthlj^  from  May  to  October  in  each  year. 
They  indicate  extensive  i)onution  of  this  stream,  but  since  it49  princi- 
pal resource  is  water  power,  the  damage  done  is  not  significant.  The 
character  of  the  water  will  doubtless  be  better  in  the  future,  by  rea- 
son of  the  installation  of  a  sewage  purification  plant  in  the  village  of 
South  Manchester. 

Table  60. — Analyses  of  water  from  Hockanum   River  at  Windertnere,  North 

Manchester,  and  Biirtiside, 

[PartH  per  million.] 
WINDERMERE. 


Year. 


s 


1895 

1896. 

1900 


0.5 
.5 
.4 


Nitrogen  a»- 


¥ 

•fl  o 

4 


1.470 
.913 
.910 


I 

s 

S2; 


0. 160  4. 85 
.  180  4. 49 
.250  I  3.38 


o 


{ 

A 


138.9  .      13 

98.6  , 

71.9  1 
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Tasle  60. — Analyses  of  water  from  Hockanum  River  ^  etc. — Continned. 

NORTH  MANCHESTER. 


Color. 

1 

Nitroflr 

en  as— 

Year. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

is 

Nitrates. 

1895.. 

0.5 
.5 
.3 

1.096 
.762 
.  752 

0.124 
.063 
.167 

0.008 
.009 
.022 

0.110 

1896    

.160 
.240 

1900    

• 

« 

a 

rs 

6 

1 

•c 

^^ 

.2 

s 

e 

o 

3.87 

82.1 

4.45 

78.3 

3. 95 

75. 4 

BURNSIDE. 


15 


1895 _. 
1896. . 
1900__ 


0.4 

0.802 

0.172 

0. 025 

0.100 

6.03 

! 
98.6 

.4 

1.156 

.194 

.023 

.140 

5.61 

81.4 

.4 

.722 

.las 

.025 

.160 

4. 65 

80.7 

37 


PARK  RIVER. 

Park  River  is  a  small  stream  enterinpc  the  Connecticut  from  the 
west.  In  its  drainage  area  are  the  cities  of  New  Britain  and  a  part 
of  Hart,ford.  The  flow  is  small,  and,  as  there  is  a  large  amount  of 
sewage  brought  into  the  river,  it  is  probably  the  foulest  stream  in  the 
State  of  Connecticut.  The  report  of  the  State  Board  of  Health  made 
in  1805  contains  the  following  comments: 

The  result  of  the  analyses  at  New  Britain  indicate  that  at  times  during  the 
Bimiiner  the  water  of  the  stream  contained  as  mnch  as  four-fifths  of  its  volume 
of  sewage.  Between  New  Britain  and  section  No.  2,  at  Newington  Junction, 
there  is  practically  no  sewage  addition.  From  the  respective  areas  of  the  water- 
sliedfl  the  volume  of  the  stream  at  Newington  should  he  about  five  times  what  it 
is  at  New  Britain,  but  that  the  dilution  must  be  less  than  this  is  at  once  apparent 
wlien  it  is  considered  that  the  greater  part  of  the  flow  at  station  No.  1  in  sewage 
and  comes  from  other  watersheds,  from  which  the  water  supply  is  drawn.  A 
better  means  of  measuring  dilution  is  by  the  comparison  of  the  amounts  of  chlo- 
rine at  the  two  stations,  for  this  constituent  is  not  removed  from  the  stream  after 
once  having  been  introduced,  either  by  precipitation  or  by  the  acts  of  living  organ- 
isms. Since  the  normal  chlorine  of  the  region  is  about  2,  there  would  be  two 
parts  of  chlorine  per  million  in  the  water  of  dilution  added  between  New  Britain 
and  Newington,  and,  since  the  average  amount  of  chlorine  at  the  two  stations  is 
33.1  and  15.1.  respectively,  it  is  easy  to  calculate  that  the  dilution  at  Newington 
Junction  is  2.4. 

The  average  amount  of  nitrogen  of  free  ammonia  at  New  Britain  was  3.04.  A 
dilntion  to  the  extent  indicated  above  would  reduce  the  nitrogen  of  free  ammonia  at 
Newington  Junction  to  1.25, but  the  amount  actually  found  was  2.3r),a  very  consid- 
erable increase.  This,  of  course,  was  due  to  putrefactive  change  occurring  during 
the  flow  of  3f  mUes.  That  the  changes  occurring  during  this  course  were  putrefac- 
tive and  not  oxidizing  in  character  is  shown,  not  alone  by  the  increase  of  free 
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ammonia,  but  also  by  the  figurt>8  for  nitrites  and  nitrates,  which  show  no  iiicrea.se. 
bnt,  on  the  contrary,  a  slight  relative  diminution. 

A  similar  calculation  for  the  nitrogen  of  organic  matter  in  suspension  shows 
that  there  was  a  decrease  of  about  30  per  cent,  due,  doubtless,  chiefly  to  sedimenta- 
tion. The  decrease  of  nitrogen  of  organic  matter  in  solution  was  somewhat  more 
than  the  increase  of  nitrogen  of  free  ammonia.  In  flowing  through  the  coarse  of 
8f  miles,  therefore,  there  was  some  purification  by  sedimentation,  but  apparently 
none  by  oxidation,  and  very  little  by  precipitation  and  other  means.  The  improve- 
ment in  the  stream  at  the  lower  point  is  consequently  due  almost  wholly  to  dilu- 
tion with  clean  water  from  the  watershed  between  the  two  stations. 

Below  Newington  Junction  there  is  a  large  increase  in  the  flow,  the  relative 
watersheds  being  as  1  to  5.6.  There  is  little  direct  cx)ntamination  until  the  sewers 
of  Hartford  are  reached.  There  are  several  of  these  in  the  last  mile  above  station 
No.  3  in  Hartford.  The  contamination  effected  by  their  discharge  is  so  great  that, 
although  there  is  a  dilution  of  nearly  sixfold,  the  water  in  the  stream  at  this  point 
is  about  in  the  same  condition  as  at  Newington  Junction;  indeed,  in  respect  to  the 
organic  matter  the  contamination  is  greater  in  Hartford. 

Analyses  of  tlio  water  of  this  river  were  made  by  the  Connectieul 
State  Board  of  Health  in  the  years  1895,  1897,  and  1899  at  New 
Britain,  Newinj^ton,  and  Hartford,  and  the  average*  of  the  results  for 
each  year  are  set  forth  in  Table  01. 

Table  01. — Analyses  of  water  from  Pijiers  Brook  and  Park  River. 

[Parta  -per  million.] 
NEW  BRITAIN. 


Date  of  collcM'tion. 


1895 
1897 


.  — 

-o 

•»M  • 

0* 

fla 

• 

buzni 
mmo 

6 

5i- 

0.5 

1 

«.71 

.4 

7.08 

Nitro|f<3n 


0 

a 
a* 


3.04 
3.41 


c 

Of 

c 


« 

-c 

e 

N 

— 

>». 

9 

« 

4J 

U 

t 

t 

4J 

fe 

3 

a. 

s 

§ 

cr. 

0.396 
.217 


1.15 
1.24 


33.0 
2«.2 


290.9 
271.6 


6 

0 


NEWIN(iTON. 


1895. 

1897 

1899 


0.7 

1 .  57 

2.33 

0.064 

0.37 

15. 1 

160.8 

.6 

2.64 

2.07 

.064 

.28 

13.2 

150.0 

.8 

2. 52 

4.42 

.024 

.09 

16.9 

155. 6 

1 

6 
6 
6 


HARTFORD. 


1895 
1897 
1899. 


0.6 

3.71 

o  or 

0. 035 

0.19 

13.1 

151.9 

6 

.5 

5. 21 

•v.    1   < 

.158 

.23 

17.0 

172.2 

6 

.4 

2.22 

1   22 

.208 

.20 

9.2 

138.3 

6 
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The  pollution  of  Pii)er8  Brook  by  the  city  of  New  Britain  led  to  a  law- 
suit against  the  city,  the  final  decision  in  whicli  was  rendered  by  tlie 
supreme  court  of  errors  of  the  first  judicial  district  of  the  State  of  Con- 
necticut, during  the  May  term,  at  Plartford,  in  1897,  The  suit  was 
brought  for  injunction  and  damages  before  the  superior  court  in  Hart- 
ford County  by  Patrick  Nolan,  the  j  ury  giving  verdict  and  j  udgment  for 
plaintiff  in  $2,000  damages.  The  plaintiff  owned  a  farm  nearNewing- 
ton  on  Pipera  Brook  below  the  city  of  New  Britain,  upon  which  were 
dwelling  houses  and  other  buildings.  The  complainant  stated  that 
from  October  1, 1887,  to  the  date  of  complaint,  the  city  had  dumped 
acid,  sewage,  and  other  deleterious  matter  into  the  river  and  deprived 
him  of  the  use  of  water  for  stock  and  for  domestic  purposes,  and  he 
had  l)een  put  to  a  large  expense  thereby,  his  lands  being  injured  for 
pasturage,  his  milk  business  having  been  injuriously  affected,  and 
the  ice  crop  upon  the  stream  having  been  made  valueless. 

The  following  extracts  are  taken  from  the  opinion  rendered  by  the 
court,  the  same  having  been  handed  down  by  Chief  Justice  Andrews 
(69  Conn.,  068): 

The  use  of  Piper's  Brook  which  the  complainant  charges  that  the  defendant 
has  luade,  unless  there  is  a  lawful  warrant  therefor,  causes  a  public  nuisance.  Any- 
thing not  warranted  by  law,  which  annoys  or  disturbs  one  in  the  use  of  his  property, 
rendering  its  ordinary  use  or  occupation  physically  uncomfortable  to  him,  is  a 
nuisance.  (Baltimore^  and  Ohio  Railroad  t\  Fifth  Baptist  Church,  108  U.  S.,  317.) 
*  *  *  The  test  is  not  the  niunber  of  persons  annoyed,  but  the  jiossibility  of 
annc>yan<'e  to  the  public  by  the  invasion  of  its  rights.  ♦  *  ♦  ( Westcott  i\  Mid- 
diet  on,  43  N.  J.  Eq.,  478.)  ♦  ♦  «  That  it  would  be  a  public  nuisance  to  render 
the  ^water  of  a  stream  so  impure  that  it  could  not  be  used  for  domestic  purposes, 
or  for  the  watering  of  cattle,  and  so  that  it  gave  off  noxious  and  unhealthy  odors, 
is  hardly  open  to  question  (Chapman  t'.  Rochester,  110  N.  Y.,  273),  for  the  reason 
that  these  causes  would  injuriously  affect  every  rii)arian  owner  along  the  whole 
length  of  the  stream  and  every  person  who  lived  near  it.  If  a  municipal  corporation , 
in  the  absence  of  a  legal  right  so  to  do,  causes  sewage  to  pollute  a  watercourse, 
to  tlie  use  of  which  a  lower  owner,  through  whose  premises  the  watercourse  flows, 
is  entitled,  it  is  guilty  of  a  nuisance  for  which  damages  may  be  recovered.    *    *    » 

♦  *  *  The  second  defense  depends  on  the  act  of  the  legislature  of  1872, 
mentioned  in  the  statement  of  the  case. 

♦  ♦  *  The  said  act  authorizes  and  x>oint8  out  the  steps  to  be  taken  in  order 
to  complete  within  said  city  a  valuable  public  improvement,  to  be  paid  for  by 
that  8{)ecies  of  taxation  known  as  the  assessment  of  damages  and  benefits.  It 
emix>wer8  the  common  council,  "  whenever  in  their  opinion  the  public  health  or 
8e>verage  shall  require  such  action,  to  take,  occupy,  and  appropriate,  in  such  manner 
as  they  shall,  from  time  to  time,  deem  expedient,  any  stream  or  part  of  a  stream, 
natnral  or  artificial,  running  in  or  through  said  city,  and  to  straighten,  deepen,  or 
lo^wer  the  same,  or  lower  or  remove  any  or  all  walls,  dams,  or  other  obstructions 
to  the  free  and  healthy  flow  of  such  stream  or  part  of  a  stream,  or  to  enlarge  or 
cause  to  be  enlarged  or  lowered,  any  or  all  culverts  which  at  any  season  of  the 
year  cause  the  accumulation  of  stagnant  water  or  interrupt  in  any  manner  the  free 
and  healthy  flow  of  any  part  of  such  stream."  This  is  all  of  the  act  which  g^nts 
power  to  the  defendant  to  interfere  with  Piper's  Brook.    *    ♦    ♦ 

If  it  had  been  the  intent  of  the  legislature,  by  the  act  of  1872,  to  authorize  the 
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common  council  of  the  city  of  New  Britain  to  take  or  to  affect  any  lancLs  outside 
of  the  city  limits,  it  is  certain  that  there  would  have  been  in  the  act  Home  pro- 
vision for  the  ascertainment  of  damages  to  be  paid  to  the  landowner.  The  ri^bt 
of  the  plaintiff  to  have  the  water  of  Piper's  Brook  flow  through  his  land  as  it  h:^ 
been  accustomed  to  flow  [i.  e.,  pure  and  uncontaminatedj  ''  is  not  an  easement  or 
appurtenance,  but  it  is  inseparably  annexed  to  the  soil.  * '  ( Wadsworth  r.  Tillotson, 
15  Conn.,  860,  378.)  To  deprive  the  plaintiff  of  that  part  of  his  soil  for  the  iiur- 
poses  named  in  that  act  would  be  the  taking  of  private  property  for  public  use,  and 
the  ])laintiff  would  be  entitled  to  have  just  compensation. 

Tlio  procedure  of  the  trial  court  was  sustained  and  the  award 
affirmed. 

FARMINGTON  RIVER. 

Farinington  River  is  an  iini^ortant  stream  which  rises  in  Berkshire 
County,  Mass.,  and,  after  a  peculiar  and  erratic  coui-se,  enters  Con- 
necticut River  from  the  west  about  5  miles  above  the  city  of  Ilartfonl. 
It  is  a  notable  power  stream,  having  a  falj  of  about  1,200  feet,  a  mean 
discharge  at  the  mouth  of  the  river  of  about  1)44  cubic  feet  |>er 
second,  and  a  maximum  discharge  of  nearly  25,(XX). 

The  surface  of  the  Farmington  River  Hasin  is  hilly,  the  ux^lands  aire 
well  wooded,  and  the  valleys  extensively'  cleared  for  farming  i)urposes. 
There  are  many  ponds  in  the  basin,  and  these,  with  the  surface  waters, 
maintain  a  fairly  steady  flow  during  the  drj^  sesisons.  Indeed,  it  has 
been  claimed  that  the  development  of  water  storage  on  this  river  has 
pract  ically  reached  its  height. 

No  examinations  of  water  of  the  F'armington  River  are  available. 
Although  there  are  a  number  of  thriving  manufacturing  villages 
along  its  course,  there  are  no  important  towns  in  the  basin;  there- 
fore i)ollution  can  not  be  sufficiently  extensive  to  greatly  damage  the 
river. 

CONNECTICUT  RIVER. 

Analyses  of  the  water  of  Connecticut  River  at  North  field  Farms, 
in  the  nortliern  part  of  Massachusetts,  just  below  the  State  line,  show 
that  the  pollution  which  enters  from  the  States  of  Vermont  and  New 
IIami)shire  has  very  little  effect  on  the  apparent  composition  of  the 
wat.er.  Indeed,  such  is  the  dilution  of  the  sewage  poured  into  the 
river  north  of  the  Massachusetts  line  that  the  chlorine  in  the  water 
at  Northfield  is  nearly  normal.  In  the  Connecticut  Valley  in  New 
Hampshire  and  Vermont  there  are  only  a  few  important  towns,  and 
these  are  i)robably  not  completely  sewered,  if  at  all.  l^rattleboro  and 
Bellows  Falls  in  Vermont,  with  populations  of  5,297  and  4,377,  respec- 
tively, are  the  only  places  in  that  State  from  which  there  is  likely  to 
arise  any  appreciable  pollution.  In  New  Hampshire,  the  city  of  Keene 
drains  into  the  Connecticut  by  way  of  the  Ashuelot,  and  the  towTi  of 
Claremont  is  situated  dii-ectly  upon  the  river.  These  places  liave 
populations  of  9,105  and  0,498,  respectively. 
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Tabljc  62. — Analyses  of  water  from  Connecticut  River  at  Northfield  Farms. 

[PartH  per  million.] 


I>at«  of  cuUectiiin. 


1900. 

July  18- 

Angrnst  20 

September  17  _ 

October  15 

November  19  _ 
December  17 . . 

Average. 


Turbidity. 


& 


Slight •_. 

Very  slight. 

do 

do 

Slight 


2.8 
3.0 
I  2.4 
'     8.3 

'    6.8 


Very  slight. .     2. 4 


Nitrogen  as— 

i 

1 

Albuminoid 
ammonia. 

^1 

1 

SZ5 

1 
1 

}Z4 

0.156 

0.012 

0.001 

0.000 

0.6 

.142 

.006 

.003 

.040 

.8 

.114 

.006 

.000 

.010 

1.1 

.270 

.045 

.000 

.050 

.8 

.270 

.044 

.001 

.050 

1.0 

.148 

.024 

.006 

.190 
.057 

1.1 

.188 

.028 

.002 

.9 

t 

3 

o 


60.5 
60.5 
71.0 
62.5 


60.5 


a 
•d 
u 

& 


30 
33 
38 
22 
21 
30 


29 


The  available  analyses  of  the  river's  water  next  below  Northfield 
Farms  were  made  at  Turners  Falls,  in  the  town  of  Montague,  from 
1887  to  1889.  Although,  under  ordinary  circumstances,  a  series  of 
analyses  made  at  such  an  early  date  would  not  be  applicable  to  the 
present  conditions,  the  changes  in  the  population  above  this  point 
have  not  been  sufficient  to  materially  alter  the  condition  of  the  river. 
The  average  of  21  analyses  is  set  forth  in  Table  63. 

Tabl.£  63. — Average  of  twenty-one  analyses  of  water  froni  Connecticut  Mirer  at 

Turners  Falls. 
[Parts  per  million.] 


Color. 

Nitrogen  aH— 

Chlorine. 
1.0 

Turbidity. 

Albumi- 
noid am- 
monia. 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

Total 
residue. 

Slight 

3.0 

0. 140 

0. 025 

0.003 

0. 123 

63.8 

The  report  of  the  Massachusetts  State  Board  of  Health  for  1899 
gives  a  significant  analysis  of  the  water  of  the  Connecticut  River 
opposite  Northampton  as  follows: 

Table  64. — Analysis  of  water  from  Connecticut  River  at  Northampton. 

[Parts  per  million.] 


Color. 

Nitrogen  as- 

Chlo- 
rine. 

Total 
resi- 
due. 

• 

57.5 

Turbidity. 

Albumi- 
noid am- 
monia. 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

Hard- 
ness. 

Very  slight 

3. 0       0. 282 

0.018 

0.001 

0.030 

0.9 

26 
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Continuing  downstream  we  find  that  the  next  available  anulyses 
are  those  made  by  the  State  Board  of  Health  of  water  taken  from 
Connecticut  River  at  a  point  below  Springfield.  Her©  are  the  fin^t 
prominent  indications  of  pollution  shown  by  analytical  methcxis. 
Above  this  point  there  are  Chicopee,  Westfield,  and  Millers  rivers, 
which  are,  as  has  been  already  stated,  in  a  polluted  condition.  On 
the  main  river  there  are  the  cities  of  Northampton,  Springfield,  and 
Holyoke,  as  well  as  smaller  towns,  all  of  which  contribute  a  large 
measure  of  pollution.  It  is  not.  surprising  then,  that  by  the  time  the 
river  reaches  this  point  below  Springfield  it  should  betray  by  chem- 
ical analyses  the  abuse  which  it  has  suffered. 

Table  65. — Analysis  of  loater  from  Connecticut  Rii'-er  below  Springfield. 

[Parte  per  million.] 


Turbidity. 

• 

1 

Nitrogen  as — 

3 

Date  of  collection. 

•2  • 

1 

5- 

6 
1 

•  8 

1 
% 

0.002 
.003 
.004 
.002 
.002 
.001 

1 

• 

1900. 
July  17 .- 

Very  slight . . 

Slight 

Decided . 

Very  slight . . 

Decided 

Slight 

2.5 
2.4 
2.9 
7.1 
7.2 
2.6 

0.184 
.148 
.280 
.268 
.368 
.152 

.  233 

0.112 
.112 
.156 
.064 
.048 
.006 

0.010 
.020 
.040 
.020 
.080 
.090 

1.7 
l.C 
2.9 
1.7 
2.0 
1.8 

61.0 
61.5 
78.5 
66.0 
65.0 
49.0 

:M 

August  18 

September  18... 

October  18. 

November  21 . . . 
December  29  .  _ . 

S4 
36 
25 
27 
25 

Average  . 

4.1 

.083 

.002 

.043 

1.9 

63.5 

30 

Crossing  over  into  the  State  of  Connecticut,  the  river  receives  other 
and  extensive  pollution.  The  Farmington,  Ilockanum,  Salmon,  and 
other  tributaries  have  already  been  discussed.  On  the  main  river  an? 
Hartford  and  Middletown,  as  well  as  numerous  other  smaller  centers, 
which  materially  increase  the  amount  of  pollution.  In  the  years  1890, 
1893,  1894,  and  18{)9,  the  State  Board  of  Health  of  Connecticut  maile 
examinations  of  the  water  of  the  river  at  three  points,  viz :  Warehouse 
Point,  Rocky  Hill,  and  Goodspeed  Landing.  Analyses  made  at  these 
points  are  well  adapted  to  show  the  effects  of  the  contribution  by 
various  towns  of  new  contamination  to  the  already  jwUuted  river. 
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Table  66. — Analyses  of  vtxiter  from  Connecticut  River  at  Warehouse  Pointy 

Rocky  Hill,  and  Goodspeed  Landing. 

[Parts  per  million.] 
WAREHOUSE  POINT. 


Albumi- 
noid am- 
monia. 


.116 
.192 
.130 


Nitrogen  as- 

1 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

1 

e 

1 

3 

o 

'     0.034 

0.002 

0.12 

1.23 

44.2 

.086 

•*much" 

.20 

1.85 

66.5 

.064 

.005 

.06 

2.58 

76.5 

.048 

.002 

.15 

2.70 

77.  ^ 

0 
•o 


23 

44 
30 


ROCKY  HILL. 


1890-91 
1893.. _ 
1894  - .  _ 
1899  - . _ 

1890-91 
1893- -_ 
1894  .. 

1899  - . - 


3 

0.  ia5 

0.033 

0.002 

0.11 

1.28 

3 

.112 

.0.54 

.010 

.10 

1.75 

3 

.156 

.102 

.006 

.30 

8.50 

3 

.164 

.068 

.008 

.18 

2.70 

44.6 
66.5 
73.5 
78.5 


25 

48 
32 


OOODSPEED  LANDING. 


1 

3 

0.130 

0.036 

0.001 

0.13 

1.36 

45.0 

3 

.110 

.044 

.005 

.08 

1.81 

65.5 

2 

.182 

.064 

.004 

.08 

3.04 

73.0 

3 

.244 

.066 

.008 

.20 

3.20 

73.0 

25 

44 
32 


There  is  little  to  add  concerning  the  Connecticut  River  and  its 
relations  to  the  various  interests  which  have  claims  upon  it.  There 
is  no  reason  why  this  stream  could  not  be  kept  in  a  condition  that 
would  be  acceptable  to  all  concerned.-  Under  the  present  condi- 
tions, however,  much  of  its  value  is  lost.  The  river  comes  down  to 
the  Massachusetts  line  practically  uninjured,  but  in  its  course  through 
Massachusetts  it  is  robl>ed  of  its  values  as  a  source  of  water  supply 
and  of  ice.  Under  the  present  policy  of  the  State  authorities  the 
condition  of  the  river  is  not  likely  to  grow  worse,  but,  on  the  contrary, 
will  no  doubt  be  improved,  so  that  we  can  look  forward  with  confi- 
dence to  the  removal  of  the  dangerous  wastes  which  are  now  poured 
into  the  Connecticut  system  in  Massachusetts.  In  Connecticut  the 
river  has  great  values  as  a  source  of  power,  as  a  means  of  navigation, 
and  as  a  park  nucleus,  but  the  remainder  of  its  normal  values  have 
been  destroyed. 
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HOU8ATONIC  RIVER. 

NATURAL  RESOURCES. 

Course. — ^The  Housatonic  is  an  important  stream  flowing  through  the 
extreme  southwestern  part  of  New  England.  It  has  its  origin  in  the  cen- 
tral part  of  Berkshire  County,  Mass.,  being  formed  by  the  confluence 
of  East  and  West  branches,  which  unite  at  Pittsfield.  From  Pitts- 
field  it  flows  southwai'd  in  a  somewhat  tortuous  course,  passing  into 
Connecticut  through  Litchfield  County,  and  still  farther  south  form- 
ing the  boundary  between  New  Haven  and  Fairfield  counties,  finally 
emptying  into  Long  Island  Sound  near  Bridgeport.     (See  fig.  11.) 

Drainage  basin. — ^The  area  drained  by  Housatonic  River  comprises 
1,933  square  miles,  of  which  503  are  in  Massachusetts.  The  river  in 
its  winding  course  traverses  about  125  miles.  The  East  Branch,  which 
has  a  drainage  area  of  70  square  miles,  rises  not  far  from  Pitt«field, 
and  flows  by  an  extremely  circuitous  route  through  the  manufacturing 
settlements  of  Hinsdale  and  Dalton,  finally  joining  West  Branch  south 
of  Pittsfield.  The  West  Branch  is  formed  by  the  overflow  of  Onota 
and  Pontoosuc  lakes,  in  Pittsfield,  and  flows  in  a  southerly  direction, 
draining  an  area  of  59  square  miles.  One  of  the  principal  branches 
of  West  Branch  is  Southwest  Branch,  which  rises  in  Richmond  I^ke 
and  joins  West  Branch  a  short  distance  above  its  confluence  with 
East  Branch. 

Fall. — The  fall  of  the  river  between  Pittsfield  and  Long  Island 
Sound  amounts  to  about  1,000  feet.  It  is  distributed  along  gravelly 
shoals,  with  intervening  stretches  of  quiet  water.  There  are  falls  at 
New  Milford,  Bulls  Bridge,  and  Falls  Village. 

Table  67. — Table  showing  fall  in  Housatonic  River. 


Lcx^ality. 


Distance 

above 

mouth. 


Elevation 

above 

mouth. 


Pittsfield,  Mas8 _ 

Ashley  Falls,  Mass. 

Falls  Village,  Conn 

1.8  miles  above  Cornwall 

Bridge  .  _ 

Mouth  of  Shepaug  River. . 
Birmingham  .  _  _ _ . . 


Fall  be 
tween 
I>oint8. 


Feet. 


361 

165 
352 
105 


Distance  ,  ^IS^?^J*° 

between  '      Kf  ™*^*' 
points.  between 

*^  I       points. 


MilfJt.        I  Fe^t. 


50.5 

8.5 
43.5 

18.5 


7.15 

19.41 

10.20 

5.68 


The  drainage  area  is  hilly  and  even  mountainous,  the  uplands  are 
fairly  well  wooded,  and  the  valleys  are  wide,  with  alluvial  meadows. 
The  falls  in  the  river  are  over  ledges  of  limestone  and  granite,  and 
fairly  good  building  marble  is  quarried.  A  small  amount  of  iron  ore 
is  mined.  There  is  also  easily  available  a  pure  q^uart^  ^ad  which  has 
become  famous  in  th©  ^^ss  industry. 
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Xlie  country  is  proB- 
perouR,  and  the  power 
facilities  have  attracted 
a.  Hkilled  class  of  arti- 
san.M,  The  pi-iucipal  in- 
iliiKtries  are  the  niauu- 
f{i<*ture  of  pai>er  and 
woolen  goods.  The  rail- 
r«ja<i  facilities  are  very 
Kood. 

_Z'7'"r.— The  flow  of 
the  river  is  fairly 
Hteadj',  because  of  the 
lar^e  storage  area, 
which  is  partly  natu- 
ral and  partly  of  arti- 
ficial development.  It 
is  prolmble  that  the  res- 
ervoir capacity  has  been 
developed  to  nearly  itiS 
full  extent.  The  ap- 
proximate ai'tia  of  ^5 
ponds  aud  reservoirs  iii 
tbo  basin  is  9,304  acres. 

The  principal  ponds 
ar«!  Pontoosic  Lake, 
Lanesboro,  Mass.,  313 
acres;  Onotn  Lake, 
Litchfield,  Mass.,  555 
acres;  Ashiiiere  reser- 
voir, Hinsdale,  Mass., 
yiO  acres;  Washinee 
Lake,  Salisbury,  Conn., 
40<J  acres ;  Washining 
Lake,  Salisbury,  Conn., 
650  aci-es ;  Wononsco- 
pomus  Lake,  Salisbury, 
C'onn.,  355  acres;  Quas- 
sa|>aiiK  Pond,  Middle- 
bury,  Conn.,  535  acres; 
Bantam  Lake,  Litch- 
field, Conn.,l,070acres; 
North  Pond,  Goshen, 
Conn.,  300  acres. 

There  have  been  no 
gagings  of  the  river 
extending  over  a  period 
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sufficiently  long  to  determine  its  flow  with  accuracy.  In  the  year 
1878  careful  examinations  were  made  from  Mav  to  November  at 
Kent,  by  the  water  department  of  New  York,  and  the  results  prob- 
ably show  fairly  well  the  summer  flow  of  the  river.  According  to 
these  gagings  the  minimum  flow  for  twenty-four  hours  was  260  cubic 
feet  per  second,  while  the  average  flow  for  the  same  periiKi  amounted 
to  460  cubic  feet  per  second. 

Water  jxywer. — After  what  has  already  been  stated  it  is  hardly  nec- 
essary to  say  that  the  river  may  be  valuable  as  a  source  of  jjower. 
The  total  utiHzed  horsepower  on  the  whole  system  is  about  18,884. 
In  the  main  river  the  utiliased  horsepower  is  6,434,  and  the  remainder 
is  distributed  among  the  tributaries  as  follows:  Naugatuck  River, 
4,009;  Mad  River,  1,220;  Pomperaug  River,  361;  Shepaug  River,  095; 
all  other  tributaries,  5,265. 

The  details  of  the  power  system  are  well  set  forth  in  the  Tenth 
Census  Report  on  Water  Power,  Vol.  XVI. 

NORMAL  WATER  IN  THE  HOU8ATONIC  BASIN. 

The  limestone  formations  in  the  Housatonic  Basin  make  the  water 
hard.  In  other  respects  the  normal  Housatonic  water  does  not 
materially  differ  from  that  in  the  Connecticut  Basin.  The  normal 
chlorine  for  this  region  varies  from  about  0.8  part  per  million  at  the 
upper  end  of  the  area  to  3  parts  near  the  mouth  of  the  river. 

The  following  table  of  analyses  represents  the  averages  of  the  results 
of  various  examinations  of  water  made  during  the  past  decade. 


Table  68. — Analyaen  of  various  normal  tcaters  in  the  Housatonic  drainage  arecu 

[PartK  per  million.] 


Place  of  collection. 


East  Branch  of  HouFa- 
tonic  above  Hinsdale. 

Lake  Oneota,  Pittafleld  . 

Pontoosuc  Lake,  Pitts- 
field. 

Egypt  Brook,  Dalton  . . . 

Green    River,    Great 
Barrington. 

Hinsdale  storage  reser- 
.  voir. 

Upper  reservoir,  Berk- 
shire Water  Co. 

Millbrook       reservoir, 
Pittafleld. 

Lake     Averic,     Stock- 
bridge. 

Padaraniom  reservoir, 
Danbnry. 

Kent  reservoir 

North  Canaan 

Farm  Brook 


Slight 


.do 


.do 
.do 

.do 

do 

do 

.do 

do 

.do 

do 

.do 


1 

•bidity. 

Albu- 
minoid 
ammo- 
nia. 

ilight 

2.0 

0 
0 

2.9 

0.138 

.158 
.128 

.080 

.028 

2.1 

3.9 

.1 

.8 

.8 

.1 

.02 

.4 

.202 

.3[18 

.006 

.181 

.162 

.080 

.080 

.105 

Nitrogen 


Free 
ammo- 
nia. 


0.09B 

.aw 

.006 

.ai2 

.005 

.017 

.066 

.011 

.021 

.080 

.008 
.004 
.022 


)n  as— 

Ni- 
trites. 

Ni- 
trates. 

0.001 

0.180 

.000 

.090 

.000 

.000 

.000 

.196 

.000 

.225 

.000 

.017 

.000 

.027 

.000 

.057 

.000 

.022 

.003 

.09 

.000 

1 
.12 

.001 

.05 

.001 

.11 

s 

X 
o 

O 


0.8 

.3 
.4 

.7 
1.0 

.7 

LO 


.8 

1.95 

1.56 
1.25 
L84 


1 


9 

o 

Eh 


54.0 

66.0 
79.0 

27.3 
74.1 

ao.7 

».7 

53.5 

6S.0 

47.7 

64.5 

111.6 

50.2 


a 
X 


56 
1 
4 

40 
40 
13 

ao 

98 
12 
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POLLUTION  IN   THE  HOUSATONIC. 

TKe  populatiou  in  the  Ilousatoiiic  Basin  has  increased  rapidly  dur- 
ing recent  years,  and  the  consequent  pollution  has  become  a  matter  of 
^I'Skve  consideration. 

Tlie  East  Branch  of  the  Housatonic  receives  pollution  from  the 
manufacturing  villages  of  Hinsdale  and  Dalton,  which  have  a  popu. 
lation  of  1,485  and  3,014,  respectively.  The  report  of  the  State  Board 
of  Health  for  1890  gives  analyses  of  water  collected  below  these  vil- 
lages which  show  a  considerable  increase  in  the  amount  of  organic 
matt^er  present.  A  comparison  of  the  analyses  in  Table  69  with  the 
first  analysis  presented  in  Table  68  will  clearly  show  indications  of 
se^wage  pollution. 

TABL.B  69. — Arudyses  of  water  from  East  Branch  of  the  Housatonic  above 

Pittsfield, 
[Parts  per  million.] 


Turbidity. 

Color. 

Nitrogren  aa— 

Chlorine. 

Date  of  col- 
lect tion. 

Albnmi- 
noid  am- 
monia. 

Free  am- 
monia. 

Nitrites. 

Nitrates. 

Total 
residne. 

1888. 
Sept.  7--- 

I>0--. 

Slight 

Distinct--. 

2.0 
2.0 

0.238 
.390 

0.092 
.092 

0.008 
.003 

0.180 
.200 

1.9 
2.0 

112 
117.6 

Althoagh  these  analyses  were  made  in  the  year  1888,  the  conditions 
now-  existing  in  the  river  compare  very  closely  to  those  found  in  the 
year  of  the  analyses.  The  population  in  this  part  of  the  drainage 
area  lias  not  increased  materially  and  the  analyses  therefore  fairly 
represent  existing  conditions. 

Tabl£  70. — Analyses  of  trater  from  the  East  Branch  of  the  Housatonic  at 

Pittsfield. 
[Parts  per  million.] 


Date  of  collec- 
tion. 


Nitrogen 


Tnrbidity 


1900. 

Jjne26 

July  27 

September  14. 
September  25. 
October  28... 
November  20. 
December  18 . 

Average  . 


Slight 

Decided . . . 

do  .... 

Very  slight 

Slight 

Decided . . . 
Slight 


»na»— 

1 

1 

X 

t 

■*± 

^ 

■IH 

■s 

}z; 

'^ 

C 

o 

Q 


0.004 

0.100 

1.4 

.006 

.070 

2.6 

.009 

.060 

8.1 

.007 

.100 

3.0 

.008 

.120 

3.9 

.002 

.190 

2.4 

.006 

.310 

2.3 

.006 

.145 

2.6 

5 

o 


92.5 
101.5 
122.5 
126.5 
135.5 

98. 5 
106.5 


66 
70 
87 
91 
97 
63 
79 
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Table  71. — Analyses  of  water  from,  'West  Branch  of  the  Housatonic  at  JHttsfieid. 

[Parts  per  million.] 


Date  of  collec- 
tion. 


1900. 

Jnne  26 

July  27 

September  14 
September  25 
October  23... 
November  20 
December  18 


Average 


0.268 

0.084 

0. 001 

0.010 

.216 

.004 

.000 

.000 

.432 

.008 

.000 

.020 

.452 

.012 

.002 

.010 

3. 260 

.970 

.000 

.010 

.410 

.080 

.003 

.060 

.328 

.140 
.209 

.019     .090 

.821 

.031 

.  031 

1.5 
2.4 
2.8 
3.2 
15.6 
2.2 
1.8 


76.5 
83.5 
92.5 
104.0 
458.0 
102.0 
103.5 


46 
58 
63 

89 
60 
79 


4. 4      155.  3 


65 


Tabi^  72. — Analyses  of  water  from  Southwest  Branch  of  the  Ho^iaaicniic  at 

Pittsfield, 

[PartH  per  million.] 


Date  of  collec- 
tion. 


1900. 

June  26 

July  27 

September  14. 
September  25. 

October  23 

November  20 . 
December  18  . 


Turbidity. 


u 

o 

o 
O 


2-23 

|i 


Nitrog 

en  a.H— 

1 

1 

1         o 

6        ' 

1        a 

1 

m 

1 

a 

I 

%* 
•«-• 

is 

O 

s 

& 

.a 

o 
Eh 

1 

S 

Average. 


Slight.   -. 

do  ... 

Decided . . 

do  .  . 

do 

do  ... 

None 


0.9 

0.376 

0. 372 

1.4 

.210 

.100 

1.3 

.434 

.064 

1.2 

.440 

.092 

1.5 

.364 

.304 

2.0 

.284 

.180 

.8 

.072 

.036 

1.3 

.291 

.166 

.004 

.060 

.012 

.020 

.005 

.010 

.007 

.080 

.006 

.340 

.002 

.420 

.007 

.159 

2.3 
1.2 
1.8 
2.5 
2.6 
2.3 
1.8 


2.0 


96.5 
137.5 
154.  O 
144.0 
180.  5 
180.0 
116.5 


61 
lO:? 

96 

94 
123 
126 

97 


144.8 
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The  analyses  set  forth  in  Tables  70,  71,  and  72  represent  the  charac- 
ter of  the  water  furnished  to  the  Ilouaatonic  River.  It  will  be  seen 
that  everj'^  branch  which  contributes  to  form  the  main  artery  at  Pitts- 
field  is  highly  pollnt/cd,  and  therefore  the  Ilousatonic  at  the  very  out- 
set is  a  badly  damaged  stream.  The  West  Branch  seems  to  be  in 
the  foulest  condition,  the  East  Branch  closely  following.     Nearly  all 
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the  pollution  in  the  West  and  Southwest  branches  is  furnished  by 
the  city  of  Pittsfield.  The  upper  reaches  of  these  two  streams  remain 
in  excellent  condition. 

Pittsfield,  a  city  of  21,766  inhabitants,  has  a  public  water  supply 
and  a  system  of  sewerage  which  empties  into  the  three  branches  of 
the  river.  During  the  period  in  which  the  analyses  in  Tables  70,  71, 
and  72  were  made  a  sewage-purification  system  for  the  city  of  Pitts- 
field  was  in  course  of  construction,  and  when  this  is  put  into  opera- 
tion a  large  part  of  the  sewage  which  now  enters  the  river  will  be  no 
longer  a  source  of  pollution. 

Passing  down  the  river  we  find  that  the  next  available  analyses  of 
Housatonic  River  water  were  made  from  samples  taken  at  New  Lenox, 
a  point  about  4  miles  below  Pittsfield.  The  drainage  area  of  the  river 
at  this  point  is  145.6  square  miles,  the  population  being  about  177  per 
square  mile.  The  following  table  comprises  the  average  result  of 
monthly  examinations  of  the  water  at  this  jioint  since  the  year  1894: 

Tabub  73. — Analyses  of  water  from  Housatonic  River  at  New  Lenox. 

[Parts  per  milUon.] 


Year. 


1894 

1895    .    . 

1896 

1897 

1898 

1899 

1900 


I 


Nitrogen  oa- 


o 


^1 


0 
.O 


_  a 


2.7 

0.183 

2.6 

.238 

2.6 

.192 

3.2 

.240 

2.7 

.223 

2.0 

.233 

2.2 

.278 

0. 131 
.183 
.169 
.159 
.106 
.197 
.378 


I 


0.024 
.038 
.036 
.008 
.008  i 
.017 
.018 


I 


0.204 
.173 
.208 
.203 
.178 
.132 
.118 


s 


2.5 
2.5 
2.2 
1.9 
1.5 
2.3 
2.8 


0 


3 

O 


131.7 
117.3 
118.8 
107.9 
94.0 
107.6 
111.7 


85 
84 
86 
75 
64 
74 
72 


Comparison  of  Table  73  with  the  three  preceding  tables  shows  that 
very  little  change  has  taken  place  in  the  amount  and  character  of  the 
organic  matter  in  the  river  after  it  has  traversed  the  4  miles  above 
mentioned.  The  water  seems  to  be  fairly  loaded  with  polluting 
material  in  every  state  of  oxidation,  and  there  seems  to  be  extremely 
rapid  decomposition  going  on.  There  is  nothing  of  an  unusual  nature 
in  the  above  series.  They  present  and  clearly  indicate  an  abundant 
pollution,  which,  as  we  have  seen,  is  borne  out  by  facts. 

Leaving  New  Lenox  the  river  flows  south  past  the  town  of  Lenox, 
which  has  a  population  of  2,942.  At  this  place  there  is  a  sewerage 
system,  but  it  is  provided  with  a  disposal  plant,  so  that  the  river  does 
not  receive  a  large  increment  of  pollution.     A  few  miles  farther  down 
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the  river  runs  through  the  town  of  Lee,  which  contains  3,956  inhab- 
itants. Considerable  polluting  matter  is  poured  in  at  this  point. 
Shortly  below  Lee  the  river  makes  a  sharp  turn  eastward  and  flows 
through  Stockbridge,  a  town  which  has  a  population  of  2,031.  A 
sewerage  system  is  maintained  at  this  point  and  filter  beds  have  been 
provided,  so  that  extensive  pollution  of  the  river  is  avoided. 

Table  74. — Analyses  of  water  frovi  Housatonic  River  at  Stockbridge. 

[Parts  per  million.] 


Date  of  collec- 
tion. 


Turbidity. 


1900. 
Jtuie26 
July  31 

Augnst  27 !  Decided 

September  26.1  Very  slight. 

October  23  _..' do 

I 

November  21 .  |  Decided 

I 
I 

Average  .1 _ . . 


1 

Nitrogren  as— 

1   2  .. 

6       1 

bumino 
mmonia 

amm 
ia. 

tes. 

1 

S"      5 

1 

1    <* 

£ 

•A 

1 
1 

« 

e» 

cs 

•a 

1 

u 

^.^ 

o       1 

08 

'A.' 

a 

c 

5 

H 

1.1    0.312  10.284  ,0.016   0.070 


.8 
1.5 
1.2 
1.5 
3.5 


.198 
.240 
.192 
.236 
.380 


.174 
.208 
.072 
.228 
.208 


1.6     .260     .195 


.014 
.026 
.012 
.018 
.007 


.100 
.022 
.110 
.220 
.210 


.005      .152 


2.9 
2.6 
3.3 
3.9 
4.4 
3.7 


120.5 
171.0 
136.0 
135.  0 
166.5 
133.5 


3.5  '   133.1 


a 
X 


96 

83 

93 

103 

117 

86 

96 


After  leaving  Stockbridge  the  river  again  turns  south  and  flows 
through  the  town  of  Great  Barrington  which  has  a  population  of 
5,854  and  which  contributes  a  large  amount  of  pollution. 

The  next  series  of  analyses  made  bythe  Massachusetts  State  Board 
of  Health  is  of  the  water  from  the  river  at  Sheffield,  just  north  of  the 
Connecticut  State  line.  There  seems  to  be  considerable  improve- 
ment in  the  water  at  this  point  over  that  at  Stockbridge.  The  aver- 
age of  the  six  analyses  of  the  water  from  the  river  made  during  the 
year  1900  is  set  forth  in  the  following  table: 

Table  75. — Average  of  six  analyses  of  water  from  Housatonic  River  at  Sheffield. 

[Parts  per  million.] 


■ 

1 

Nitrogen  as- 

Chlorine. 

Total  residue. 

i 

a 

•E 

90 

f 

1 

6 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

Nitrites. 

Nitrates. 

1.6  !  0.214 

1 

0.079 

0.004 

1.93 

2.8 

128.2 
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Tlie  above  average  of  analyses  clearly  indicates  a  fairly  large  degree 
of  purification  over  that  shown  in  Table  74.  It  will  be  seen  that  while 
tlie  color  and  residue  are  practically  the  same,  the  free  and  albuminoid 
a.xninonia  and  the  nitrites  are  considerably  less,  while  the  nitrates 
are  higher — an  unmistakable  indication  of  oxidation.  The  chlorine, 
too,  seems  to  be  in  smaller  proportion,  the  river  having  been  largely 
diluted  by  the  influx  of  pure  water. 

Passing  over  into  the  State  of  Connecticut  the  Ilousatonic  runs  by 
or  through  the  towns  of  Salisbury  and  North  Canaan,  where  the 
population  is  almost  entirely  rural,  although  these  places  are  rather 
tliickly  settled. 

At  Falls  Village,  a  few  miles  south  of  the  Massachusetts  border, 
tlie  Board  of  Health  of  the  State  of  Connecticut  has  during  the  j'^ear 
1 900  been  securing  samples  of  water  for  analysis  the  results  of  which 
are  set  forth  in  the  following  table: 


Ta^bue  76. — Analynes  of  water  from  Housatonic  River  at  Falls  Village y  Conn. 

[Parte  ]>er  million.] 


of  exami- 
nation. 


1900. 
January  26 .  _  . 
February  22  _. 

March  21 

April  30 

May  17- 

June  11 

Jxay  5 

An^uBt  14  — 
September  12 
CkjtoberlO... 
November  13 
I>ecember  10 

Average 


Comparison  of  the  above  series  with  that  matle  of  the  water  at 
Sheffield,  Mass.,  shows  a  still  further  purification.  In  some  respects 
tlie  water  at  Falls  Village  is  considerably  better  than  at  any  point 
Hince  it  received  its  first  contamination  at  Pittsfield.  One  can  not 
fail  to  be  impressed  with  the  fact  that  the  Housatonic  has  excellent 
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powers  of  recovery,  and  it  is  very  likely  that  if  the  sewage  of  the 
various  towns  along  its  banks  is  submitted  to  proper  treatment  the 
river  will  approach  nearly  its  normal  purity. 

The  State  Board  of  Health  of  Connecticut  has  conducted  another 
series  of  analyses  of  the  water  at  a  point  65  miles  below  the  town  of 
Falls  Village,  at  the  town  of  Derby,  just  below  where  the  Nangatuck 
joins  the  river.  In  passing  from  Falls  Village  to  Derby  the  llousa- 
tonic  goes  by  the  towns  of  Sharon,  Cornwall,  Kent,  New  Milford, 
Bridgewater,  Brookfield,  Roxbury,  Southbury,  Oxford,  Newton,  Mon- 
roe, Seymour,  and  Huntington.  All  these  municipalities  contain  from 
1,000  to  3,0CX)  inhabitants,  and  contribute  an  amount  of  contaminations 
usual  in  such  cases.  In  addition  to  these  towns  there  is  the  cit}'  of 
Danbury,  with  a  population  of  16,000,  which  contributes  raw  sewage 
in  large  amount.  In  spite  of  this  additional  pollution,  however,  the 
analysis  made  at  Derby  shows  very  little  change  in  the  character 
of  the  water. 


Table  77. — Aiialynes  of  water  from  Hoiutatonic  River  at  Derby. 

[Parts  per  million.] 


Date  of  colle<rtion. 


1900. 
January  29 . . 
February  21 
March  21    . . . 

April  2« 

May  17 

June  1 1  -  -     - 

July  5 

August  24 . . . 
Septeinl)er  1 1 
October  10... 
November  4 . 
December  10 
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1 
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3 
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■6 
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1 
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0. 002 

0.10 
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60 
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.  050 

.040 

.15 
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.15 
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70 

.078 

.002 

.15 
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80 

.  050 

.002 

.05 

2.4 

108.5 

70 

.040 

.000 

.10 

2.3 

115.5 

57 

.  026         .  060 

.05 

2.8 

116.5 

91 

.086  '       .001 

.10 

3.6 

116.0 

58 

.016 

.004 

.19 

8.5 

113.5 

36 

.006         .006 

1 

.20 

1.9 

82.5 

48 

.042 

.008 

.13 

2.44 

91.5 

56 

Below  Derby  the  Ilonsatonic  receives  the  polluted  water  of  it«  prin- 
cipal tributary,  the  Naugatuck,  and  flows  thence  into  Long  Island 
Sound.  We  have  now  traced  the  river  from  its  source  in  Massachu- 
setts to   its  mouth,  and  have  found  tliat  from  its  headwaters  it  is 
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polluted  to  a  sufficient  extent  to  entirely  unfit  it  for  a  »our<?e  of  water 
supply  unless  the  wat<»r  is  filtered.  This,  however,  is  alwut  as  far  as 
damage  extends.  Although  considerable  sewage  enters  the  river  at 
different  points,  such  is  the  dilution  and  such  the  purifying  capacity 
that  it  does  not,  except  at  a  few  points,  betray  its  contamination, 
except  by  chemical  analyses.  As  it  crosses  from  Massachusetts  into 
Connecticut  it  is  in  a  condition  which  makes  its  use  bj''  the  people  of 
Connecticut  as  a  source  of  water  supply  impossible  without  filtration. 
It  is  probable  that  the  Ilousatonic  River  will  in  the  future  be  con- 
stantly improved  by  the  removal  of  sewage  contamination  through  the 
establishment  of  purification  works  at  the  various  points  of  pollution. 

COURT  DECISIONS  IN  CONNBCTICHT. 

The  opinion  of  the  supreme  court  of  errors  of  the  State  of  ( 'Onnecti- 
cut  in  a  suit  at  law  against  the  city  of  New  Britain,  arising  from  the 
pollution  of  a  watercourse,  has  already  been  cited.  The  courts  of 
Connecticut  have  taken  no  uncertain  stand  on  the  question  of  river 
pollution.  In  no  other  State  in  the  Union  has  there  been  such 
unequivocal  judicial  disapproval  of  the  practice  of  destroying  water 
resources,  and  as  future  work  along  this  line  will  probably  result  in 
frequent  reference  to  the  Connecticut  cases  it  seems  wise  to  review 
briefly  the  different  decisions  which  have  been  rendered. 

The  case  of  Morgan  v.  The  City  of  Danbury  is  of  interest,  inasmuch 
as  it  involves  a  decision  against  a  city  which  had  provided  a  purifica- 
tion plant  for  the  disi)osal  of  sewage.  The  plaintiff,  a  riparian  owner 
and  a  mill  proprietor  on  Still  River,  complained  in  the  superior  court 
that  the  defendant,  without  making  him  any  compensation  or  attempt- 
injr  t^>  acquire  anj'  of  his  rights,  did  discharge  and  was  continuing  to 
discliarge  into  that  river  wastes,  sewage,  and  other  noxious  sub- 
stances, and  prayed  for  an  injunction  against  the  (continuance  of  that 
practice. 

Oanbury  is  a  city  of  20,000  inhabitants,  situated  on  Still  River,  a 
small  sluggish  stream  which  empties  into  the  Ilousatonic  10  miles 
below.  In  1885  a  system  of  sewerage  was  constructed  which  emptied 
directly  into  Still  River.  By  the  year  181K)  the  use  of  the  sewers  had 
increased  to  such  an  extent  as  to  cause  a  local  nuisance.  In  1893  an 
outfall  sewer  was  completed  which  conducted  the  sewage  1  mile  l>elow 
the  city.  During  the  summer  seasons  Still  River  has  scarcely  any 
flow,  and  the  Woolf  disinfecting  system  was  installed  in  1804,  for  use 
during  the  dry  stages  of  the  river.  It  consist.ed  of  large  vats  of  brine, 
from  which  a  solution  known  as  hyperchloride  of  sodium  was  devel- 
oped by  electric  currents. 

An  injunction  was  granted  against  further  discharge  of  sewage. 
An  appeal  was  taken. 

The  case  was  reviewed  by  the  supreme  court  of  eiTors  in  the  Jan- 
uary term  in  the  third  judicial  district,  189G,  and    following  are 
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extracts  of  the  opinion  of  the  court  handed  down  by  Associate  Justice 
Baldwin  (67  Conn.,  484): 

The  complaint  alleged  that  the  city  was  discharging  waste  matter,  sewage,  and 
other  noxions,  corrupt,  and  impnre  substances  from  its  sewers  so  as  to  pollate 
the  river  and  to  cause  much  of  such  discharges  to  be  deposited  on  the  plaintiff's 
land  and  mill  privilege;  and  that  thereby  he  had  been  largely  deprived  of  the  nse 
of  a  valuable  mill  and  mill  privilege,  he  and  his  workmen  injuriously  exposed  to 
noxious  odors,  the  air  in  the  neighborhood  corrupted  and  poisoned  so  as  to  endanger 
the  health  of  himself  and  others,  his  milldam  partly  filled  up  with  filth,  the  value 
of  his  property  greatly  diminished,  and  he  disabled  from  disposing  of  his  land  for 
building  purposes.    ♦    ♦    ♦ 

These  allegations  were  denied,  but  have  been  found  true;  and  there  is  nothing 
inconsistent  with  their  truth  in  the  si)ecial  finding  of  facts.  *  *  *  It  was 
proper  that  an  injunction  should  be  so  framed  as  to  protect  the  plaintiff  against 
every  serious  and  irreparable  injury  which  he  might  suffer  by  the  continuance  of 
the  nuisance,  and  its  terms  are  fully  conformable  to  the  claims  statod  in  his 
complaint. 

»  «  *  r^i^Q  supplemental  answer,  setting  up  the  establishment  of  the  Woolf 
disinfecting  plant,  avers  that  the  discharges  from  the  sewer  have  thereby  been 
rendered  ''  entirely  harmless  and  free  from  any  offensive  qualities,  and  no  solid 
matter  is  permitted  to  empty  from  said  sewer  into  said  stream,  but  the  same  is 
liquefied  and  clarified  and  the  plaintiff  is  relieved  thereby  of  all  danger  in  the 
future  from  the  said  sewer."  *  *  *  These  allegations  were  denied,  and  the 
issues  upon  them  have  been  found  for  the  plaintiff. 

*  *  *  It  is  not  impossible  that  fluids  discharged  from  the  sewer,  although 
colorless,  sterilised,  and  apparently  innoxious,  may  yet  be  such  as,  by  combination 
with  other  substances  found  in  the  river,  to  become  the  occasion  of  decomposition 
and  consequent  pollution.    ♦    ♦    * 

The  defendant  urges  that  it  should  not  be  made  re8XX)n8ible  for  the  acts  of 
others,  and  that  if  its  sewage  is  thoroughly  disinfected,  sterilized,  and  parified 
before  its  discharge  into  the  river,  nothing  further  should  be  required,  even 
though,  as  it  flows  down  the  stream,  it  may  be  brought  into  contact  with  other 
substances  in  such  a  way  as  to  work  a  nuisance.  But  the  right  to  deposit  a  thing 
in  any  place  must  always  be  dependent,  not  only  on  its  own  nature  but  on  Ihe 
nature  of  the  place  in  question  and  the  uses  to  which  that  has  already  been  put 

In  a  similar  suit  brought  by  Piatt  Bros.  <fc  Co.,  to  restrain  the  city 
of  Waterbury  from  polluting  Naugatuck  River  above  the  complain- 
ant's mill,  the  superior  court  rendered  judgment  for  $500,  and  an 
injunction  was  issued.  Appeal  was  made  by  the  State  to  the  supreme 
court  of  errors,  and  a  decision  was  handed  down  January  4,  1900,  by 
Associate  Justice  Ilammersley.  This  opinion  deals  so  clearly  and 
admirably  with  that  oft-repeated  contention  of  municipal  authorities 
that  a  city  is  not  liable  for  damages  because  of  sewage,  if  it  has  been 
authorized  to  turn  the  same  into  a  stream  by  an  act  of  the  legislature, 
that  a  large  part  of  the  decision  will  be  given  here  (72  Conn.,  531): 

The  main  contention  of  the  defendant  may  be  stated  in  this  way:  The  use  of 
the  sewers,  under  authority  of  the  legislature,  in  the  manner  described,  ia  a  public, 
governmental  use;  the  injuries  to  the  plaintiffs  result  from  this  governmental  use 
and  are  not  direct  but  merely  consequential;  the  victim  of  consequential  injuries 
resulting  from  a  governmental  use  is  entitled  to  no  remedy  unless  one  is  given  by 
statute;  the  defendant's  charter  provides  no  remedy  for  consequential  injuries 
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restiltiiigr  from  the  use  of  said  sewers;  ergo,  the  plaintiff  has  no  remedy,  and  its 
damage  is  damnum  abeqne  injnria. 

The  premises  essential  to  this  conclusion  are  untrue.  A  govemmenral  use  may 
iaclode  any  act  which  the  State  may  lawfully  perform  or  authorize.  There  are, 
boi^ever,  governmental  acts  to  which  certain  immunities  attach;  and  it  is  with 
this  restricteil  meaning  that  the  phrase  is  used  hy  the  defendant.  In  this  sense 
a  governmental  act  is  one  done  in  pursuance  of  some  duty  imposed  by  the  State 
on  a  person,  individual  or  corporate,  which  duty  is  one  pertaining  to  the  adminis- 
tration of  government,  and  is  imposed  as  an  absolute  obligation  on  a  person  who 
receives  no  profit  or  advantage  peculiar  to  himself  from  its  execution.  It  is  the 
State,  exercising  its  governmental  power  through  an  agent  who,  in  this  matter, 
is  tl&e  agent  of  the  State  and  nothing  more.  It  is  to  be  distinguished  from  a 
lar^e  class  of  governmental  acts  which  the  State,  by  way  of  grant  or  special 
privilege,  authorizes  persons  to  perform  in  part  for  their  personal  benefit.  The 
princdx)al  immunities  belonging  to  a  governmental  act,  in  this  restricted  sense, 
are:  (1)  Freedom  from  personal  responsibility  for  the  consequences  of  the  act 
done.  So  long  as  a  lawful  mandate  of  the  State  is  faithfully  executed,  the  agent 
actinfi^  within  the  scope  of  that  authority  enjoys  the  exemption  from  suit  which 
belongs  the  State.  (2)  Freedom  from  personal  responsibility  for  the  negligence 
of  his  servants.  The  rule  of  respondeat  sui)erior  does  not  api)ly ,  because  the  agent 
of  tbe  State  is  not  the  superior:  the  real  superior  is  the  State  itself. 

Tbe  defendant  claims  these  immunities.  It  may  be  doubted  whether  the  use  of 
se'wers  under  the  charter  of  the  defendant,  for  the  collection  and  disposition  of 
refnse  belonging  to  its  citizens,  is  a  governmental  act  within  the  definition  given. 
Tbe  cbarter  authorized  the  construction  of  sewers  for  that  purpose,  but  no  abso- 
Inte  dnty  was  imposed  upon  the  city;  action  in  pursuance  of  the  authority  was 
at  its  option  and  could  not  have  been  enforced  by  any  process  of  law  without  fur- 
tber  legislation.  While  sewers  or  drains  for  the  disposition  of  surface  waters  col- 
lecting in  highways  may  be  considered  as  mere  adjuncts  of  a  highway,  partaking 
of  its  nature  as  a  governmental  use  (Cone  t\  Hartford,  28  Conn.,  363, 372) , it  is  dif- 
ferent with  sewers  for  the  disi)osition  of  refuse  and  filth  accumulated  upon  private 
property.  The  disposition  of  such  stuff  is  in  part  for  the  benefit  of  the  property 
bolder.  The  city  represents,  in  such  respects,  the  interests  of  its  inhabitants,  and 
is  granted  certain  sx)ecial  powers,  in  part  for  the  promotion  of  their  interests 
(Bronson  v.  Wallingford,  54  Conn.,  513,  519).  It  is  well  settled  that  there  is  a 
clear  distinction  between  those  governmental  duties  imposed  upon  a  city  as  a 
mere  agent  of  government  and  those  governmental  powers  granted  as  a  privilege 
primarily  for  the  personal  benefit  of  its  inhabitants.  *  ♦  ♦  "VVe  think  it  evident 
tbat  tbe  mere  granting  authority  to  a  city  to  construct,  for  the  convenience  and 
benefit  of  its  inhabitants,  sewers  adapted  to  carry  off  their  refuse  matter  to  some 
neigbboring  stream,  does  not  necessarily  make  such  use  of  the  sewers  a  govern- 
mental use  in  the  sense  indicated.    *    *    * 

Bnt  if,  for  the  purpose  of  this  case,  we  concede  the  defendant's  claim  that  the 
nse  is  a  governmental  use,  it  is  nevertheless  liable  to  the  plaintiff.  The  injury 
described  by  the  complaint  is  not  a  mere  consequential  damage,  like  thdt  resulting 
'fvbolly  from  the  lawful  use  of  one's  own  property,  or  the  lawful  exercise  of  govern- 
mental power;  it  is  a  direct  appropriation  of  well  recognized  property  rights  within 
tbe  guarantee  of  the  Constitution — '*  The  property  of  no  person  shall  be  taken  for 
pnblic  nse  without  just  compensation  therefor  "  (Nolan  v.  New  Britain,  supra,  p. 
681 ) ,  and  so  the  defendant's  claim  that  its  charter  does  not  authorize  the  condem- 
nation of  the  plaintiff^s  property  rights  is  inmiaterial.  Upon  a  careful  examina- 
tion of  the  charter  as  enacted  in  1871  (7  Special  Acts,  206)  and  amended  in  1881 
(9  id.,  288  et  seq.,  237),  in  1883  (9  id.,  839),  and  in  1884  (9  id.,  954),  and  applying 
tbe  rule  which  requires  a  law  to  be  so  construed,  if  reasonably  possible,  a?  to 
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give  it  validity,  we  think  the  city  is  authorized  to  make  compensation  by  agree- 
ment or  after  appraisal,  for  any  private  property  taken  for  the  purpose  of  the 
maintenance  and  use  of  the  sewers  authorized.  But  if  it  were  otherwise,  the 
defendant  would  not  be  benefited.  Its  whole  defense  of  acting  under  lawful  State 
authority  would  then  fail,  and  the  mere  finding  of  the  facts  alleged  in  the  com- 
plaint would  clearly  support  the  judgment. 

The  defendant's  brief  presents  its  claim  in  a  form  somewhat  different  from  that 
stated  in  the  finding,  and  certainly  novel  in  this  State.  It  is  substantially  this: 
( 1 )  A  riparian  city  has  a  right  to  use  the  river  for  certain  drainage,  and  sucb  sur- 
face drainage  necessarily  pollutes  the  water  to  some  extent,  increasing  ^witb  the 
growth  of  the  city.  (2)  The  use  of  these  legitimate  drains  to  carry  off  the  noxious 
refuse  accumulated  by  its  inhabitants  becomes  in  time  an  absolute  necessity.  (3) 
The  right  of  surface  drainage  is  thereby  enlarged  so  as  to  include  the  right  to 
discharge  into  the  river,  by  means  of  these  drains,  such  noxious  refose.  There- 
fore the  ne(;es8ities  of  municipal  growth  give  the  city  a  right  to  convey  these  nox- 
ious substances  to  the  property  of  downstream  proprietors,  and  so  to  appropriate 
that  property  for  public  use  without  compensation. 

It  is  unnecessary  now  to  discuss  the  limitations  to  the  right  of  surface  drainage. 
for  the  second  and  third  propositions  are  clearly  wrong.  The  right  to  pour  into  the 
river  surface  drainage  does  not  include  the  right  to  mix  with  that  drainage  nox- 
ious substances  in  such  quantities  that  the  river  can  not  dilute  them  nor  safely  carry 
them  off  without  injury  to  the  property  of  others.  The  latter  act  is,  in  effect,  an 
appropriation  of  the  bed  of  the  river  as  an  open  sewer,  and  the  proposition  that  it 
may  become  lawful  by  reason  of  necessity  is  inconsistent  with  undoubted  axioui:; 
of  jurisprudence.  The  appropriation  of  the  river  to  carry  such  substances  to  the 
property  of  another  is  an  invasion  of  his  right  of  property.  When  done  for  a 
private  puri)ose  it  is  an  unjustifiable  wrong.  When  done  for  a  public  pnr|x)se  it 
may  become  justifiable,  ))ut  only  upon  payment  of  compensation  for  the  property 
thus  taken.  Public  necessity  may  justify  the  taking,  but  can  not  justify  the  tak- 
ing without  compensation.  It  may  be  necessary  for  a  city  to  thus  mix  with  its 
drainage  such  substances,  but  it  is  not  necessary  to  pour  such  mixture  into  the 
river  without  purification;  indeed,  the  purification  is  coming  to  be  recognized  as 
a  necessity.  But  however  great  the  necessity  may  be,  it  can  have  no  effect  on  the 
right  to  compensation  for  property  taken.  The  mandate  of  the  Constitution  is 
intended  to  eicpress  a  universally  accepted  principle  of  justice,  and  should  receive 
a  construction  in  ac(;ordance  with  that  principle,  broad  enough  to  enable  the  court 
to  protect  every  person  in  the  rights  of  property  thus  secured  by  fundamental  law. 

There  are  certain  apparent,  but  not  real,  exceptions  to  this  protection.  Emer- 
gencies may  be  such  as  to  justify  the  taking  of  property  without  waiting  to  pro- 
vide for  compensation;  property  may  be"  destroyed  without  compensation  in 
certain  cases  when  used  unlawfully,  or  when  it  has  become  a  thing  of  danger. 
But  this  is  not  a  case  of  war  or  conflagration.  The  plaintiff  has  not  so  nsed  its 
property  as  to  subject  it  to  the  harsh  police  power  of  confiscation.  The  plaintiff 
has  certain  rights  as  a  riparian  landowner.  These  rights  are  property  within  the 
meaning  of  our  constitutional  guaranty,  and  an  invasion  of  these  rights  snch  as 
the  defendant  has  made  is  a  taking  of  that  property.  The  legislature  has  no 
power  to  authorize  such  taking  except  for  public  use,  and  then  only  upon  providing 
for  just  compensation.  (Kellogg  v.  New  Britain,  62  Conn.,  232,  239;  Wadsvrorth 
V.  Tillotson,  15  id.,  366, 373;  Harding  v.  Stamford  Water  Co.,  41  id.,  87,  98;  Nolan 
V,  New  BritaiQ,  69  id.,  668,  681;  Fisk  v,  Hartford,  70  Conn.,  720,  731;  Seifert  r. 
Brooklyn,  101  N.  Y.,  136;  Chapman  v,  Rochester,  110  id.,  378,  277.) 

An  action  for  fouling  a  brook  and  mill  privilege  by  the  discharge 
of  sewage,  with  a  claim  for  damages  and  an  injunction  against  the 
town  of  New  Milford,  was  brought  by  Joseph  E.  Watson  ©t  ux.  in  the 
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superior  court  in  Litchfield  County,  and  on  trial  by  the  coui*t  (Shuin- 
iwray,  J.)  an  injunction  was  refused  and  judgment  was  rendered  for 
tlie  plaintiff  for  150  damages.     An  appeal  was  taken  by  the  defendant 
for  alleged  errors  in  the  rulings  of  the  court.     No  error. 
The  finding  stated  these  facts: 

The  plaintiffs*  land  is  situated  on  Great  Brook,  in  New  Milford.  There  are  no 
l>Tiil<liiig8  on  it.  To  nse  it  for  buildings  would  require  some  previous  filling  on  a 
part  of  it.  It  has  been  used  for  pasturage,  and  partly  for  cultivation,  but  yields 
no^w  little  income.  The  annual  rental  value  is  $75,  and  has  not  been  substantially 
affected  by  the  fouling  of  the  brook.  The  court,  at  the  request  of  the  parties, 
vieTv^ed  the  premises,  in  the  summer,  when  the  water  was  low,  and  saw  on  the 
msLTgin  of  the  brook  a  sediment  giving  off  odors  of  putrefying  sewage,  unwhole- 
some and  offensive,  and  also  undissolved  constituents  of  house  sewage  lying  on 
the  ground,  offensive  to  the  sight.  At  times  of  high  water  such  conditions  would 
not  exist. 

Since  1876  the  sewage  from  the  town  hall  had  been  discharged  through  a  drain 
constructed  by  a  village  improvement  association  into  Great  Brook  above  the 
plaintiffs'  land.  In  1893  all  the  school  districts  in  the  town  were  consoUdated, 
and  the  town  took  charge  of  the  public  schoolhouses  then  erected.  One  of  these 
then  discharged  its  sewage  into  Great  Brook,  and  has  ever  since. 

The  plaintiffs  lived  seven  miles  from  their  land  in  question.  The  waters  of  the 
brook,  where  it  runs  through  it,  are  potable  by  cattle,  and  there  are  trout  in  it. 
This  'water  privilege  has  no  value  in  its  present  condition. 

In  1893  the  defendant  extended  certain  sewers  through  the  plaintiffs'  land  and 
into  the  brook  thereon,  and  has  since  maintained  the  same.  These  serve  to  carry 
off  the  surface  water  from  the  streets,  and  also  house  sewage.  Various  houses 
have  heen  connected  with  them  for  the  discharge  of  their  sewage  into  them,  with 
the  knowledge  of  the  selectmen. 

The  town,  by  its  use  of  the  brook  as  a  means  of  getting  rid  of  the  sewage  from 
the  town  hall  and  schoolhouse,  has,  in  connection  with  its  use  by  citizens  for  car- 
rying off  sewage  from  their  houses,  caused  the  state  of  things  viewed  by  the 
conrt.  The  damage  thus  caused  is  not  irreparable,  but  an  injunction  would  be 
a  proper  remedy  to  prevent  multiplicity  of  suits,  should  the  town  continue  such 
nse  of  the  plaintiffs'  premises  for  an  unreasonable  length  of  time  hereafter.  It 
\^as  not  found  that  the  nuisance  had  prevented  them  from  effecting  a  sale  of  the 
proi>erty. 

The  case  was  reviewed  by  the  supreme  court  of  errors  in  the  Jan- 
uary term,  in  the  finst  judicial  district,  1900,  and  the  following  extract 
is  from  the  decision  handed  down  January  It),  1900,  by  Associate  Jus- 
tice Baldwin  (72  Conn.,  561): 

A  nnifiance  was  created  upon  the  plaintiffs'  land  by  the  deposit  of  sewage  and 
sediment  from  sewage,  offensive  from  its  appearance  or  its  smell.  The  use  of  the 
sewers  Tvhich  receive  the  surface  drainage  from  highways,  and  of  that  huilt  by 
the  village  improvement  association,  by  the  defendant,  to  carry  off  the  sewage 
from  its  public  buildings,  contributed  to  this  injury.  That  others  also  contrib- 
nted.  to  it,  and  perhaps  more  largely,  did  not  relieve  the  town  from  liability. 
(Morgan  v.  Danbury,  67  Conn.,  484,  496.) 

That  the  plaintiffs  suffered  no  personal  inconvenience  from  the  nuisance,  because 
they  did  not  reside  in  the  vicinity,  is  immaterial.  They  were  entitled  to  nominal 
damans,  at  least,  for  the  offensive  condition  of  things  upon  their  land,  even  if 
they  never  visited  it,  and  although  its  rental  and  selling  value  remained  unim- 
paired.    (Wat«on  V.  New  MUford  Water  Co.,  71  Conn.,  44^.)    It  t^Qae  assessed 
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can  be  regarded  as  substantial,  they  are  still  so  small  in  amount  that  no  new 
trial  shonld  be  granted  for  their  reduction.  (Bnddington  v.  Knowles,  30  Conn., 
26:  Holbrook  r.  Bentley.  32  id.,  502,  508.) 

The  action  was  well  brought  against  the  defendant  as  a  town,  and  not  as  a 
consolidated  school  district.  It  is  a  single  corporation,  and  the  consolidation 
simply  threw  upon  it  additional  powers  and  duties.  It  maintained  as  a  town  a 
nuisance  previously  created  by  a  district. 

That  the  plaintiffs  in  prior  years  had  discharged  sewage  and  dyes  from  a  hat 
shop  on  their  premises  into  the  brook  did  not  bar  their  right  of  recovery.  If 
they  had  thus  fouled  the  brook  to  the  injury  of  landowners  below  them,  it  did  not 
operate  as  a  license  to  landowners  above  them  to  use  it  in  a  similar  way. 

That  the  water  remained  potable  by  cattle  and  inhabitable  by  fish  was  unim- 
portant except  in  mitigation  of  damages. 

DKIiAWARE  RIVER. 

The  Delaware  drainage  area  occupies  parts  of  the  States  of  New 
York,  New  Jersey,  and  Pennsylvania,  comprising  6,855  square  miles. 
(See  fig.  12.)  The  main  river  of  the  Delaware  system  rises  in  New 
York  State,  in  a  county  bordering  the  western  part  of  the  Catskill 
IMountains.  The  elevation  at  that  point  is  said  to  be  about  1,900  feet. 
It  flows  in  a  very  irregular  course,  its  general  direction  being  south- 
ward, and  empties  into  Delaware  Bay.  For  about  100  miles  above 
Port  Jervis  it  forms  the  boundary  between  the  States  of  New  Y'ork 
and  Pennsylvania;  below  that  point  it  forms  the  entire  western 
boundary  of  the  State  of  New  Jersey. 

The  principal  tributaries  of  Delaware  River  enter  from  the  west. 
They  consist  of  the  Schuylkill,  which  joins  the  main  stream  at  Phila- 
delphia, draining  a  country  1,912  square  miles  in  extent;  and,  a  little 
farther  north,  the  Lehigh,  at  Easton,  the  basin  of  which,  1,332  square 
miles  in  extent,  comprises  a  great  mining  region  of  Pennsylvania. 
The  Lackawaxen  River  enters  at  Lacka waxen,  draining  in  its  course 
507  square  miles.  At  the  extreme  northwestern  part  of  the  Delaware 
basin  the  river  forks  into  the  East  and  West  branches,  which  drain 
520  and  348  square  miles,  respectively. 

Although  the  drainage  basin  of  the  Delaware  is  a  very  important, 
prosperous,  and  thickly-settled  region,  the  resources  of  the  river  sys- 
tem have  not  been  utilized  or  appreciated  to  any  considerable  extent, 
and  comparativel}'^  little  has  been  done  to  determine  the  character  of 
the  water.  At  Philadelphia  the  city  is  now  conducting  extensive 
investigations,  which,  when  their  results  become  available,  will  fur- 
nish a  clear  insight  into  the  character  of  the  water  in  the  Schuylkill 
and  Delaware  opposite  that  city.  Aside  from  these  investigations,  the 
results  of  which  can  not  be  learned  at  present,  the  only  data  available 
are  comprised  in  a  short  report,  by  Mr.  Allen  Hazen,  on  the  character 
of  the  water  supply  of  the  city  of  Trenton,  N.  J.,  which  demonstrated 
beyond  controversy  that  the  water  of  the  Delaware  above  the  city  of 
Trenton  is  polluted  with  sewage  au^  iftdustrial  refuse  to  a  dangerous 
degree. 
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The  following?  table,  t^keii  largely  fi*oni  Mr.  llazeii's  rejKirt,  k'^'*^ 
the  names  of  the  muiiicipaliti(»s  in  the  Delaware  Basin  above  Trenton 
contributing  polluting  substances  to  the  river: 

Table  78. — Cities  and  towns  alxive  Trenton  contributing  polluting  Mulfstanct-s  to 

Delaioare  River, 

[Drainagti  area,  A,916  square  mlleH.] 


City  (»r  town. 


Lambert  vllle.  N.  J 


( 'ounty . 


Hnnterdon 


Newhope,  Pa.   '  Bucks 


Hunterdon  . . 

Bucks 

Warren 

Northampton 
...do  


Frenchtown,  N.  J 

Quakertown,  Pa 

Phillix)8burg,  N.J 

South  Easton,  Pa 

Easton,  Pa _ 

Bangor,  Pa ' do 

Nazareth,  Pa i do 

Bethlehem,  Pa | do 

do 

Lehigh 


South  Bethlehem,  Pa 

West  Bethlehem,  Pa 

Washington,  N.  J _ . '  Warren  . 

Belvidere,  N.  J. do 

AUentown,  Pa Lehigh  ...... 

Penn  Argyl,  Pa Northampton 

Catasauqna, Pa. Lehigh.    ..    . 

Oxford,  N.  J Warren    

East  Stroudsburg,  Pa _ .    Monrot^    

Slatington,  Pa Lehigh 

Stroudsburg,  Pa MonrcK)      

Lehighton,  Pa i  Carbon .     

East  Mauchchunk,  Pa _ I do  .   


Mam;hchunk,  Pa _ do  . 

Summithill,  Pa do  . 

Nesquehoning,  Pa ...  .do  . 

Waverly,  Pa ' do  . 

Newton,  N.J i  Sussex  . . 

Whitehaven,  Pa Luzerne 

Hazleton,  Pa do 


Port  Jervis,  N.  Y 

Hawley,  Pa 

Hoaesdale,  Pa. . . . 


Orange 
Wayne. 
do 


Distance    ' 

above 
Trenton- 

Population, 

19INI. 

Miles. 

14 

4.637 

14 

l,2is 

30 

1 

l.n-jo 

42 

3,014 

47 

1 

lo.avj 

48  i 

48 

2r>.  2:js 

56  . 

4,106 

58 

2.  :}04 

59 

7,29:{ 

59 

13,241 

60 

3,465 

60 

1 

3,  .>^» 

62  ♦ 

1,75« 

64  j 

:«,416 

65 

2,7H4 

67 

3,968 

71 

3.095 

71 

2,64^ 

79 

3,773 

81 

• 

3, 450 

90 

4.6211 

93 

3, 4.>- 

93 

4, 029 

95 

2,9S6 

98 

2,862 

100 

2,471 

105 

4,376 

115 

1,517 

115 

14,2:ii) 

120  ' 

9. 3S.-I 

t             157  ' 

1 ,  92 -» 

166  1 

2.864 

LkKTGHTON,] 
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Table  78. — Cities  and  toums  above  Trenton  contributing  polluting  substanxxs  to 

Delaware  River — Continued. 


City  or  town. 


Hancock,  N.  Y 
I>exK>sit,  N.  Y . 
Walton.  N.Y 
Delhi,  N.  Y  ... 


County. 


Delaware 
.     .do  ... 

do  ... 

do    .. 


Distance 

above 
Trenton. 


Population, 
1900. 


194 
205 
228 
245 


1,883 
2,051 
2,811 
2,078 


Although  only  a  few  of  the  municipalities  mentioned  in  the  above 
table  have  been  provided  with  sewerw,  and  the  pollution  is  therefore 
in  an  early  stage  of  its  development,  the  effects  are  noticeable  in  the 
following  analyses,  which  were  made  during  the  period  of  Mr.  Hazen's 
investigation : 

Tabl£  79. — Analyses  of  toater  from  Delaware  River  at  Trenton, 

[PartB  per  million.] 


Nitrogen  as — 


2  = 

6 

1 

.S3 

o 
1 

eeamxn 
nia. 

1 

q- 

0.004 

0.000 

0.060 

.350 

.040 

.004 

.088 

.042 

.003 

.226 

.086 

.004 

.102 

.018 

.006 

.1 

16 

.024 

.004 

Hardness. 

• 

>pi4 

%i 

1 

Nom 
hardnt 

23.0 

6.0 

27.0 

8.0 

42  0 

9.5 

27.0 

9.5 

57.0 

7.5 

57.5 

14.0 

§ 


0.30 

11.80 

.05 

8.00 
.20 
.30 


The  investigation  included  a  daily  determination  of  turbidity  from 
April  to  November,  inclusive,  in  the  year  1889,  the  results  of  which 
show  that  the  Delaware  water  is  usually  free  from  suspended  matter, 
and  that,  although  it  (carries  along  considerable  mud  during  freshets, 
subsidence  is  rapid. 


116 


KOBMAL   AND   POLLUTED    WATERS. 


[HO.  79. 


Table  80. — Turbidity  of  Delavoare  River  iti  Trenton. 


Day  of  month. 

April. 

May. 

1 

6 
6 
6 
6 

6. 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2,737 
28 
28 

2 ._...._ 

8 

4 

5... : 

6 

7-__ 

8 

9 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

32 

28 

16 

16 

16 

16 

13 

13 

13 

9 

9 

6 

10 -._ 

11. _ 

12... 

13 . 

14  

15 

16 

17 -- 

18 

19 -- 

20 - -.- 

21 

22_- 

28 

23 

24 

24 

24 

25 

9 

26 

9 
9 
9 
9 
6 
6 

27 -/ 

28 

29 

30 - --- 

31   

June. 


6 

6 

9 

9 

9 

9 

9 

6 

6 

6 

6 

6 

6 

6 

77 

77 

32 

32 

28 

16 

9 

6 

6 

6 

6 

6 

6 

236 

16 

16 


July.     Aagr 


9 

9 

6 

6 

6 

6 

6 

28 

13 

9 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

28 

77 

56 

40 

32 

150 


13 

13 
9 

13 
6 
6 
6 
6 
6 
6 
6 
6 
6 

16 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


Sept. 


Oct- 


NOT. 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
150 
82 
20 
18 
9 
9 
6 
6 
6 
6 
6 
6 
6 
6 
6 
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6 

6 

6 

6 

6 

O 

6 

6 
44 

6 

6 

6 

6 

400 

100 

56 

13 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

I 


6 
6 
6 
6 
6 
6 
6 
6 
13 
9 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


A  clear  and  concise  description  of  the  drainage  area  of  the  Ohio 
River  is  given  in  the  report  of  Prof.  Dwight  Porter,  puhlished  in 
Volume  XVII  of  the  Report  of  the  Tenth  Census,  as  follows: 

By  the  union  of  the  Allegheny  and  Monongahela  rivers  at  Pittsbnig  the  Ohio 
River  is  formed,  with  a  drainage  basin  at  that  point  of  between  18,000  and  19,000 
square  miles,  which,  after  a  course  of  nearly  a  thousand  miles  to  the  aotithw^eet. 
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la  izicreaBed  to  about  214.000  square  miles  at  the  junction  with  the  Mississippi. 
^Tlie  principal  streams  which  contribute  to  this  increase  are,  on  the  north  side,  the 
Beaver,  Mnskingnm,  Scioto,  Great  Miami,  and  Wabash  rivers,  and  on  the  sonth  side 
tlie  Ldttle  Kanawha,  Great  Kanawha,  Big  Sandy,  Licking.  Kentucky,  Green,  Cum- 
l>erland,  and  Tennessee.  The  headwaters  of  the  Allegheny  are  in  northern  Penn- 
sylirania  and  southwestern  New  York;  those  of  the  Monongahela.  nearly  250  miles 
distant,  in  West  Virginia.  The  eastern  watershed  line  of  the  Ohio  therefore  cuts 
directly  across  the  State  of  Pennsylvania,  at  a  distance  from  the  western  border 
Tvakging  from  80  miles  in  the  south  to  about  130  miles  in  the  north.  Passing  out  of 
tliis  State,  the  northern  boundary  of  the  river  basin  runs  through  New  York,  Ohio, 
&iid  Indiana,  being  carried  in  the  latter  State  around  the  upper  waters  of  the 
A^alsash  nearly  to  the  Michigan  line  and  considerably  more  than  200  miles  north 
of  tlxe  main  river  itself;  it  then  enters  Illinois  and  strikes  southerly  through  that 
State  to  the  mouth  of  the  Ohio  at  Cairo.  The  southern  boundary  runs  from 
Pennsylvania  across  a  comer  of  Maryland,  embraces  nearly  all  of  West  Virginia, 
and  forms  in  part  the  dividing  line  between  that  State  and  Virginia;  it  crosses 
tlie  southwestern  portion  of  the  latter  State  and  the  western  part  of  North  Caro- 
lina«  and  by  the  Tennessee  Basin  is  extended  down  into  Georgia  and  Alabama, 
reacUng  there  a  distance  of  300  miles  south  of  the  Ohio;  it  continues  from  Ala- 
liaxna  across  the  adjacent  northeastern  comer  of  Mississippi,  and  finally  traverses 
tlie  extreme  western  portions  of  Tennessee  and  Kentucky. 

Tlie  characters  of  the  different  streams  within  this  area  are  deter- 
mined or  modified  by  the  various  topographic  features  of  the  country. 
In  l^be  east  and  southeast  the  drainage  area  is  bordered  by  the  Alle- 
gbeiiy  Mountains,  and  the  streams  which  have  their  ori^n  there  flow 
into  the  Ohio  through  a  generally  sparsely  settled  country  rich  in 
mineral  deposits.  From  this  region  across  to  Mississippi  River  the 
snrf  ace  grows  flatter,  rapidly  in  some  directions,  more  gradually  in 
otliers.  Toward  the  Ohio  there  is  a  gradual  decline  in  elevation,  cul- 
minating in  the  bottom  lands  along  that  river,  which  have  become 
famoas  for  their  fertility.  North  of  Ohio  River  the  land  comprising 
tlia&t>  portion  of  the  basin  lying  within  the  States  of  Ohio  and  Indiana 
rises  very  slowly,  through  many  miles  of  undulating  territory,  and 
ends  in  a  low  range  of  hills  which  forms  the  divide  between  the  Ohio 
Basin  and  the  drainage  area  of  the  Great  Lakes. 

'Flie  various  tributaries  on  the  south  side  of  the  Ohio  offer  facilities 
for  extensive  development  of  power.  The  descent  of  the  streams  is 
svrifty  especially  in  the  southern  portion,  but  the  flow  is  extremely 
variable,  the  drainage  areas  being  of  the  '^ quick-spilling"  variety, 
and  consequently  enormous  pondage  would  be  necessary  to  secure 
any  ^reat  measure  of  uniformity  of  flow.  In  the  case  of  some  streams 
tliis  ^would  make  the  initial  cost  of  utilization  extraordinary  and  pro- 
}ill>itive.  On  the  north  side  of  the  Ohio  the  country  is  flat  and  the 
proportion  of  run-off  is  small,  so  that,  as  a  whole,  the  streams  are  not 
v^ell  adapted  for  the  development  of  power.  It  is  true  that  there  has 
l^een  considerable  utilization  of  streams  for  local  grist  and  lumber 
mills,  yet  it  is  not  at  all  proportional  to  the  contributing  drainage 
^reA  »s  compared  with  that  which  is  possible  on  the  streams  of  New 
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York  and  New  England.  The  Ohio  is  therefore  in  only  a  eompam- 
tively  limited  sense  a  power  stream. 

'  The  main  river  has  great  value  as  a  channel  of  transportAtion,  and 
some  of  the  tributaries  are  navigable  to  a  limited  extent.  This  value 
has  been  developed  largely  by  the  Federal  Gov^ernment. 

CHARACTER  OF  WATER. 

In  considering  the  characteristics  of  the  waters  of  the  Ohio  Basin 
one  can  not  fail  to  be  impressed  with  the  marked  differences  which 
exist  between  them  and  the  waters  of  the  Northeastern  States,  already 
considered  at  length.  In  the  latter  region  we  have  studied  waters 
which  are,  as  a  rule,  fairly  clear,  which  contain  only  small  amoants 
of  dissolved  mineral  matter,  and  in  which  the  degree  of  hardness  is 
usually  almost  insignificant.  We  have  noted  that  the  New  Eng'land 
waters  are  highly  colored,  some  extremely  so,  from  the  solution  of 
chlorophyll  and  decaying  vegetable  and  peaty  matter.  This  charac- 
teristic has  led  to  the  application  to  these  waters  of  the  apt  and 
expressive  term  **  vegetable  tea."  In  considering  the  water  in  the 
Ohio  Basin  it  is  necessary  to  remember  in  the  beginning  that  we  have 
to  deal  with  a  water  which  usually  contains  a  high  proportion  of  inor- 
ganic salts,  which  is  hard,  and  which  in  times  of  freshet  carries  along 
enormous  quantities  of  fine  clay  and  mud.  A  report  of  a  water  analy- 
sis which,  in  the  case  of  a  New  England  water,  would  be  regarded  a?* 
certain  evidence  of  artificial  pollution,  may  in  the  case  of  Ohio  water 
represent  a  truly  normal  river  of  uncontaminated  and  healthful 
character. 

The  following  analyses  Illustrate  this  point: 

Table  81. — ConipaHsoii  of  analyseH  of  normal  waters  in  Neic  Eiigland  arid  in  the 

Ohio  Bamn. 

[Parts  per  million.] 


Refiriou. 


Massachusetts 


Ohio  Basin 


Turbidity. 


V  e  r  y 
slight. 

do  - 


Color. 


Nitrogen  a*— 


Albu-     «___ 
minoid  ^™^  I     Ni- 
ammo-  *™.™^-.  trit«fi 


nia. 


imnio-  ♦  J,.*' 
nia.    t^"*^- 


6.6   0.199  10.013   0.000 


4.0 


.514  I  .063  '  .024 


Chlo- 

Ni- 

rine. 

trates. 

0.037 

1.7 

1.500 

2.0 

Total 
resi- 
due. 


iHard- 


34.7   ^      8.0 


Sample  No.  1  in  the  above  series  was  a  normal  water  taken  from  an 
upland  streaui  in  Massachusetts.  It  is  a  fair  representative  of  £a8l- 
ern  waters,  having  some  turbidity,  a  high  color,  and  considerable 
organic  matter,  as  is  shown  by  the  nitrogen  compounds.  Sample  No. 
2  was  a  normal  water  taken  from  an  upland  region  in  the  Ohio  Basin 
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Hl>ove  all  points  of  contamination.  It  also  is  a  good  representative 
of  ^vaters  of  its  class,  having  a  moderate  color,  a  large  residue,  and 
an  extremely  high  content  of  nitrogen,  especially  in  the  form  of 
nitrates.  Note  also  that  the  water  is  very  hard.  From  the  standpoint 
of  sewage  pollution  both  of  the  above  samples  are  equally  good,  each 
bein^  uncontaminated.  From  the  sanitary  standpoint  No.  2  is  the 
equal  of  No.  1,  and  if  these  analyses  faithfully  represented  the  char- 
acter of  the  streams  from  which  these  samples  come  the  resources  of 
one  would  be  equal  to  those  of  the  other,  other  things,  of  course, 
being  equal. 

Another  point  to  be  borne  in  mind  is  the  extreme  variability  of  the 
ph3'8ieal  characteristics  of  the  Ohio  Basin  waters,  especially  the  tur- 
bidity. In  a  time  of  drought  the  water  will  be  clear,  but  soon  after  a 
rainstorm  the  turbidity  will  rise  to  a  point  which  almost  defies  clari- 
ficHtion,  but  in  the  course  of  a  few  days  the  water  will  become  as 
<-lear  as  it  was  before  the  stoT*m. 

ALLEGHENY  RIVER. 
GENERAL  FEATURES. 

Drainage  area. — The  Allegheny  is  the  largest  contributor  to  the 
Ohio.  (See  fig.  13.)  The  drainage  area  covers  11,400  square  miles 
an<l  lies  principally  in  the  State  of  Pennsylvania,  extending  for  a 
short  distance  into  the  State  of  New  York.  The  length  of  the  stream 
is  al>out  325  miles,  and  its  basin  embraces  a  large  area  of  the  western 
slope  of  the  Allegheny  Mountains.  The  country  is  rough  and  broken, 
with  high  summits  and  deep  valleys. 

W^aier  power. — The  Allegheny  is  not  veiy  valuable  as  a  source  of 
water  power.  The  storage  capacity  in  the  drainage  area  is  extremely 
small  ;^and  although  in  early  times  the  large  number  of  springs  main- 
tained a  fairly  constant  flow,  the  deforestation  has  reduced  the  whole 
area  to  a  "quick-spilling"  country.  Although  the  drainage  area  is 
large,  only  a  small  portion  of  it  contains  streams  that  are  valuable 
for  development  of  power.  The  river  is  peculiar  in  this  respect, 
for  the  descent  is  more  rapid  in  the  middle  and  lower  portions  than 
it  is  at  the  headwaters.  In  tliose  portions  it  is  deep  and  is  used 
extensively  for  transportation,  but  above  the  head  of  navigation  it 
has  little  value.  The  power  which  has  been  developed  is  applied 
mainly  to  the  lumber  industry. 

piotn, — ^The  flow  of  the  Allegheny  has  not  l)een  definitely  deter- 
mined, and  the  figures  available  to  show  it  are  not  the  result  of  as 
careful  and  long-continued  measurement  as  is  generally  considered 
necessary  for  the  accurate  determination  of  flow.«  Meivsurements 
made  in  1897  under  the  direction  of  a  corps  connected  with  the  War 
Department  seem  to  show  that  the  flow  of  the  Allegheny  at  Franklin 


a  See  Twentieth  Annual  Kept.  U.  S.  Geol.  Sui-vey,  Part  IV,  p.  185. 
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WEB  about  1,000  second -f pet,  and  at  another  point  HO  miles  belovr  a  dis- 
charge of  1,250  second-feet  was  determined.  In  the  year  1838  the 
discharge  of  the  Allegheny  at  Pittsburg  was  report<?d  ns  t>eing  l,33(t 
second-feet,  while  various  gagings  during  the  years  1806-1H7O  ahowed 


nr  ilrKlDSge  hadn. 


that  at  BrunotH  Island,  3^  miles  below  the  junction  of  the  Allegheny 
and  the  Monongahela  rivers,  the  least  discharge  was  1,700  second- feet. 


POPULATION   OF  BASIN. 


m   the  drainage    basin  of   Allegheny  River  the   population    has 
increased  rapidly.     The  following  table  includes  the  most  important 
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cities  and  towns,  their  population  in  1890  and  1900,  and  their  approx- 
imate distance  from  the  city  of  Pittsburg: 

TA.BLK  82. — Cities  and  towtut  on  Allegheny  Bitter  and  trilmtaries  abor>e  Mttf^mrg. 


Place. 

Di»- 
tance 

in 
miles. 

VeTona  . 

3 

Oakmont 

4 

Jf&w  Kensingrtoii 

11 

Tarentnm 

14 

Freeport 

21 

Ford  City 

83 

Apollo - . 

35 

Kittanning 

88 

Saltsbnrg 

47 

Red  Bank 

57 

Bast  Brady 

62 

Liatrobe 

64 

Blairsville...,.-. 

65 

I>erry 

72 

Parlt*»r 

76 

Ne^w  Bethlehem 

77 

Indiana 

78 

Ehnlenton 

82 

PonzButawney . 

85 

£ast  Conemangh 

92 

Brookville 

98 

SoathFork 

99 

Clarion 

100 

Kbensbnrg 

112 

Reynoldsville  .. 

112 

Franklin 

116 

I>u  Bois 

121 

Oil  City 

125 

Ridjgr^ay.- 

140 

Population. 


lago. 

1,477 
1,678 


1900. 


4,627 
1,637 
1,255 
2,156 
3,095 
1,088 
2,035 
1,228 
8,589 
3,126 
1,968 
1,317 
1,026 
1,963  ! 
1,126 
2,792 
1,185 
2,478 
1,295 
2,164 
1,202 
2,789 
6,221 
6,149 
10,932 
1,903 


1,904 
2,323 
4,665 
5, 472 
1,754 
2,870 
2,924 
3,902 
828 
1,961 
1,238 
4,614 
3,386 
2,347 
1,070 
1,269 
4,142 
1,190 
4.375 
2,175 
2,472 
2,685 
2,004 
1,574 
3,435 
7,317 
9,375 
13,264 
3, 515 


Place. 


Titusville 

Meadville 

St.  Marys . 

Johnsonbnrg . . 

Wilcox 

Tidionte 

Edinboro 

Waterford 

Sheffield 

Union 

Clarendon 

Warren  _ 

Corry 

Bnsti,  N.  Y  -_. 

Jamestown, 
N.Y 

Randolph,  N.Y 

Salamanca, 
N.Y 

Mayville,N.Y 

Bradford 

01ean,N.Y.-. 

Cnba,N.Y-.. 

Franklinyille, 

N.Y 

Eldred 

Port  Allegany . 

Smethport 

Condersport.-. 


Dis- 
tance 

in 
miles. 


142 
144 
148 
149 
151 
160 
161 
170 
172 
177 
180 
181 
195 
205 

210 
212 

222 


240 
241 
256 

258 
263 
266 
267 
282 


Population. 


1890. 


8,073 
9,520 
1,745 
1,280 


1900. 

8,224 

10, 291 

4,295 

3,894 


1,328 

1,237 

1,107 

691 

838 

767 

2,202 

2,580 

2,261 

3,104 

1,279 

1,092 

4,332 

8,043 

5,677 

5,869 

16,088 

22, 892 

1,201 

1,209 

3,692 

4,251 

1,164 

948 

10, 514 

15,029 

7,358 

9,462 

1,386 

1.502 

1,021 

1,360 

1,050 

968 

1,230 

1,858 

1,150 

1,704 

1,530 

3,217 

POLLUTION. 

Inspection  of  the  above  table  will  show  that  although  a  ereat 
majority  of  the  municipalities  are  small,  and  probably  do  not  con- 
tribute a  large  amount  of  sewage  or  manufacturing  wastes  to  the 
river,  there  are,  nevertheless,  many  places  that  are  probably  sewered 
and  that  naturally  pour  their  wastes  into  the  river.    There  is  no 
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record  of  any  examination  of  the  water  of  the  Allegheny  River  except 
those  made  by  the  filtration  commission  of  the  city  of  Pittsburg. 

The  question  of  pollution  has  been  considered  in  a  report  maxle  by 
Prof.  William  T.  Sedgwick  to  the  Pittsburg  commission,  the  conclu- 
sions of  which  were  that  the  water  is  polluted  to  a  degree  w^hich  makes 
it  unfit  for  use  as  a  source  of  public  supply  in  its  raw  state.  This 
opinion  is  borne  out  by  recent  use  of  the  water  in  Pittsburg.  The 
records  show  that  the  typhoid  fever  rate  is  abnormal.  Accordingly, 
the  city  of  Pittsburg  has  investigated,  and  is  even  now  preparing  to 
introduce  a  system  of  filters,  the  total  cost  of  which  will  not  be  far 
from  $3,500,000,  while  the  expense  of  maintenance  is  calculated  in  the 
report  of  Mr.  Allen  llazen,  consulting  engineer,  to  be  about  $200,000 
annually.  This  gives  no  idea  of  the  damage  done  to  the  city  of  Pitts- 
burg alone  by  sewage  pollution.  In  a  well-considered  article  pub- 
lished in  the  Pittsburg  Dispatch  April  21,  1902,  it  was  estimated  that 
the  cost  of  treating  tj^phoid  fever  and  the  value  of  the  lives  lost  from 
that;  disease  in  the  city  of  Pittsburg  during  the  previous  three  years 
amounted  to  about  ^3,335,000,  sufficient  to  pay  interest  upon  and 
retire  a  bonded  indebtedness  of  $13,000,000.  These  figures  were 
charged  to  the  account  of  typhoid  fever  alone,  no  estimate  being 
made  of  tlie  sickness  and  deaths  arising  from  or  induced  by  other 
water-borne  diseases. 

CHARACTER  OF   WATER. 

Experiments  were  conducted  during  the  years  1897-98,  under  the 
authority  of  the  filtration  commission,  and  throughout  this  period 
weekly  chemical  examinations  were  made  of  the  water  in  the  Alle- 
gheny River.  These  results  are  almost  the  only  available  ones  which 
show  tlie  character  of  the  water;  and  as  the  samples  were  taken  a 
short  distance  above  the  city  of  Pittsburg,  they  show  clearh'  what 
is  being  contributed  to  the  Ohio  system  by  this  branch. 


Table  81?. — Analyses  of  watei' of  Allegheny  River  at  Brilliant,  ahotTe  Pittsburg. 

[Parts  i)er  million.] 


Date  of  collection. 


Tnrbidity 


1897. 

June Decided. 

July ....do 

August Slight.. 

September do... 


October 

November . . . 
December    . , 


....do 

do 

..-.do 


3.7 
2.3 
2.9 
3.0 


2«8 

I 


0.137 
.347 
.210 
.Kfi 
.120 
.162 

.m 


Nitrogen  as- 

Free  ammonia. 

1 

1 
5 

Nitrates. 

0.006 

0.000 

0. 175 

.034 

.001 

.106 

.023 

.000 

1.050 

.019 

.000 

.650 

.017 

.000 

.550 

.019 

.000 

.700 

.016 

.000 

1.075 

Hardneas. 

9) 

1 

• 

>* 

5  . 

I 

■a 

^1 

i: 

I.H 

g 

\   ^ 

■                    m 

i 

5 
o 

& 

I 

Eh 

< 

J25 

>-\ 

24.0 

141 
269 

31.3 

60.8 

1.84 

20.3 

90 

40.5 

13.9 

.07 

27.0 

131 

46.3 

4.0 

.68 

38.1 

177 

50.9 

4.0 

.40 

31.5 

197 

35  1 

a.  8 

.16 

21.1 

287 

17.8 

5.8 

1.83 
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Tabus  83. — A^wlyseaof  water  of  Alleghtrtiy  River  at  Britliant,  etc. — Coutinued. 


Date  of  collection. 


1808 

January  

Febmary 

March 

April 

May 

Jane 

July.- 

An^ruftt 


Turbidity 


Sligrht-... 

....do 

Muddy  - .  - 
Sligrht.'--. 
Decided . . 
76 

asi 

105 


u 

o 

—^ 

o 
O 


2.8 
2.1 
2.4 
2.2 
3.0 
2.5 
2.7 
3.1 


Nitrogren  as- 


►d 

• 

OS 

•r* 

ino 
nia. 

1 

Ibum 
ammo 

OS 

< 

pc, 

.074 

.016 

.088 

.(J20 

.076 

.015 

.077 

.018 

.164 

.015 

.085 

.019 

.100 

.027 

.131) 

.214 

i 

}Z5 


.000 
.000 
.000 

.ax) 

.000 

.000 
.000 
.000 


t 


a 
o 


.885 
1.425 

.487 
.458 
1.80 


15.3 
14.6 
12.9 
13.6 
16.6 


375  :  24.2 


.604 
435 


24.7 
24.2 


•d 


o 


15:3 

119 
140 
94 
207 
191 
131 
195 


Hardness. 


5 


14.8 
17.3 
17.5 
18.3 
21.3 
31.0 
34.1 
31.5 


o 


6.1 
8.6  I 
9.7 
4.6 
6.7 
4.0 
11.7 
8.4 


g 


1.12 
.50 
.40 
.41 
.33 
.10 
.30 
.20 


A  mineral  analysis  made  of  the  samples  from  the  river  collected 
September,  1808,  gave  the  following  results: 

Table  84. — Mineral  analysis  of  ivater  from  Allegheny  River. 

[Parts  per  million.] 

Total  solids _ 127.0 

Loss  on  ignition _ 43. 0 

Calciiun  oxide -  20. 4 

Magnesium  oxide _ 4.9 

Snlphnric  acid 16.1 

Chlorine - 22.0 

Silica --..  1.0 

Iron  oxide - _ 1 

The  analyses  set  forth  in  Table  83  certainly  do  not  necessarily  indi- 
cate a  wat^r  of  dangerous  qualities.  Albuminoid  and  free  ammonia 
and  nitrites  are  low,  and  on  the  whole  the  analyses  present  an 
extremely  favorable  appearance.  This,  then,  is  one  of  the  cases  in 
which,  as  stated  in  the  introduction  to  this  work,  little  can  be  deter- 
mined concerning  the  dangerous  qualities  of  a  river  from  chemical 
examinations  alone.  Inspection  of  the  map  shows  that  the  centers  of 
contamination  above  Pittsburg  on  the  Allegheny  River  are  far  removed 
from  that  city,  and  the  distances  intervening  seem  sufficient  to  bring 
about  all  the  purification  apparent  iu  the  result  of  the  analyses  above 
set  forth;  yet,  as  pointed  out  by  Professor  Sedgwick  in  the  report 
already  referred  to,  the  velocity  of  the  Allegheny  is  high,  being  at 
times  from  7  to  8  miles  an  hour.  Under  such  circumstances  pollution 
poured  into  the  river  at  Oil  City,  for  instance,  would  reach  Pittsburg 
with  fifteen  hours,  and  at  a  slower  rate  of  flow  would  certainly  arrive 
within  a  few  days,  at  least.  Now,  it  can  be  easily  understood  that 
although  organic  matter  may  be  oxidized  and  diluted  to  such  an 
extent  that  it  would  appear  in  an  analysis  in  small  proportion  only, 
germs  of  disease  entering  the  river  with  such  pollution  could  arrive 


124 


NORMAL    AND   POLLUTED   WATEB8. 


[NO, 


at  the  Pittsburg  water  ^'intake"  in  a  virulent  condition.  Undoubt- 
edly such  has  been  the  case  during  all  the  years  in  which  Pittsburg 
has  suffered  abnormal  typhoid-fever  morbidity. 

Coincident  with  the  examinations  above  described,  other  points 
along  the  Allegheny  were  made  use  of  for  the  collection  of  samples. 
A  series  was  collecticd  at  Montrose,  the  intake  for  the  water  supply  of 
the  city  of  Allegheny,  4  miles  above  Brilliant,  at  Pittsbui^.  Another 
series  was  taken  at  Hulton,  where  the  intake  for  the  8uppl3''  of  Oak- 
mont  and  Verona  is  situated,  6  miles  above  Brilliant,  and  a  third  at 
Wild  wood,  1^  miles  above  Brilliant,  whence  the  water  is  taken  to 
supply  Wilkinsburg  and  the  First  Wainl  of  the  city  of  Pittsburg. 
These  examinations,  however,  did  not  show  that  the  water  was  mate- 
rially different  from  that  at  Brilliant,  and,  indeed,  when  the  rapid 
flow  of  the  river  is  taken  into  account,  this  might  have  been  expecte<l. 
There  were,  however,  a  number  of  examinations  of  samples  of  water 
taken  at  Etna,  2  miles  below  Brilliant,  on  the  opposite  side  of  the 
Allegheny,  below  a  point  whei'e  a  certain  amount  of  pollution  Is 
received  from  Pitt-sburg,  and  another  series  of  examinations  of  samples 
taken  at  Millvale,  4  miles  below  Brilliant,  also  on  the  opposite  side  of 
the  river.  The  average  of  these  examinations  for  each  point  is  given 
in  Table  85.  It  will  bo  seen  that  these  do  not  differ  material  1^^  from 
the  samples  taken  at  Brilliant,  ev^en  though  the  water  is  undoubtedly 
contaminated  by  the  addition  of  PMttsburg  and  Allegheny  sewage. 
The  reasons  for  this  will  be  discussed  presently. 

Table  85. — Analyses  of  water  frwn  Allegheny  River  at  Etna  and  MUlvale. 

[Parts  iier  million.] 


Place  of 
collection. 

linoid 
mia. 

• 

I 

Albnna 

Etna 

2.9 

0.119 

Millvale- . . 

8.1 

.149 

Nitrogen 


6 

a 


0.119  0.030  0.000  0.682 


.045   0.000  '  .700 


B 

u 

O 


18.6 

25.8 


I 


s 

o 


155 
147 


Hardness. 


a 

M 


32.7  . 
47.0  i 


5.6 

8.5 


a 


0.70 
.38 


S 
t 


S 

JZ5 


35 
16 


MONONGAHELA  RIVER. 

Drainage  ba^in. — Monongahela  River,  which  joins  the  Allegheny 
at  Pittsburg  to  form  the  Ohio,  htis  a  drainage  area  of  7,625  miles.  (See 
fig.  14.)  It  rises  in  the  northern  part  of  West  Virginia  and  flows  in 
a  northerly  direction,  draining  a  part  of  the  western  slope  of  the 
Alleghenj^  Mountains,  most  of  which  has  a  rugged  character  and  lacks 
fertility.  The  region,  once  heavily  timbered,  has  been  very  thor- 
oughly cleared,  except  at  the  headwaters  of  the  streams.  The  lower 
reaches  of  the  river  are  fertile  and  yield  a  large  crop  of  corn,  but  the 
country  seems  to  be  especially  adapted  to  grazing. 


OHIO   RIVER   BABIN. 


125 


If'loiv. — Th«  Sow  of  the  Monoiigahela  has  not  been  determined  in  a 
manner  more  satisfactory  than  that  of  the  Allegheny.  In  the  year 
1838  the  flow  of  the  Monongahela  at  Brownsville,  50  miles  above 
Pitt8but^,  was  reported  to  be  only  about  230  setiond-feet.  This,  how- 
ever, was  in  a  dry  season.  The  lower  reaches  of  the  river  constitute 
a  ' '  slaokwster  "  basin,  with  a  flow  of  not  more  than  1  foot  per  miuute. 

PITTSBi 
Lo-vrer  StCli 
Home  at 
McKeeJ 


-Uunun^hHla  Rli 


Pojrulation  n/hanin. — The  population  in  the  Monongahela  Basin  is 
denser  than  in  the  Allegheny,  and  there  are  larger  cities,  such  as 
McKeesport,  Homestead,  Bratldock,  and  Wilkinsburg,  which  are  sitr 
uated  well  down  toward  the  mouth  of  the  river.  Therefore,  the  water 
whioh  arrives  at  Pittsburg  contains  more  recent  pollution  than  that 
in  the  Allegheny.  The  important  difference,  however,  lies  in  the  fact 
that  the  flow  of  the  Monongahela,  as  has  been  said,  is  slow,  and  there 
is  the  opportunity  for  sedimentation  that  arises  in  quiescent  water. 


126 


NORMAL   AND   POLLUTED   WATEBS. 


[HO. 


Table   86. — Cities  and  towns  on  Monongahela   River  and   tributaries   above 

Pittsburg. 


Place. 


Lower  St.  Clair 

Homestead _ 

Braddock    

Wilkinsbiirg      

Port  Perry 

Turtle  Creek 

Wilmerding 

McKeesport 

Elizabeth 

Irwin  _ 

Jeannette 

Monongahela 

West  Newton 

Greensburg 

Belle  Vernon 

Everson 

Scottdale 

Brownsville 

Bridgeport 

Mount  Pleasant 

New  Haven 

Connellsville 

Dunbar 

Uniontown 

Waynesburg 

Fairchance . .   . . 

Morgan  town,  W.  Va 

Somerset _ 

Mey  ersdale 

Fairmont,  W.  Va  . . . 

Grafton,  W.  Va 

Clarksburg,  W.  Va.. 

Weston,  W.  Va 

Buckhannon,  W.  Va. 


Distance  in 
miles. 


Population. 


3 

6 

9 

9 

11 

12 

13 

14 

30 

33 

39 

29 

32 

33 

41 

50 

53 

52 

55 

57 

57 

57 

61 

69 

80 

95 

95 

112 

112 

130 

140 

150 

180 

180 


laoo. 


1«M. 


3,680 
7, 91 1 
8,561 
4,662 
1,031 


419 
20, 741 
1,804 
2,428 
3,295 
4,096 
2,285 
4,202 
1,147 


I 


4.6:« 

12, 5r>4 

15, 654 

11,83^ 

1.267 

3,262 

4,179 

34,2-27 

1.866 

2,4r>2 

5,865 

5,ir3 

2,467 

6,508 

1,901 


2,693 

4,261 

m 

1,471 

1,552 

1,030 

1,805 

3, 652 

4,745 

1,231 

\            1,532 

5, 629 

7.160 

1,381 

1,662 

6, 359 

7,344 

2,101 

2,544 

1,092 

1,219 

1,011 

1,895 

1,713 

i.mi 

1.847 

3, 024 

1,023 

5, 655 

3, 159 

5,  650 

3,008 

4,050 

2,143 

2,560 

l,4a3 

1,589 

Character  of  wai^er. — The  increase  of  population,  amounting  to  75 
per  cent,  as  shown  by  the  table  presented  above,  is  sure  to  bring 
about  a  proportional  increase  in  pollution.  It  is  not  necessary  to 
examine  the  water  chemically  or  bacteriologically  to  prove  that  it  is 
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unfit  for  use  as  a  water  supply.  McKeesport,  with  a  population  of 
34,227;  Braddock,  with  15,654;  Iloine.st^ad  and  Wilkinsburg,  each  fol- 
lowing closely  in  the  number  of  inhabitants,  empty  raw  sewage  into 
the  Monongahela  or  its  branches,  and  this  must  necessaril}'^  produce 
a  condition  which  is  a  detriment  not  only  to  the  water  itself,  but  to 
the  realty  values  along  the  river. 

There  are  available  a  few  analyses  of  the  water  of  the  Monongahela 
and  some  of  the  branches,  which  were  made  at  Pittsburg  at  the  same  time 
as  those  already  pi-esented  upon  the  Allegheny.  A  series  of  chemical 
examinations  made  of  the  water  of  Indian  Creek  and  other  creeks  in 
its  vicinity  give  a  goo<i  idea  of  the  character  of  the  normal  water  of 
that  section  of  the  country,  for  the  population  on  Indian  Creek  drain- 
age area  is  small,  is  not  at  any  point  provided  with  sewerage,  and  is 
sufficiently  well  scattered  to  keep  the  water  in  its  normal  state,  or 
nearly  so. 

Table  87. — Analyses  of  water  from  Indian  Creek  and  vicinity. 

[Parts  per  million.] 


Place  of  collection. 


Indian  Creek 

MinRan 

LAurel  Hill  Creek ... 

CSastleman  River 

YoiiKblofirl>^iiy  River 


Nitrogen  as— 

• 

i 

Albuminoid 
ammonia. 

6 
B 

Ii 

0.(K8 

g      Nitrites. 

1.5 

0.101 

2.1 

.128 

.027 

.000 

1.7 

.065 

.099 

.000 

1.7 

.000 

.055 

.000 

1.5 

.128 

.0«2 

.«« 

9 

Hard 

P 

13 

>. 

S 

s 

-4^ 

1 

^^ 

•r^ 

1 

S 

e 

4.9 

0 
112 

< 

20.0 

0.480 

.5:« 

4.5 

258 

30.3 

.675 

3.9 

35 

20.7 

.751) 

4.6 

84 

15.8 

.976 

3.5 

40 

17.6 

u 

eS  it 

^  fl 


o 
'A 


o 
u 


0.4  0.34 
.5  '  .09 
.5       .01 

5.3  .01 
.01 


^9 


12 

14 

3 

8 

2 


Coming  down  to  Pittsburg  again,  we  find  a  series  of  analyses  made 
of  the  wat^r  just  above  the  city. 

Table  88. — Analyses  of  trater  from  Monongahela  Rirer  at  Pittsburg. 

[Parts  per  million.] 


Date  of  coUection. 


1897. 

June 

July 

AngTist 

September  . 

October 

Noveanber  _ 
December.. 


Nitrogen  as— 


I 


a  _ 

tf  .9 


91 

;z5 


g 
♦* 


a 
o 

O 


186 

1.0  I  .173 
2. 6     . 130 


1.2 
1.9 
2.5 


.403 
.194 
.166 


!o.08i 

0.000 

.076 

.001 

.100 

.001 

.119 

.000 

.142 

.000 

.145 

.000 

.030 

.000 

0.740 
.768 

1.121 
.979 

1.261 
.825 

1.275 


13. 5 
4.3 
10.7 
9.5 
15.5 
14.7 
13.1 


Hardness. 


01 

s 

£ 
'3 

Eh 

Alkalinity. 

Normal  hard- 
ness. 

Iron. 

154 

141 

28.5 

21.2 

1.95 

129 

19.5 

37.8 

1.93 

145 

16.4 

41.5 

.30 

285 

9.0 

55.2 

.15 

265 

14.1 

48.4 

1.33 

328 

14.8 

17.3 

2.72 
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Table  88. — Analyses  of  icaterfrom  Monongdhela  River ^  etc, — Contiiined. 


Date  of  collection. 


1898. 
January  . 
February 
March  ... 

April 

May 

June 

July 

Angnst  . . 


6 


Nltrofl:en 


2.1 
2.0 
2.0 
2.1 
2.8 
2.1 
2.2 
3.0 


.095 
.177 
.080 
.097 
.125 
.105 
.126 
.190 


6 

a 

H 


.080 
.021 
.025 
.018 
.026 
.096 
.041 
.050 


I 

5 


.000 
.000 
.000 
.000 
.000 
.000 
.000 


I 


1.245 
1.500 
.425 
.450 
.275 
.375 
.825 


.000     .375 


• 

« 

0 

»o 

1 

1 

ft^ 

•-3 

^ 

iS 

6 

^ 

9.1 

298 

11.1 

219 

9.2 

208 

8.2 

127 

12.1 

167 

14.2 

155 

14.2 

170 

5.2 

292 

HardnesB. 


•a 


13.8 
13.2 
10.4 
11.5 
14.6 
11.2 
12.8 
16.2 


3  . 
1% 


O 


15.2 
1^.4 
39.9 
12.0 
25.9 
21.5 
33.6 
3.2 


S3 
? 


I 


2.06 
1.29 
.38 
.19 
.13 
.04 
.06 
.06 


Although,  an  has  been  stated,  the  sewage  pollution  of  the  Monon- 
gahela  is  more  extensive  near  that  city  than  in  the  Allegheny,  it  will 
be  seen  by  comparison  of  Tables  83  and  88  that  the  Monongahela  con- 
tains a  smaller  amount  of  organic  matter  than  the  Allegheny.  The 
reason  for  this  well  illustrates  what  has  already  been  said  concerning 
the  water  of  the  Ohio  Basin.  The  normal  content  of  organic  mat- 
ter is  so  high  that  under  ordinary  circumstances  the  organic  matter 
which  is  added  to  the  river  by  the  disposal  of  sewage  therein  does 
not  increase  the  total  amount  to  a  significant  degree.  In  other  words, 
the  amount  of  organic  matter  in  the  Ohio  Basin  is  insignificant  from 
the  standpoint  of  sewage  pollution,  because  of  the  fact  that  the  unpol- 
luted water  often  carries  a  larger  amount  of  organic  matter  than  the 
sewage  brought  into  it.  The  two  rivers  under  discussion  well  illus- 
trate this  point.  We  have  in  the  Allegheny  a  "  quick-spilling  "  basin, 
out  of  which  is  carried  at  times  enormous  amounts  of  sediment,  con- 
sisting in  a  large  measure  of  organic  matter.  The  river  flows  swiftly, 
and  there  is  little  or  no  opportunity  for  sedimentation,  so  that  when 
the  water  reaches  Pittsburg  its  condition  is  not  greatly  improved  nor 
changed. 

In  the  Monongahela,  on  the  other  ha,nd,  we  have  a  slack-water 
basin.  Large  amounts  of  silt  are  poured  into  it  from  the  tributaries, 
as  large  as  or  larger  than  the  amounts  brought  into  the  Allegheny. 
Yet  because  of  the  fact  that  there  is  ample  opportunity  in  the  slack 
water  of  the  main  river  for  subsidence,  the  water  appears  better  upon 
chemical  examination  at  Pittsburg  in  spite  of  the  fact  that  compara- 
tively  large  amounts  of  sewage  are  poui'ed  into  the  Monongahela  only 
a  short  distance  above.  These  facts  illustrate  excellently  the  point 
just  enunciated;  namely,  that  under  ordinary  circumstances  the 
amount  of  organic  matter  emptied  from  sewers  into  the  Ohio  Basin 
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is  8niall  in  comparison  with  that  which  is  brought  into  the  river  from 
natural  sources. 

This  consideration  brings  up  the  question  of  the  value  of  deter- 
minations of  organic  matter  in  water,  and  seems  to  indicate  that 
such  determinations  are  of  little  aid  in  an  investigation  of  this  nature, 
if  they  are  not  indeed  entirely  useless.  At  all  events,  one  should  be 
very  careful  in  regard  to  his  premises  before  attempting  to  draw  con- 
elusions  from  determinations  of  organic  matter. 

MAHONING    RIVER. 
NATURAL   RESOURCES. 

Drainage  area, — ^The  area  of  the  Ohio  Basin  next  below  the  con- 
fluence of  the  Allegheny  and  the  Monongahela  rivers  in  which  inves- 
tigrations  have  been  made,  the  results  of  which  have  been  published, 
is  that  of  Mahoning  River.  This  river  drains  1,300  square  miles  in 
the  eastern  part  of  Ohio,  being  bounded  on  the  north  by  the  Lake 
Krie  divide  and  on  the  south  by  the  Muskingum  and  several  other 
small  streams,  which  enter  the  Ohio  direct  (see  fig.  15). 

The  Mahoning  rises  in  Columbiana  County,  Ohio,  flows  through  the 
northeiist  comer  of  Stark  County,  and  then  by  a  circuitous  course 
enters  Portage,  Trumbull,  and  Mahoning  counties,  flowing  first  in  a 
northeasterly  and  then  in  a  southeasterly  direction,  crossing  the  Ohio 
line  and  emptying  into  Beaver  River  in  Pennsylvania,  8  miles  from 
the  Ohio  boundary.  Beaver  River  in  turn  enters  the  Ohio  40  miles 
below  l^ittsburg. 

The  basin  of  the  Mahoning  is  rolling  in  some  i^ortions,  while  in 
others  it  is  decidedly  flat.  It  is  rich  in  minerals  and  is  extremely 
fertile.  The  valley  is  an  important  manufacturing  place  and  is  well 
supplied  with  transportation  facilities*  Under  such  favorable  cir- 
cumstances the  population  is  rapidly  increasing  and  the  country  is 
uncommonly  prosperous. 

Power. — The  Mahoning  is  one  of  the  best  x)ower  streams  in  the 
Ohio  Basin,  and  has  been  developed  to  an  unusual  extent  as  com- 
pared with  other  sti'eams  in  this  part  of  the  country.  Prof.  Dwight 
Porter  states  that  in  the  year  1880 «  36  mills  were  situated  upon  the 
river,  utilizing  a  total  fall  of  442^  feet,  developing  a  horsepower  of 
1,146.  It  is  probable  that  numerous  changes  have  been  made  since 
that  time  in  conformity  with  the  decline  of  Ohio  power  values,  and 
the  figures  are  not  applicable  at  tlie  present  date.  The  power 
developed  is  applied  almost  entirely  to  the  grist  and  lumber  business. 

Flow. — ^There  appear  to  be  no  satisfactory  gagings  of  the  flow  of 
the  river.  In  the  report  of  the  Ohio  State  Board  of  Health  for  1898 
there  are  given  the  results  of  a  few  measurements  covering  a  period 
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of  five  months  duriiij^  a  very  dry  weasoii,  but,  as  exjilaiiied  in  that 
re[)ort,  the  gagings  were  attended  hy  unfortunate  circunistiinees 
which  almost  entirely  vitiate  their  value,  and  they  were  not  in  any 
event  continued  for  a  sufficient  i)eriod  to  indicate  the  normal  flow  of 


Fkj.  15.— Mahoning  River  drainage  basin. 

the  stream.     The  common  observation  is  that  the  river  fliicMuati»s 
widely  and  is  subject  to  freshets. 

CHARACTER   OF   WATER. 

No  records  of  <'xaminations  of  uni)olluted  water  in  the  Mahoning 
Basin  have  been  found.  The  excellent  work  of  the  State  Board  of 
lle<alth  was  (confined  to  districts  undoubtedly  polluted  and  thert^fore 
gives  no  idea  of  the  character  of  the  normal  water  in  this  basin.  It 
is  probable  that  the  unpolluted  surface  wat<»r  in  the  Mahoning  Basin 
does  not  differ  widely  in  character  from  that  indicated  by  the  analyses 
of  the  water  of  the  river  above  Alliance,  which  will  be  shown  below. 

Alliance  is  a  city  of  8,974  inhabitants  (census  of  1900),  and  is  situ- 
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ated  in  the  upper  part  of  the  Mahouing  Basin.  Therefore  it  is  the 
head  of  the  extensive  pollution  for  that  basin.  Above  Alliance  the 
draina^^^  area  comprises  73  square  miles,  and  the  population  is  not 
far  from  (K)  per  square  mile.  There  are  no  mills  nor  factories  on  the 
river,  and  the  country  is  largely  devoted  to  manufacturing  and  dairy- 
ing. There  are  six  small  villages  on  the  river,  the  largest  having 
])r<)bably  no  more  than  300  inhabitants.  Under  some  circumstances 
dangerous  i)ollution  might  arise  at  two,  North  Georgetown  and  Damas- 
cus. Two  miles  above  Alliance  is  situated  the  Fairmont  Children's 
IIom<*,  which  shelters  about  200  persons,  and  pours  raw  sewage  into 
tlie  river.  ITnder  such  circumstances  when  the  water  reaches  the 
intake  of  the  Alliance  Waterworks  it  is  generally  in  an  acceptable 
condition,  but  is  subject  to  the  dangers  above  noted.  The  intake  is 
well  down  toward  the  center  of  the  city,  so  that  there  is  undoubtedly 
a  certain  amount  of  contamination  from  Alliance  itself. 

Table  89. — Aruilyses  of  irater  from  Mahoninfj  River  above  Alliance. 

[PartH  per  million.] 


Date  fjf  coUw- 
tion. 


Turbidity. 


Jniio  19 
July  24. 
Sept.  2  _ 
St'pt.  20 
Oct.  27  - 
Nov.  26 


None     

Slight-      .. 

Distinct 

None 

Very  slight 
Decided . .  _ 


o 


Nitrogen  rk- 


O  o8 


a 

a 


'A 


.   I 


4.5 
7.0 
4.0 
1.5 
HA) 
10.0 


0.528   0.  186  ,0.012 


.478 
.890 
.186 
.150 


.126 
.094 
.  059 
.060 


592      .114 


.010 
.  005 
.003 
.000 
.007 


Average. 


879      .100      .006 


0. 28 
.28 
.07 
.00 
.00 

6.  5 

.21 


■■i> 

a 

•i-t 

.a 
O 


1.5 


HardneHs. 

c 

*•> 

a 
a 

S 

■ 

5z; 

240 

110 

36 

175 

70 

88 

400 

186 

54 

415 

182 

.58 

410 

204 

54 

470 

78 

64 

2.8 
8.0 
8.2 
2.8 

2. 1   ;  350  I  180       51 


I>iiriiig  the  i>eriods  covered  by  the  above*  table  the  rainfall  at  Akron, 
the  nearest  weather- observation  station,  was  as  follows: 

Table  iiO.— Rainfall  at  Akron,  Ohio. 


Junu. 

July. 

2. 90          1 .  07 

.85         2.12 

1 

()i;tob«5r. 

1 .  65 
.77 

Novom- 

4.85 
1  1.69 

Whole 
period. 

Total  fall 
Variation 

1 .  55 

2.  SI 

5. 06 
I  1.20 

17.16 
8.16 

Tlic^  city  of  Alliance  is  provided  with  a  system  of  water  supply,  and 
the  consumption  approaches  5,000,000,000  gallons  daily.     The  sewer- 
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age  system  introdueed  in  1896  has  been  well  extended,  and  in  the 
year  1898  poured  into  tlie  chemical  precipitation  works  300,000  gallons 
of  sewage  daily.  The  purification  works  do  not  seem  to  be  extremely 
efficient,  if  we  may  judge  from  the  analyses  and  bacteriological  exami- 
nations made  by  the  Ohio  State  Board  of  Health.  The  report  of  the 
bacteriologist  in  the  year  1898  makes  the  following  stat>enient  with 
reference  to  the  Alliance  sewage  disposal: 

At  this  town  there  is  in  operation  sewage-disposal  works  which  take  care  of 
the  sewage  by  chemical  precipitation.  Examinations  made  at  the  ivorks  them- 
selves showed  that  so  far  from  this  method  destroying  bacteria  or  lessening  the 
number,  the  effluent  from  the  works  which  discharged  into  the  river  vrss  many 
times  richer  in  bacteria  than  the  original  sewage,  though  the  curve  in  general 
runs  parallel  with  the  curve  above  the  station. 

Tabijb  91. — AiuHysea  of  water  from  Mahoning  River  below  Alliaru:e.. 

m 

[Parts  ijer  million.] 


Turbidity. 

CxAnr. 

— * — ■ — 

Nitrc^fenaH  — 

•  Chlorine. 

Total  residue. 

Alkalinity.         a 

Ineas. 

Date  of  col- 
lection. 

Albuminoid 
ammonia. 

1  Free  ammo- 
1          nia. 

1 

i 

1 

1897. 

June  19  -    . 

None 

3.0   0.422  i0.2(K) 

1 

0. 022 

0.07 

3.0 

310 

128 

56 

July24   ... 

Slight... 

H.O 

.  520  !  .  196 

.020 

.33 

.2 

165 

56 

»4 

Sept.  3  ..   . 

. . -do  _   . . 

3.0 

4'>*J 

.122 

.  015 

.12 

4.8 

410 

138 

68 

Sept.  29  .  - . 

None 

2. 0      .  366 

.  473 

.035 

. « 

9.0 

415 

170 

68 

Oct.  27...- 

...do  .... 

4.0 

.356   2.100 

.  055 

.03 

15.5 

480 

216 

ds 

Nov.  26    . . 

Decided . 

5.0 

.  390 

.176 

.022 
.028 

.54 
.18 

4.5 
6.2 

380 

102 
15J5 

98 

Average - 

.412     .544 

358 

70 

The  next  important  center  of  X)opiilation  below  Alliance  is  Warren, 
in  Trumbull  County,  which  in  10(X)  had  8,529  inhabitants.  The  area 
of  the  watershed  above  Warren  is  not  far  from  600  miles,  and  the 
density  of  the  rural  population  is  al)Out  45  per  square  mile.  Bet^v^een 
Alliance  and  Warren  there  are  a  large  number  of  small  country  vil- 
lages, having  a  population  of  3,500  or  4,000,  the  most  important  being 
Newton  Falls  and  Leavittsburg.  At  both  of  these  places  dangerous 
pollution  may  be  exi>ected,  as  well  as  from  the  Trumbull  County 
Infirmary,  which  contributes  a  certain  amount  of  sewage  above  the 
intake  of  the  Warren  waterworks.  The  river  receives  contamination 
from  these  three  i)oints,  from  Alliance,  and  from  the  storm  sewers  at 
Warren,  which  enter  the  river  just  above  the  waterworks. 
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Table  92. — Analyses  of  water  from  Mahoniiig  River  above,  Warren, 

[Parts  per  million.] 


Turbidity. 

Color. 

Nitrogen  a»— 

• 

e 

2.0 
.3 
3. 5 
4.2 
3.7 
3.3 

2.8 

'  Hardneas. 

Date  of  rol- 
lection. 

Albuminoid 
ammonia. 

1 
6 

a 

C 

0.062 
.156 
.062 
.036 

.018 
.074 

1 

b 

"A 

0.002 
.010 
.000 
.005 
.000 
.009 

.<k)4 

1 
t 

0.09 
.23 

.00 
.00 
.85 

.20~ 

1 

3 

o 

190 
130 
245 
275 
235 
205 

92 

36 

100 

124 

140 

54 

Normal  hard- 
ness. 

1897. 

Jnne  18 

Jnly23 

Ang.28 

Sept.  30 

None 

Decided 

Very  slight.. 
do    .     .- 

0.3 
12.0 
3.0 
1.5 
3.0 
7.0 

0. 370 
.606 
.336 

.180 
.  158 
.440 

16 
22 

28 
32 

Oct.  28 

Nov.  27 

Slight 

Decided 

14 
46 

Average  . 

3.0 

.348 

.068 

213       91 

26 

.  ' 

111  addition  to  this  the  industrial  pullution  is  extensive.  Within  the 
cit3'  ai-e  situated  numerous  works,  such  as  a  rolling  mill,  tube  works, 
and  linseed-oil,  flour,  and  paint  mills,  as  well  as  a  galvanizing  plant, 
from  which  large  quantities  of  waste  acid  are  turned  into  the  river. 

Table  93. — Analysea  of  tixtter  froni  the  Mahoning  Rii^er  Iteloic  Warren, 

[Parts  per  million.] 


Nitro£ren  a^  - 

Hardnem. 

Date  of  col- 
lection. 

Turbidity. 

Color. 
10.0 

1 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

■ 

r. 

0.010 

t 

0.28 

• 

o 

0 

V 

0 

O 
2.1 

§ 

1 

1 
& 

170 

§       Alkalinity. 

Normal  hard- 

July  24..- 

Decided 

0. 552 

0.204 

36 

Ang.  28.... 

Very  slight. . 

3.5 

.430 

.096 

.004 

.06 

4.6 

235 

90 

26 

Sept.  30..-. 

do 

1.5 

.194 

.070 

.005 

.00 

8.7 

275 

126 

18 

Oct.  28 

Slight 

3.0 

.304 

.102 

.017 

.13 

42.5 

3:35 

136 

30 

Nov.  27... . 

Distinct 

8.0 

.454 

.098 

.017 

.86 

5.0 

270 

56 

56 

Average . 

5.2 

.387 

.114 

.011 

97 

12.6 

257 

90 

33 

The  next  imx>ortant  place  on  Mahoning  River  below  Warren  is 
Niles,  which  has  a  population  or  7,4G8.  Between  Warren  and  Niles 
there  is  little  pollution  of  a  dangerous  character,  and  the  water  which 
reaches  the  latter  place  is  not  materially  different  from  that  shown  in 
Table  93.  At  Niles,  although  there  is  no  complete  system  of  sewers, 
the  pollution  is  extensive  and  dangerous.     There  are  probably  about 
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50  house  connections,  with  short  lines  of  pipe;  but  in  addition  to  these* 
th(»re  are  works  wliich  contribute  waste,  notiibly  a  tin-i)lato  and  iron- 
galvanizing  phint,  which  discharge  chemicals,  mostly  of  an  acitl 
nature,  into  the  river.  During  the  summer  of  1807  the  river  was  dis- 
colored for  9  miles  telow  Niles  and  many  fish  were  killed.  In  addition 
to  this  the  outhouses  connected  with  the  industrial  plants  ai-e  situated 
upon  the  edge  of  the  stream,  as  is  also  that  of  a  large  sclioolhoiise. 
Tlie  pollution  is  therefore  (»onstant  and  dangerous,  especiall3'  in  view 
of  the  fact  that  this  place  is  only  about  10  miles  above  the  intake  of 
the  Youngstown  wat<»rworks. 

Analyses  were  made  of  water  taken  from  the  river  below  Niles,  and 
a  comparison  of  the  results  with  those  of  analyses  of  water  taken 
below  Warren  shows  increased  pollution.  As  will  be  noted  bj'  com- 
parisons of  Tables  0*5  and  94,  the  incn^ase  in  chlorine  is  enormous. 
This,  however,  is  not  due  entirely  to  sewage  pollution,  but  arises  from 
the  influx  of  wat^r  from  several  salt  springs  in  the  vicinity  of  Niles. 


Table  94. — AiMlyses  of  icater  from  Mahoniruj  River  below  Niles. 

[Parte  per  million.] 


Nitrogen  a.**— 

Har 

Date  of  col- 
let ■tion. 

Turbidity. 

Color. 

Albn- 
minoid 
ammo- 
nia. 

Free 
ammo- 
nia. 

Ni- 
trites. 

Ni- 
trates. 

(Chlo- 
rine. 

Total 
resi- 
due. 

Alka- 
linity. 

1898. 

Jnne  18 

a.  5 

12.0 

0. 392 
.620 

0.126 
.144 

0.  007 
.010 

0. 05 
.25 

4.0 
.3 

200 
135 

102 

July23_... 

Decided 

84 

Aug. 28..   . 

Slight  . 

8.0 

.828 

.180 

.005 

.01 

4.5 

255 

100 

Sept.  80..   . 

None... 

•  2.0 

.208 

.078 

.004 

.00 

4.5 

245 

124 

Oct.  28 

Slight  _.- 

8.0 

.268 

.244 

.001 

.06 

6.2 

250 

140 

Nov.  27-... 

Decided . 

10.0 

.516 

.096 

.009 

« 

.  008 

.88 

8.8 
8.8 

233 
220 

54 

Average. 

n,  5 

.  889 

.  186 

.21 

92 

Nor- 
mal 
bard- 


24 
1^ 
26 
12 
8 
42 


91 


The  next  important  center  of  population  below  Niles  in  Youngs- 
town, the  largest  city  on  Mahoning  River,  containing  44,885  inhabit- 
ants. The  area  of  the  Mahoning  Basin  above  Youngstown  is  approxi- 
mately 000  miles,  about  50  per  cent  of  the  poi^ulation  of  which  is  urban. 
Between  Niles  and  the  water-supply  intake  at  Youngstown  the  prin- 
cipal points  are  Cortland,  Mineral  Ridge,  Canfield,  Mahoning  City 
Infirmary,  Girard,  Columbiana,  and  a  part  of  the  city  of  Youngstown 
itself,  containing  approximately  nearly  10,000  persons.  These  repre- 
sent a  total  population  of  10,352. 

The  pollution  from  these  centers  is  not  extensive,  <and  only  that 
from  the  upper  end  of  Youngstown  may  be  termed  dangerous.      The 
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liuality  of  water  as  it  arrives  at  the  Youngstowii  intake  is  therefore 
superior  to  that  which  leaves  Niles. 

Tabl.£  95. — Analysea  of  water  from  Mahmiing  River  aboiH'  Youngstown. 

[Parts  per  million.] 


Dat-e  of  rol- 
le<-ti<>n. 


1897. 
Jtiho  18  -- 
.Tnly  28. .. 
An^.  28  . 
Sept.  80  - . 
Oct.  28.. 
Nov.  27    . 


Turbidity.       I  Color. 


A  veraffft . 


None . 

Decided 

Very  slijifht. 

None 

.....do 

Diptinct 


5.0 
25. 0 

1 . 5 

3.0 

20.0 


10.8 


Nitrr>j?en  as- 

Albnmino  i  d 
ammonia. 

Free  ammo- 
nia. 

Nitrites. 

0.424 

0. 094 

0. 001 

.716  1 

.120 

.  005 

.436  ' 

.112 

.003 

.192 

1 

.  056 

.004 

.194 

.  052 

.004 

.386 

.096 

.009 

.391  ' 

.088 

.004 

r. 


0. 05 
.18 
.07 
Tr. 
.04 
.46 


3 


5. 3 
.3 

4.0 
13.5 
15.2 

5.0 


Hard 

« 

p 

T5 

•«-• 

<• 

? 

h 

s 

^ 

pl^ 

4 

et 

•5 

M 

0 

^^ 

H 

-< 

03 

.a 


as 

o  a 


245    ro 

145  22 
200  56 
370  88 
380  106 
255  '  64 


28 
20 
24 
86 
60 
54 


.13 


7  '^ 


266 


1 


46 


Kor  some  miles  tlie  Mahoning  River  flows  through  Yonngstown. 
Tli<^  city  is  provided  witli  int/ercepting  sewei*s,  whicli  carry  all  sewage 
b<»low  the  water  intake  and  discharge  it  into  llie  river  direct.  After 
the  awldilion  of  this  sf»wage  tlie  water  has  tlie  character  shown  in  the 
following  table. 

Table  96. — Amih/ses  of  wfttt^r  from  Mahoning  River  beiow  Yonngstoum. 

[Parts  p«'r  million.] 


Date  of  col- 
ItK^ion. 


Turlridity. 


1897 
June  18 
July  23. 
Aug.  28 
Sept.  30 
Oct.  28 
Nov.  27 


Color. 


.-H    OB 


Nitrojfen  as  - 

A 

a 

m 

30 

(V 

■4-t 

2 

X 

*^ 

4" 

u 

•w^ 

•fi 

£ 

"A 

5?5 

1 

4.0 


908 


None  _  . .  -   - 
Decided...      25.0 

Very  alight. .      8.5  .456 

;  None ..*     2.0  •  .268 

5. 0  . 454 

20.0  i  .460 


0.436   0.166   0.015   0.10 


120 
218 
230 
750 
150 


.010 
.015 
.030 
.092 
.017 


.31 


07 


.18 


07 


.56 


Average 


10.5      .497      .272      .030      .28      10.5 


136  NORMAL    AND   POLLUTED   WATERS.  [wo.W. 

There  are  no  analyses  or  public  records  applying  to  points  below 
those  indicated  in  Table  96;  therefore  the  character  of  the  contribution 
made  by  the  Mahoning  to  the  Ohio  can  not  be  determined.  As  has 
been  stated,  the  Mahoning  joins  the  Beaver  a  short  distance  below 
Youngstown,  just  east  of  the  boundary  line  between  Pennsylvania  and 
Ohio.  It  is  extremely  probable  that  the  Beaver  is  not  polluted  to  the 
extent  that  the  Mahoning  is,  and  we  may  therefore  be  fairl}'-  certain 
that  when  the  wat^i^s  of  the  Mahoning  reach  the  Ohio  River  their  condi- 
tion is  greatly  improved. 

MUSKINGUM   RIVER. 

Drainage  basin. — The  drainage  basin  of  the  Muskingum  is  the  larg- 
est in  Ohio,  covering  7,797  square  miles.  (See  fig,  16.)  It  is  forine<l 
at  C^oshocton  bj'  the  ccmfluence  of  the  Walhonding  and  Tuscarawas, 
and  from  that  point  flows  southward,  then  southeastward,  a  distance 
of  110  miles,  entering  the  Ohio  at  Marietta.  The  other  important 
tributaries  are  Licking  River  and  Wills  Creek. 

The  basin  occupies  nearly  all  of  the  southeastern  part  of  the  State, 
extending  from  Marietta  up  to  the  Lake  Erie  drainage  divide,  and 
from  the  Scioto  Basin  on  the  west  to  that  of  the  Ohio  River  on  the 
east.  Greologically  the  basin  is  made  up  of  two  portions — ^a  glaciated 
and  an  unglaciat<*d  area.  The  former  includes,  roughly,  the  western 
and  northwestern  parts  of  the  basin;  the  latter  comprises  the  remain- 
der. Agriculture  flourishes  in  the  glaciated  area,  where  the  surface 
is  smooth,  rolling,  or  flat,  while  mining  interests  have  been  develope<l 
in  the  unglaciated  part.  Many  parts  of  the  basin  are  entirely  defor- 
ested, yet  some  sections  still  bear  timber. 

Popidatiou  of  basin. — The  p^^pulation  of  the  Muskingum  Basin  is 
large,  and  has  been  increasing  at  a  rapid  rate  during  the  decide  end- 
ing 1900.  According  to  the  Twelfth  Census  the  total  population  is 
not  far  from  750,000,  or  about  J)7  i>er  square  mile.  Of  this,  the  url>an 
population  is  approximati^ly  200,000,  leaving  for  the  rural  districtvs 
550,000.  These  figures,  while  not  exact,  represent  a  careful  estimate 
taken  from  the  Twelfth  (^'ensus  repoi-ts. 

WALHONDING   CREEK. 

The  Walhonding  has  its  origin  in  the  west-central  portion  of  Rich- 
land C'Ounty.  The  highest  section  of  the  river  is  known  as  Black 
Fork;  flowing  southeastward  it  is  joined  by  Rocky  Fork  and  Jerome 
Fork,  and  below  the  confluence  of  the  latter  is  known  as  Mohican 
River.  Flowing  still  farther  southeastward  it  is  intercepted  by  Koko- 
sing  River,  and  from  this  point  to  Coshocton  the  term  Walhonding 
Creek  is  applied  to  it. 
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BLACK  PORK. 


At  the  head  of  Black  Fork  the  basin  is  a  sparsely  settled  agricul- 
tural  region,  containing  only  four  small  hamlets,  the  largest  having 
not  more  than  150  inhabitants.  Shelby,  a  growing  manufacturing 
town,  having  a  population  of  4,685,  is  the  highest  point  of  appreciable 


.Fig.  16.— Muskingum  River  drainage  basin. 

pollution.     The  run-off  water  from  the  area  above  this  place  is  prob- 
ably nearly  normal. 

The  Ohio  State  Board  of  Health  has  made  a  faithful  survey  of 
the  basin,  and  a  series  of  chemical  examinations  was  made  during 
the  spring,  summer,  and  fall  of  the  year  1899.  In  the  published 
report  of  this  work  there  appeara  a  series  of  analyses  of  samples 
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of  watcM"  taken  from  Black  Fork  abovo  Shelbj",  which  is  repr<Mliic*e<l 
below. 

Table  97. — AnalytwH  nf  water  from  Black  Fork  alxtve  SJielby, 

[Parts  i>er  million.] 


Date  of  col- 
lection. 


1899. 

Mav3 

May29  ... 
June  27  . . 
July  18... 
Aug.  17 . . 
Sept.  18... 
Oct.  12.. 
Nov.  17... 

Average - 


c 

0 

o 


18 

28 


30 
20 
16 


45 


26 


Nitrojfen  a.s— 


e 
V 
e 

V 
V 

None, 
e 


Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

1 

is 

j  Nitrates. 

0. 166 

0.071 

0.008 

0.06 

.660 

.110 

.002 

.11 

.174 

.070 

.002 

.10 

.268 

.061 

.016 

.06 

.246 

.088 

Tr. 

.02 

.166 

.  053 

Tr. 

.03 

.146 

.  033 

Tr. 

.00 

.  132 

.018 

.004 

.02 

.  245 

.063 

.004 

.05 

Of 

i 


4.1 
Tr. 
1.5 
.9 
4.3 
2.1 
1.3 
1.7 

2.0 


Hardness. 


I 

o 


406 
956 
.354 
407 

428 
411 
414 
468 


4-) 

a 

< 


197.6 
120.8 
176.8 
153.  G 
'  191.6 
I  191.4 
227.4 
181.8 


480     180. 1 


ee 

o 
>5 


c  »-  a 
k  ^  ' 


Inches, 

33 

2.15 

13. 

9 

1  —  — 

33.8 
84.8 
81.6 
59.2 
48.2 
98.6 

56,6 


^  .44 

^    .29 
o  oi 

+  1.31 

-    .06 

-1.62 


"  w,  wocxly;  e,  earthy;  v.  vej?etable. 


The  results  above  reported  indicat<^  that  the  water  analj'zecl  con- 
tained considerable  ort?ani(^  matter,  wiiich,  if  we  ina}'  judji^e  fi'oni  tlie 
conditions  exist injr  in  the  contribntini?  drainajrc  area,  is  of  vejrotable 
origin.  The  water  is  not  highly  colored  and  there  is  no  indication 
that  pollution  exists  other  than  that  inevitably  arising  from  doea^'e^i 
vegetation.  The  free  aniinonia,  nitrites,  and  chlorine  are  low;  the 
water  contains  a  comparatively  large  proportion  of  alkaline  salted, 
wlii(^h  cause  a  high  dcigreo  of  hardness.  It  is  evident,  however,  that 
nearly  75  per  cent  of  these  salts  are  carbouates.  In  general,  the  series 
of  analyses  is  important  because  it  is  one  of  a  very  few  available 
reports  ui)on  a  normal  or  practically  normal  surface  water  in  the 
northern  drainage  basin  of  the  Ohio  River. 

For  x>w>'P<^M<^8  of  comparison,  analj^ses  of  water  from  Black  Fork 
l)elow  Shelby  were  made  by  the  State  Hoard  of  Health,  the  samples 
iKjing  collected  at  the  same  time  as  were  those  reported  in  Table  IC 
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Table  98. — Annli/ses  of  water  from  Black  Fork  Jtelow  Shelby, 

lPart«  iHT  million.] 


1 

• 

1 

12 
32 
17 
60 
20 
20 

1 

NitroK«*n  a»- 

Dat«^  of  collec- 
tion. 

Albnminoid 
ammonia. 

1 

■c 

s 

0.015 
.032 
.034 
.022 
Tr. 
.002 

1 

0.06 
.15 
.12 

1.25 
.05 
.06 

• 

1 

1897. 

Mays 

May  29 

Jnne  27 

July  18 

Ang.  17 

Sept.  18  ..._ 
Ck't.  12  ft 

d« 

e 

d 

V 
V 

Cattle 

0.238 
.530 
.198 
.352 
.236 
.442 

11.7 
7.8 

12.5 
6.3 

28.3 

32.1 

Nov.  17 

20 

m 

.100  '  .014 

.06 

8.7 

Average. 

26  ' 

.299  !  .017       .25 

1            ] 

15.  3 

9i 


1 

o 


538 
435 
473 
aS3 
810 


598 


599 


HardiiesH. 


■»3 


u 


^ 


S  ^ 

u 

c 

5^. 


115.8  '  100.9 


103.0 
137.  8 
110.2 


54. 1 

87. 0 
88.8 


57.2     327.6 


959       90.4     350.6 


i  t 


.4 


98.8 


225. 6 


176.4 


I     ■ 

9  o  o 

■2ca 


Inrhrs. 

2.15 

■'  .44 
.29 

2.21 
.  1.31 
I  0.06 

1.62 


od,  diaain^eable;  e,  earthy;  v,  ve^retablo;  m,  moldy. 


''No  water  flowing. 


The  effect  of  pollution  from  Shel])y  is  evident  in  tlie  analyses  above 
i-eiK^rted.  There  is  a  significant  rise  in  the  proportions  of  free 
ammonia,  nitrites,  and  chlorine,  wiiidi  (»an  be  due  to  nothing  else 
than  sewage  i)olIiition.  It  is  worthy  of  note  tliat  there  is  a  great 
change  in  tlie  character  of  the  alkaline  salts  containe<l  in  the  water. 
The  marked  decrease  in  alkalinity,  acconipanicHl  by  the  increase  in 
normal  hardness,  shows  that  through  some  influence,  probably  by 
the  discharge  of  some  chemical  at  Shelby,  the  carl>onates  have  l)een 
changeil  to  sulphates  or  chlorides. 

Black  Fork  is  joined  bj'  Rock}'  Fork  about  30  miles  below  Shelby, 
hilt  the  intervening  countrj'^  is  sparcely  settled  and  there  is  little*  fur- 
ther material  pollution  except  that  from  Richmond  ( -ounty  Infirmaiy. 

ROCKY  FORK. 

^rhe  drainage  area  of  Rocky  Fork  lic^s  in  the  (^entral  part  of  Rich- 
land County,  immediately  south  of  that  of  Black  Fork.  During  past 
veal's  it  has  been  one  of  the  most  grossly  polluted  streams  in  Ohio, 
l>eeaii8e  of  the  discharge  into  it  of  raw  s(»wage  from  ]Mansfield,  a  city 
of  17,640  inhabitants.  The  (H)ndition  of  the  stream  below  this  city 
has  been  so  offensive  th^it  it  Ix^came  necessary  to  establish  a  system 
of  sewage  disposal.  The  Ohio  State  I^oard  of  Health  examined,  pre- 
vious to  the  installation  of  this  disposal  plant,  two  series  of  samples 
of  water  from  Rocky  Fork,  one  of  the  sampling  points  being  located 
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above  the  city  and  the  other  below.  That  part  of  the  drainage  area 
above  Mansfield  comprises  a  country  richly  fertilized  for  agricultural 
purposes,  and  the  run-off  is  therefore  not  normal  for  the  basin. 

Table  »9. — Averages  of  analyses  of  water  from  Rocky  Fork,  above  and  helcnc 

Matisfield. 

[Parts  per  million.] 


Nitrogen  as— 

Hardnesfi. 

1 

1 

Placeof  collection. 

Color. 

1 

1 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

Nitrites. 

Nitrates. 

I  Chlorine. 

1 
1 

1 

• 

i 

Above    Mans- 

field   

20 

....  0.282 

0. 051 

0. 005 

0.08 

2.9 

512 

169.7 

59.0 

8 

Below    Mans- 

field  

23 

fa 

.413 

.088 

.088 

.14 

16.7 

Sim 

146.1 

55.5 

1 

8 

a  f ,  fiflhy. 

It  is  hardly  necessary  to  comment  on  the  contrast  offered  by  the 
two  averages  set  forth  in  the  above  table.  The  second  statement 
shows  an  enormous  increase  in  organic  matter,  in  chlorine,  and  in  all 
other  constituents  which  serve  to  indicate  extensive  sewage  pollu- 
tion. It  is  l)elieved  that  the  river  has  been  improved  since  the  estal)- 
lishment  of  the  Mansfield  sewage  purification  works,  but  an  analytical 
proof  is  not  at  hand. 

Between  the  junction  of  Rock}'^  Fork  and  Black  Fork  and  the 
entrance  of  Clear  Fork  is  the  village  of  Loudensville,  containing  1,5(«) 
inhabitants.  There  is  no  public  water  supply  or  sewerage  system, 
but  there  is  nevertheless  considerable  drainage  into  the  stream  In-  pri- 
vate sewers,  ditches,  and  gutters. 

Clear  Fork  appears  to  be  a  comparatively  clean  stream,  the  princi- 
pal center  of  population  within  its  drainage  area  being  Helniont, 
which  has  a  population  of  1,039. 


JEROME  FORK. 

At  the  confluence  of  Black  and.  Jerome  forks  is  the  head  of  Mohican 
River.  Jerome  Fork  drains  the  greater  part  of  Ashland  County  antl 
the  western  portion  of  Wayne  County.  The  only  place  of  impor- 
tance upon  the  stream  is  the  city  of  Ashland,  with  4,087  inhabitants, 
provided  with  a  wat(*r  supply  and  sewerage  system. 

MOHICAN  RIVER. 

From  the  above  statements,  it  is  clear  that  the  water  contributed 
to  Mohican  River  by  the  tributaries  described  is  badly  polluted  and 
of  little  value  in  its  raw  state  as  a  water  supply.    The  remainder  of 
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the  resources  vested  in  the  water  of  this  stream  are  probably  not 
greatly  affected  by  pollution. 

OWL  CREEK. 

Mohican  River  flows  nearly  due  south  to  its  confluence  with  Owl 
Creek,  and  there  are  upon  its  banks  no  important  een^rs  of  popula- 
tion. The  water  flowing  in  the  channel  must,  therefore,  constantly 
improve  in  quality.  Owl  Creek,  however,  is  a  different  stream;  it 
drains  the  greater  part  of  Knox  County,  and  extends  to  the  Scioto 
River  divide.  The  country  is  level  and  is  a  very  fertile  agricultural 
region.  In  the  middle  of  the  drainage  area  is  the  city  of  Mount  Ver- 
non, having  a  population  of  0,633.  It  is  a  rather  important  manufac- 
turing town,  although  it  has  not  grown  much  during  the  last  decade. 
A  water  supply  and  a  system  of  sewerage  has  been  provided,  the  lat- 
ter emptying  directly  into  Owl  Creek.  There  is  also  considerable 
surfivce  pollution  f i*om  vaults  and  cesspools.  Above  the  city  of  Mount 
Vernon  thei-e  are,  in  Owl  Creek  Basin,  several  small  villages,  which, 
together  with  the  richly  fertilized  fields,  contribute  a  suflicient  amount 
of  pollution  to  the  river  to  materially  change  the  quality  of  the  water, 
which  would  otherwise  l)e  normal. 

Tabi^  100.  — Averages  of  aiialyses  of  tcdter  frotn  Owl  Creek  above  and  below  Mount 

Vernon. 
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KILLBUCK  CREEK. 


Killbuck  Creek  enters  Mohican  River  a  sho^t  distance  below  the 
mouth  of  Owl  Creek.  It  drains  a  large  part  of  Wayne  and  Holmes 
counties  and  a  small  part  of  Coshocton  County.  At  the  headwaters 
of  this  8tr€«ftm  is  a  comparatively  large  rural  population,  the  principal 
centers  of  which  are  Warsaw  and  Creston,  while  the  highest  town  of 
importance  is  Wooster,  a  city  of  6,063  inhabitants. 

Above  Wooster  two  jwints  were  selected  by  the  Ohio  State  Board  of 
Health  for  the  collection  of  samples  of  water  for  analysis;  one  in  Kill- 
buck  Creek,  above  the  mouth  of  Apple  Creek,  which  flows  in  at  Woos- 
ter; one  in  Apple  Creek  above  Wooster,  and  the  third  below  Wooster, 
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the  latter  representing  a  mixture  of  watei*s  from  both  Killbuek  an<i 
Appk^  ereekH.  Above  Woosl43r  on  Apple  Creek  are  the  Wayne  C.^oiiiity 
Childrens'  Home  and  the  Wayne  County  Infirmary,  wliich  pollute  the 
water  of  the  stream  to  some  extent.  At  Wooster  are  Wayne  College 
and  several  industrial  establishments. 

Tablk  101. — Averages  of  amilyses  of  waterfront  Apple  aiul  KiUhuck  creeks  abitVf 

Wooster  and  from  Killbuek  Creek  Inflow  Wooster. 
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B<^tween  Wooster  and  the  junction  of  Killbuek  Creek  with  Wal- 
honding  Ch*eek  there  are  numerous  small  villages,  a  few  being  £)ro- 
vi<led  with  small  sewerage  systems.  It  is  more  than  likely  thut  the 
condition  of  the  water  shown  in  the  last  analysis  in  Table  101  is  main- 
tained by  these  small  pollution  points  in  practically  the  same  condi- 
tion as  that  indicated  in  the  table. 

From  the  mouth  of  Killbuek  Creek  it  is  only  a  shoil  distance  down 
Walhonding  Creek  to  (.oshocton,  the  head  of  Muskingum  River. 
The  Ohio  State  l^oard  of  Health  hjis  made  an  analysis  of  the  water  of 
Walhonding  Creek  abov  e  Coshocton  which  shows  clearly  tlie  char- 
acter of  the  water  cumtributed  to  the  Muskingum  by  the  Walhonding 
Basin. 

TUSCARAWAS  RIVER. 

The  basin  of  the  Tuscarawas  covers  about  2,547  square  miles  in  the 
northwestern  portion  of  Muskingum  watershed.  It  is  the  largest 
tributary  of  the  Muskingum,  flowing  through  a  fertile,  prosixii-oos 
country,  which  has  a  large  population,  and  is  dotted  over  with  rapidly 
growing  municii)alities.  In  the  central-southeastern  part  of  the  basin 
coal  mining  is  largely  developed,  while  agriculture  is  confined  in  gen- 
eral to  the  northern  and  wc^stern  portions.  The  river  rLses  in  Sum- 
mit County,  and,  by  a  somewhat  circuitous  route,  finally  takes  a 
course  southwest,  flowing  through  Stark,  Tuscarawas,  and  Coshocton 
counties,  and  meets  Walhonding  Creek  at  Coshocton  to  form  the 
Muskingum. 
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The  tributaries  of  the  Tuscarawas  are  important,  and  cover  diverai- 
fied  ix>rtions  of  the  drainage  area.  Chief  ainoug  these  is  Big  Stillwater 
Creek,  which  flows  from  the  south,  through  Harrison  and  Tuscarawas 
counties,  draining  an  area  of  472  square  miles.  Sugar  Creek  flows  in 
from  the  northwest,  its  basin  comprising  356  s<iuare  miles.  Sandy 
Creek  is  an  important  stream  which  flows  in  from  the  east,  along  the 
northei-n  part  of  Carroll  and  the  southern  boundary  of  Stark  counties. 

HIGHLAND  TRIBUTARIES. 

Wolfe  and  Chippewa  creeks  drain  the  northernmost  portions  of  the 
Tuscaraw^as  Basin,  comprising  parts  of  Summit,  Medina,  and  Wayne 
counties.  There  are  numerous  small  viHages  in  the  basin,  which  have 
no  iniportiint  influence  on  the  character  of  the^  run-off  water,  although 
they  undoubtedly  pollute  it  to  some  extent.  The  first  important  cen- 
ter of  poi>ulation  is  Barberton,  a  comparatively  new  town,  the  growth 
of  which  has  been  rapid,  by  I'eason  of  the  recent  establishment  of 
manuf Picturing.  A  system  of  sewers  has  been  provided,  which  serves 
about  3,000  people,  and  has  an  outlet  in  Wolfe  Creek.  The  manu- 
facturing refuse,  too,  damages  the  stream  to  some  extent.  Wads- 
worth,  Orrville,  Dalton,  and  Doyleston  are  situated  in  the  drainage 
area.  These  municipalities  are  not  important,  although  from  Wads- 
worth  there  is  considerable  contamination  of  the  stream  f  ix)m  the  salt 
works  established  there.  Rillman  is  also  an  important  center  of  the 
salt  industry,  the  wast-es  from  which  impregnate  the  whole  drainage 
from  this  section. 

The  largest  city  in  the  Tuscarawas  Basin  is  Mjissillon,  an  import- 
ant manufacturing  place  in  Stark  County,  situated  a  few  miles  below 
the  confluence  of  Wolfe  and  Chippewa  creeks,  and  having  a  popula- 
tion of  11,944.  Refuse  from  strawboard  factories  and  other  manufac- 
turing plants,  as  well  as  the  sewage  from  a  combined  system  of  sewers, 
pollutes  the  stream.  The  Ohio  State  Board  of  Health  has  made  a  series 
of  analyses  of  the  water  taken  from  the  river  above  and  below  Mas- 
sillon,  the  avei*age  results  of  which  are  set  forth  in  Table  102. 

Table  103. — Avertuffit  of  analyHea  of  water  of  TiiHcarawas  River  (ibove  and  behnv 

Masillon. 
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In  the  above  analyses  the  effects  of  waste  from  salt  works  are 
readily  apparent  in  the  high  clilorine  content.  Aside  from  this, 
the  river  shows  a  high  content  of  organic  matter,  which,  although 
no  records  of  normal  water  are  available  for  c^mparLson,  seems  to 
indicate  pollution  from  the  country  above.  The  average  representa- 
tive analyses  of  water  from  the  river  below  Massillon  show  a  char- 
acteristic increase  in  the  amount  of  organic  matter,  yet  the  chlorlDe 
does  not  appear  to  be  present  in  so  large  proportion  as  above  the 
city.  This  is  not  explained  in  the  last  report  of  the  Ohio  State  Ik^ard 
of  Health;  it  may  \ye  due  to  dilution,  as  there  are  two  streams  ent-er- 
ing  the  river  between  the  sampling  point  above  the  city  and  that 
below. 

SANDY  CKBEK. 

Sandy  Creek  enters  the  Tuscarawas  a  short  distance  below  Mas- 
sillon, and  contributes  a  considerable  amount  of  pollution  from  Can- 
ton, Wellsville,  Minerva,  and  other  small  places.  Minerva  has  a 
population  of  1,20()  and  is  situated  upon  Clear  Fork,  at  the  extreme 
etistern  end  of  the  Muskingum  Basin. 

NIMISHILLJ£N  CKIOfiK. 

The  principal  stream  of  interest  in  the  Sandy  Creek  drainage  area 
is  a  tributary  called  Nimishillen  Creek,  which  drains  the  country  to 
the  north,  including  the  city  of  Cantcm  and  the  village  of  Louisville. 
The  latter  is  situated  upon  the  east  branch  of  the  creek,  has  a  popu- 
lation of  1,374,  and  is  provided  with  a  public  water  supply,  but  no 
sewers.  The  east  brancli  runs  through  Canton  and  joins  the  w^est 
branch  at  the  lower  end  of  the  city.  The  Ohio  Stat«  Board  of  Health 
has  conducte<l  two  series  of  analyses  of  water  from  west  branch,  one 
above  and  one  below  Canton. 


Table  103. — Averagea  of  aualyseH  of  tviiter  from  yiviUhillen  Creek  abot>*  itnd 

below  Canton. 
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The  contrast  presented  by  the  above  averages  indicates  unmistak- 
ably the  great  change  in  the  character  of  the  water  after  it  receives 
pollution  from  Canton. 
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TUSCARAWAS  AT  CANAL  DOVER  AND  NEW  PHILADEI^HIA. 

Canal  Dover  and  New  Philadelphia  are  cities  situated  on  the  oppo- 
site sides  of  Tuscarawas  River  at  the  junction  of  Sugar  Creek,  a 
stream  which  drains  a  considerable  area  of  country  to  the  northwest. 
The  former  city  has  a  population  of  5,422;  the  latter  contains  6,213 
inhabitants.  Both  are  important  manufacturing  places,  and  their 
industrial  plants  contribute  a  large  amount  of  foul  matter  to  the  river. 
Canal  Dover  has  no  sewerage  system  at  present,  but  the  drainage  into 
the  river  is  nevertheless  extensive.  New  Philadelphia  has  an  excel- 
lent sewerage  system,  which  discharges  into  the  river.  We  have, 
then,  at  this  point  a  combined  population  of  11,035,  the  wastes  from 
Mrhich  have  an  important  effect  on  the  quality  of  the  Tuscarawas 
River. 


TABL.K  104, — Averages  of  analyses  of  ioater  from  Tuscarawas  River  above  Canal 

Dover  and  below  New  Philadelphia. 
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Comparison  of  the  results  of  analyses  from  the  two  points  above 
stated  shows  that  the  water  in  Tuscarawas  River  is  not  materially 
changed  after  receiving  the  pollution  from  Canal  Dover  and  New 
Philadelphia.  It  is  probable  that  the  amounts  of  nitrogen  and  of 
chlorine  are  practically'  the  same,  and  that  the  color,  turbidity,  and 
odor  do  not  differ  widely.  The  reason  for  this  is  not  far  to  seek. 
Examination  of  tlie  map  will  show  that  between  the  sampling  point 
above  Canal  Dover  and  that  below  New  Philadelphia  three  tributaries 
enter — Sugar  Creek,  Stone  Creek,  and  Oldtown  Creek.  The  first  of 
these  tributaries  drains  an  area  of  356  square  miles;  the  other  two 
have  basins  considerably  smaller.  The  water  flowing  from  these  trib- 
utaries is  not  polluted  to  any  significant  extent,  and  it  is  reasonable 
to  believe  that  the  large  measure  of  dilution,  which  must,  of  necessity, 
arise,  is  suflicient  to  account  for  the  lack  of  material  difference  in  the 
character  of  the  water  as  shown  by  analyses  at  the  two  sampling 
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points.  The  quantitative  determinations  of  bacteria  made  by  the  Slate 
Board  of  Health,  however,  tell  another  story.  It  has  also  been  remarked 
that  the  differences  between  gelatin  culture  media  manufactured  in 
different  laboratories  are  often  the  cause  of  varying  results  in  deter- 
mining the  numl)er  of  bacteria,  so  that  when  the  same  water  is  tested 
the  numl)er  of  bacteria  found  in  different  cases  varies  widelv- 
Therefore  little  value  can  be  given  to  ([uantitative  deteriniiiations. 
imless  numbers  vary  to  such  an  extent  that  the  difference  between 
one  and  the  other  is  greater  than  any  possible  error  introduced  by  tlie 
discrepancy  in  the  work.  In 'the  report  of  the  Ohio  State  Board  of 
Health,  above  referred  to,  the  average  number  of  bacteria  per  cubic 
centimeter  above  Canal  Dover  is  2,350,  and  below  New  Philadelphia 
6,200,  a  difference  so  wide  that  it  can  not  be  reasonably  accounted  for 
by  variations  which  might  be  introduced  into  the  work  by  the  use  of 
nonuniform  culture  media.  The  media  used  in  these  determinations 
were  all  made  in  the  same  laboratory  and,  presumably,  after  the  same 
methods,  so  that  it  is  probable  that  the  above-described  variation 
would  not  occur.  The  fact  that  there  are  so  many  more  bacteria  in 
the  water  below  New  l^hiladelphia  than  above  Canal  Dover  arises 
unquestionably  from  the  difference  in  the  character  of  the  organic 
matter.  In  other  words,  the  fact  that  there  is  sufficient  organic  mat- 
ter of  a  certain  kind  in  the  water  at  the  lower  sampling  station  to  pro- 
vide food  for  G,200  bacteria,  while  at  the  upper  station  it  is  suffi  ient 
in  amount  to  provide  food  for  only  2,350,  shows  that  the  character 
of  the  organic  matter  has  been  seriously  changed,  even  though  the 
large  degree  of  dilution  arising  from  the  cause  above  stated  preserves 
the  proiK)rtionate  amount's  practically  the  same. 

STILLWATER  CREEK. 

After  proceeding  down  Tuscarawas  River  for  5  or  6  miles  one 
comes  upon  the  confluence  of  Stillwater  Creek.  This  stream  litis  a 
drainage  area  of  472  square  miles,  lying  x>rincipally  in  Harrison,  Bel- 
mont and  Tuscarawas  counties.  The  river  forks  a  few  miles  from 
this  confluence  witli  the  Tuscarawas,  and  thereafter  the  northernmost 
branch  is  called  Little  Stillwater  Creek,  while  that  immediately  to  the 
south  is  known  as  Big  Stillwater  Creek.  The  pollution  in  the  basin 
of  Little  Stillwater  Creek  is  not  extensive,  while  in  the  upper  part  of 
the  Big  Stillwater  Basin  there  are  only  a  few  small  centers  of  i>opula- 
tion,  such  as  liarnesville,  Piedmont,  and  Freeport.  At  the  junction 
of  the  two  forks  are  situated  the  municipalities  of  Uhrichsville  and 
Dennison. 

The  following  statement  of  averages  of  analyses  of  water  above 
Uhrichsville  and  below  Dennison  are  taken  from  the  report  of  the 
Ohio  State  Board  of  Health,  above  referred  to. 
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Tablk  105. — AveragvH  of  aiutlynes  of  UHitcr  fnrm  Stillwater  Creek  above  Uhricha- 

ville  and  below  Uhrichsville  and  Denniaon. 
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The  evidences  of  increase  in  i>ollution  appearing  in  the  two  aver- 
ages above  referred  to  are  easily  appreciable,  notably  by  the  rise  in 
free  ammonia  and  chlorine. 

Below  the  mouth  of  Stillwater  Creek,  in  the  course  of  the  40  miles 
which  intei'vene  between  that  point  and  the  head  of  Muskingum 
River,  small  villages  are  situated  upon  the  banks  of  the  stream,  con- 
taining the  usual  number  of  industries,  but  the  only  important  center 
of  i>olliition  is  Newcomerstown,  which  has,  according  to  the  Twelfth 
Census  report,  2,659  inhabitants. 

MUSKINGUM   RIVER  BELOW   COSHOCTON. 

Walhonding  Creek  and  Tuscarawas  River  are  further  polluted  at 
their  confluence  by  drainage  from  the  city  of  Coshocton,  which  hiis  a 
popuhition  of  6,473.  Along  the  water  front  of  this  city  are  located 
important  manufacturing  plants,  which  pour  their  wastes  into  the 
sti-eam.  The  city  is  provided  with  a  water  supply  and  sewerage  sys- 
tem, and  the  sewage,  together  with  that  carried  by  surface  drains,  as 
well  as  the  town  garbage,  is  poured  into  the  river.  There  arises, 
therefore,  at  this  point  an  important  contamination,  which  is  said  to 
be  offensive  during  periods  of  low  water.  Three  series  of  analyses 
have  been  carried  on  at  Coshocton  by  the  Ohio  State  Board  of  Health. 
The  sampling  points  chosen  were  Walhonding  Creek  and  Tuscarawas 
River,  both  above  the  confluence  of  Coshocton  pollution,  and  a  point 
on  Muskingum  River  at  a  proper  distance  below  the  confluence  of 
the  two  main  tributiiries  where  it  was  reasonably  certain  that  the 
waters  of  the  two  streams  and  the  pollution  from  Coshocton  were 
thoroughly  mixed. 
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Table  106. — Averages  of  analyaes  of  tvater  from  Walhonding  Creek  and  Tn»- 
caratras  River  above  Coshocton  and  front  Muskingum  River  below  Coshocton. 

[Parts  per  million.] 


Plaice  of  collection. 


Walhonding  Creek  above 
Ckiehocton 

Tuscarawas  River  above 
Coshocton 

Mnskingmn  River  below 
Coshocton 


0 


113 


o 
o 
O 


21 
16 


o 

o 


Nitrogen  as- 


0.S5 
SB 


^ 


ea 


0.187 


128 


180 


o 

a 
a 

08. 


d 


0.045 


.088 


.043 


I 

B 


0.001 


.003 


.005 


I 


0.10 


.06 


.06 


a 

•c 

O 


5.4 


20.6 


19.4 


rs 


s 

O 


HardneeK. 


"3 


306 
308 
889 


138.0 
119.0 
1^.4 


b 
.£3     . 

S  G 

O 

55 


14.4 
29.1 
4ft.  2 


s 

si 


8 
8 
8 


«  e,  earthy. 

Comparison  of  tlie  analyses  of  water  from  Walhonding  Creek  above 
Coshocton  with  those  of  water  from  Tuscarawas  River  shows  that 
the  latter  is  not  so  highly  colored.  The  amount  of  residue  is  the 
same  as  in  the  Tuscarawas,  the  alkalinity  higher,  but  the  normal 
hardness  less.  It  is  notable  that  the  content  of  chlorine  in  the 
Tuscarawas  is  higher,  the  difference  being  due  principally  to  contami- 
nation from  the  salt  works  in  the  upper  part  of  the  basin  of  that 
tributary.  The  Walhonding  has  more  organic  matter  than  the  Tus- 
carawas. In  both  streams  the  water  is  gi*eatly  damaged  by  pollution, 
but  the  nuisance  occasioned  thereby  is  not  general,  being  confined 
to  certain  localities  near  points  of  discharge  of  certain  city  sewers. 


WILLS  CREEK. 


Wills  Creek  enters  the  Muskingum  from  the  e^ist  a  short  distance 
below  Coshocton.  It  is  the  drainage  outlet  of  Guernsey  County,  and 
the  basin  comprises  also  small  areas  in  Noble  and  Belmont  counties. 
The  creek  is  formed  by  the  confluence  of  Buffalo  Fork  and  Seneca 
Falls  Creek  a  short  distance  north  of  Noble  County  line,  and  pursues 
an  extremely  winding  course  to  its  outlet,  running  through  Guernsey, 
Coshocton,  and  Muskingum  counties  and  into  the  Muskingum  River. 
The  only  considerable  center  of  population  in  the  drainage  area  is 
Cambridge,  a  city  of  8,241  inhabitants.  This  is  an  important  coal- 
distributing  point,  and  it  contains  tin  and  iron  mills,  which  contribute 
considerable  amounts  of  wastes  to  the  river.  Sewere  have  been 
introduced  at  Cambridge  and,  although  they  have  not  been  widely 
extended,  they  do  their  full  measure  of  damage  to  the  stream. 
Leatherwood  Creek,  which  enters  Wills  Creek  at  Cambridge,  drains 
an  important  mining  district  and,  as  a  result,  is  very  turbid  by  rea- 
son of  a  large  amount  of  coal-mine  waste. 
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The  Ohio  St^te  Board  of  Health  has  conducted  a  series  of  analyses 
of  uvater  above  and  below  Cambridge  on  Wills  Creek.  That  above 
Cambridge  is  not  representative  of  the  character  of  Leatherwood 
Creek  water. 


TABI.K    107.- 


-Averages  of  analyses  of  ivater  from  Wills  Creek  alHrce  and  Itelow 

Cambridge. 


[Parts  per  million.] 
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The  results  above  set  forth  indicate  a  considerable  rise  in  free 
ammonia,  nitrites,  and  chlorine  after  the  water  passes  Cambridge. 
Mr.  Benjamin  II.  Flynn,  engineer  of  the  Ohio  State  J^oanl  of  Health, 
is  of  the  opinion  that  there  is  not  sufficient  discharge  of  sewage  from 
Cainliridge  to  account  for  so  great  a  rise  in  the  constituents  indicating 
seM'ajice  pollution,  and  that  the  change  is  probably  due  to  industrial 
wastes.  The  i-eduction  in  the  amount  of  turbidity  is  interesting,  as 
it  indicates  a  possible  discharge  of  coagulating  mat^nal  from  the 
miners,  i)robably  sulphate  of  iron.  To  this  extent,  therefore,  the 
industrial  pollution  may  be  regarded  as  a  tonefit. 

LICKINO  CREEK. 

About  20  miles  below  the  confluence  of  Wills  Creek  is  the  city  of 
Zanesville,  at  which  jKnnt  Licking  Creek  joins  the  Muskingum.  This 
stream  drains  the  north  of  Licking  County  and  part  of  Knox,  Perry, 
and  Muskingum  counties.  The  western  part  of  this  basin  is  level  and 
is  devoted  to  agriculture,  while  the  eastern  part  is  hilly.  At  the  head- 
waters of  the  stream  are  many  small  towns,  the  principal  ones  being 
Centerburg,  XJtica,  Pataskola,  Johnstown,  and  Granvilh-*,  having  a 
combined  i)opulation  of  4,270. 

Newark,  with  a  population  of  18,157,  is  the  commercial  center  of  the 
basin.  It  contains  many  manufacturing  industries  and  several 
slaughter  houses,  and  these,  together  with  the  city  sewage,  make  the 
river  very  foul  at  times. 

Analyses  of  water  from  Licking  Creek  above  Newark  indicate  that 
it  is  rich  in  organic  matter,  yet  there  is  no  special  evidence  of  danger- 
ous contamination,  while  the  samples  taken  from  the  stream  below 
Newark  present  the  usual  contrast. 
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Table  10ft. — Averages  of  analyses  of  vjater  from.  Licking  Creek  alnrre  and  Itelotr 

Newark. 

[Parts  per  million.] 
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The  city  of  Zanesville,  with  population  of  23,538,  is  the  largest 
center  of  pollution  yet  considered  in  the  drainage  Imsin  of  the  Muskin- 
gum. The  water  supply  is  taken  from  Muskingum  River  just  above 
the  city,  but  the  water  is  so  impure  that  steps  are  now  being  taken  to 
improve  its  quality  or  to  procure  another  source  of  supply.  A  sewer- 
age system  has  been  provided,  and  the  manufacturing  industries  are 
important.  In  addition  to  the  contamination  from  sewers  and  from 
these  manufacturing  plants,  the  river  receives  sewerage  drainage, 
which  is  dangerously  polluted  by  slovenly  methods  of  disxK>sing  of 
garbage  and  night  soil. 

The  Ohio  State  Board  of  Health  has  conducted  three  series  of  exam- 
inations, eight  samples  being  taken  from  each  of  the  following  points: 
Muskingum  River  above  Zanesville,  Licking  Creek  above  Zanesville, 
and  Muskingum  River  below  Zanesville.  The  averages  of  the  results 
of  these  examinations  are  reproduced  below. 

Table   109. — Average  results  of  analyses  of  water  from  Licking  Creek  <ibov€ 
Zanesvile  and  from  Muskingum  River  above  and  lyelow  Zanesville. 

[Parte  i)er  million.] 
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There  is  a  striking  similarity  in  the  analyses  of  the  waters   from 
Muskingum  River  and  from  Licking  Creek  alK)ve  Zanesville.     In  fact". 
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the  determinations  practically  conform,  the  only  significant  departure 
being  in  the  case  of  chlorine.  In  the  preceding  pages  it  has  been  noted 
that  salt  works  contributed  large  quantities  of  waste  to  the  Tuscara- 
was River,  which  I'esults  in  raising  the  amount  of  chlorine  to  a  height 
unwarranted  by  existing  sewage  pollution.  To  this  is  probably  due 
a  part  of  the  excess  of  chlorine  in  water  in  Muskingum  River  above 
Zanesville  over  that  in  Licking  Creek. 

In  the  introduction  to  this  paper  it  was  stated  thatthe  chlorine  con- 
tributed to  surface  water  does  not  undergo  mechanical  change  similar 
to  that  which  takes  place  in  the  nitrogen  compounds,  but  firmly  main- 
tains its  identitj',  fluctuating  in  amount  according  to  the  dilution 
wliich  it  receives  from  tributaries,  or  the  contributions  from  sewers 
and  other  polluting  factors,  and  when  organic  matter  is  completely 
changed  to  inorganic  compounds,  and  all  other  trace  of  contamination 
is  lost,  the  chlorine  remains  an  unshaken  witness  of  past  pollution. 
We  have  also  seen  in  the  pages  immediately  pi'eceding  that  large 
amounts  of  sewage  are  poured  into  the  streams  in  the  Muskingum 
Basin.  By  the  time  the  water  reaches  Zanesville  the  organic  matter 
poured  in  from  the  cities  in  the  upper  part  of  the  basin  has  been 
nearly  or  completely  consumed,  and  that  which  appears  on  analysis 
is  undoubtedly  of  recent  origin.  But  the  chlorine  in  the  Muskingum, 
which  is  in  so  great  excess  over  that  in  Licking  Creek,  is  largely  the 
evidence  of  poUoition  both  from  sewage  and  from  the  salt  works  in 
the  upi)er  part  of  the  basin. 

The  condition  of  the  water  of  Licking  Creek  is  so  similar  to  that  of 
Muskingum  that  it  can  not  be  said  that  either  stream  is  a  detriment 
or  a  benefit  to  the  other.  In  the  one  case  we  have  a  water  recently  pol- 
luted, while  in  the  other  it  appears  that  the  water  was  at  one  time 
more  seriously  contaminated,  but  through  the  effects  of  oxidation, 
sedimentation,  and  dilution  the  evidences  of  this  contamination  have 
been  nearly  lost,  and  the  most  apparent  pollution  is  that  derived  from 
sources  not  far  above  Zanesville. 

Analyses  of  the  water  of  the  Muskingum  below  Zanesville  show,  in 
a  fairly  satisfactory  manner,  the  effect  of  the  commingling  of  the 
waters  of  Licking  Creek  and  Muskingum  River  in  conjunction  with 
the  wastes  of  Zanesville. 

Below  Zanesville,  on  the  Muskingum  and  on  the  minor  tributaries, 
there  are  a  number  of  small  towns  which,  while  collectively  they  con- 
4  ribute  some  foreign  matter,  do  not  influence  the  character  of  the 
water  extensively.  There  is  no  place  of  importance  until  McConnels- 
ville  is  reached,  the  county  seat  of  Morgan  County,  containing  1,825 
inhabitants,  and  provided  with  water  supply  and  sewers.  Just  above 
this  place  the  Ohio  State  Board  of  Health  has  taken  a  series  of  samples 
for  examination,  the  results  of  which  are  embraced  in  the  following 
table. 
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Table  110. — Analyses  of  ivater  from  Muskingum  River  above  McCannelsviUe, 

[Parts  per  million.] 
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From  MeConnelsvillo  to  Marietta,  at  the  mouth  of  the  river,  there 
are  the  usual  number  of  small  villages,  the  effects  of  which  upon  the 
character  of  the  water  are  not  important.  Marietta,  with  population 
of  13,3S4,  has  considerable  manufacturing  and  a  public  water  supply 
and  sewerage  system,  which  empties  into  Ohio  River,  so  that  it  has  no 
effect  on  the  Muskingum.  There  is,  however,  considerable  manufac- 
turing sewage  poured  into  the  hitter. 

TabTjE  111. — Analyses  of  water  from,  Muskingum  River  above  Marietta, 

[Parts  -per  million.] 
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b  Enormous. 


The  above  anal^yses  show  fairly  well  the  character  of  the  wat-er  con- 
tributed to  the  Ohio  system  from  the  Muskingum  Basin.     The  water 
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improves  in  quality  between  Zanesville  and  the  month  of  the  river, 
and.  therefore  the  effect  of  the  Mnskingum  system  on  the  Ohio  is 
less  dama^ng  than  might  be  supposed  after  considering  the  points  of 
X>ollution  in  the  Mnskingnm. 

Tlie  analyses  given  certainly  show  that  the  Mnskingnm  is  in  many 
places  a  very  foul  stream.  Indeed,  there  are  few  points  at  which 
vrater  can  be  collected  in  its  normal  and  undamaged  state.  This 
stream  is  certainly  not  a  proper  one  to  use  as  a  sewage  course,  for  its 
l^reatest  value  is  in  its  water  resources.  It  is  not  good  for  much  as  a 
80urc*.e  of  power,  its  navigation  is  insignificant,  and  the  humid  climate 
of  tlie  country  makes  its  use  for  irrigation  unneoessar}\  There  are, 
perliaps,  certain  points  along  the  course  of  the  stream  which  are  fit 
places  for  the  harvesting  of  an  ice  crop,  but  the  Muskingum  can 
never  l>e  an  extensive  ice  field.  Therefore  the  water-supply  value  of 
tlie  river  is  practically  the  onlj'  important  one,  and,  as  has  been 
showTi,  this  is  greatly  damaged.  It  is  unwise  to  utilize  for  domestic 
purposes  the  watei*s  of  the  Muskingum  and  its  tributaries  at  almost 
any  point  unless  efficient  means  of  purification  are  adopted.  On  the 
other  hand,  the  character  of  the  river  basin  is  such  that  self -purifi- 
cation readily  takes  place.  There  is  no  doubt  that  if  means  were 
iise<l  to  purify  the  sewage  which  is  now  poured  into  the  stream,  the 
waters  could,  in  certain  places,  be  used  as  a  water  supply  without  any 
treatment. 

SCIOTO  RIVER. 
DRAINAGE   BASIN. 

The  drainage  basin  of  Scioto  River  occupies  a  long,  narrow  strip  of 
country  in  the  central  and  southern  part  of  Ohio,  extending  from  the 
I^ake  Erie  drainage  divide  on  the  north  to  the  Ohio  River  at  Ports- 
mouth on  the  south,  and  comprising  about  6,400  square  miles.  The 
source  of  the  river  is  in  Auglaize  County,  in  a  portion  of  the  drainage 
area  which  juts  westward  and  lies  north  of  the  Great  Miami  Basin. 
Thence  it  runs  in  a  generally  southerly  direction  40  miles,  to  a  point 
a  little  southwest  of  the  city  of  Marion.  The  fall  along  this  section 
is  nearly  500  feet.  Thence  its  course  is  almost  due  south.  It  passes 
through  the  city  of  Columbus,  capital  of  the  State  of  Ohio,  the  fall 
from  Marion  to  this  point  being  430  feet.  Continuing  south,  the  river 
joins  the  Ohio  at  Portsmouth,  110  miles  above  Cincinnati.  The  fall 
of  the  river  between  Columbus  and  Poi^tsmouth  averages  26  feet  per 
mile  along  the  entire  length  of  130  miles.  The  entire  course  of  the 
river,  measured  in  a  straight  line,  is  175  miles,  although  when  actually 
traversed  it  amounts  to  nearly  210  miles. 

The  tributaries  are  not  so  large  nor  so  important  in  this  drainage 
area  as  they  are  in  the  Muskingum,  by  reason  of  the  fact  that  the 
-watershed  is  somewhat  narrow.  The  most  important  tributaries  and 
the  area  drained  by  them  are  named  below. 
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Table  113. — Drahiage  area  of  Scioio  River  and  tributaries. 

Sq.milee. 

Olentangy  River  at  mouth  at  Colnmbus __ -__ 547 

Big  Walnut  Creek  at  mouth _ ---       513 

Darby  Creek  at  mouth _ 592 

North  Fork  of  Paint  Creek. 2^ 

Main  Fork  of  Paint  Creek  above  junction  with  North  Fork  .__ —       82s 

Paint  Creek  at  mouth ._ 1,088 

Scioto  River  at  southern  boundary  of  Marion  County 62S 

Scioto  River  at  Columbus,  above  junction  with  Olentangy  River 1, 139 

Scioto  River  at  Columbus,  below  junction  with  Olentangy  River 1, 6?^ 

Scioto  River  at  Circleville  and  Darby  creeks    _ _ 3, 275 

Scioto  River  at  Chillicothe _  _ 3, 923 

Scioto  River  at  mouth 6, 40(> 

The  principal  economic  valne  of  Scioto  River  lies  in  its  availability 
as  a  source  of  water  supply.  It  is  not  an  important  power  sti-eam, 
although  in  past  years  the  aggi'egate  of  power  developed  by  the 
numerous  plants  along  it  was  fairly  large,  but  on  account  of  the  flat- 
ness of  the  area  there  is  not  sufficient  opportunity  to  develop  many 
or  extensive  power  sites,  those  which  have  been  utilized  beinf^  of  the 
capacity  which  are  found  necessary  to  the  development  of  saw  and 
grist  mills  only.  The  development  of  cheaper  power  in  other  parts  of 
the  country  and  the  improvement  of  transporta^tion  facilities  have  led 
to  the  abandonment  of  a  large  number  of  the  power  privileges  afforde<l 
by  the  Scioto,  and  very  few  of  those  that  remain  are  of  much  value. 
Even  as  a  source  of  water  supply  the  opportunities  for  conservation 
are  not  all  that  could  be  desired,  for  it  is  necessary  in  some  places  to 
pump  the  water  directly  from  the  flowing  stream  into  distributing 
reservoirs,  the  storage  capacity  of  which  is  not  in  every  case  sufficient 
to  allow  the  water  to  be  properly  stored  and  purified.  This  condi- 
tion aggravates  the  dangers  due  to  polluted  river  w^ater,  for  under 
these  circumstances  pollution  becomes  more  certain  in  its  unfavorable 
effects  upon  the  water  consumer  than  it  could  be  if  a  longer  term  of 
storage  were  afforded. 

NORMAL  WATER  IN  THE  SCIOTO  BASIN. 

There  are  no  public  records  of  analyses  of  a  distinctively  normal 
water  in  the  Scioto  Basin.  The  work  of  the  Ohio  State  Board  of 
Health  has  so  far  been  confined  almost  entirely  to  the  examination  of 
polluted  streams,  and  it  is  only  from  the  series  of  analyses  made  near 
the  headwaters  of  the  rivers  and  above  the  highest  points  of  appreci- 
able sewage  pollution  that  we  are  able  to  obtain  any  ideas  concerning 
the  character  of  these  waters  in  their  normal  state.  In  the  basin  of 
tlie  Scioto  it  is  probable  that  the  analysis  affording  the  best  idea 
of  the  character  of  its  normal  water  is  that  which  has  been  made  of 
samples  collected  above  the  city  of  Kenton,  in  Harding  County.  The 
population  above  the  city  is  almost  entirely  rural,  there  being  a  few 
small  villages,  containing  from  25  to  100  inhabitants,  and  while  the 
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contamination  which  they  impart  to  the  headwaters  of  the  Scioto  is 
hardly  appreciable,  yet  it  can  not  be  said  that  the  water  which  reaches 
Kenton  is  normal.  It  is  probably  nearly  so,  and  for  all  practical  p.iir- 
I>oses  can  be  so  considered.  The  analyses  of  this  water  appear  in  the 
following  table : 

TabL£  113. — Analyses  of  toater  front  the  Scioto  River  alx)ve  Kenton, 

[Parts  per  million.] 


1 

Nitrogen  as- 

Chlorine. 

Total  residue. 

Hardness. 

« 

• 

I>ate  of  collec- 
tion. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

Nitrates. 

• 

a 
< 

Normal  hard- 
ness. 

1 

Bacteria  per  c 

1898. 

Jime  12 

4 

None. 

0. 514 

0.062   0.024 

1.50 

2.0 

730 

210 

226 

1,300 

Jrdy  16 

4 

e« 

.462 

.098     .003 

.42 

1.0 

805 

232 



480 

An^pist  25- _. 

2 

None. 

.292 

.084  '  .000 

1 

.00 

2.5 

625 

234 

130 

430 

September  25 

4 

e 

.238 

.028 

.000 

.00 

3.8 

670 

226 

122 

270 

Octoloer  23  . . 

3 

M 

.240 

.030  '  .000 

.00 

3.3 

605 

252 

112 

390 

December  1 . . 

5 
4 

M 

.638 
' .  379 

.  571      .  030 

9.38 

1.5 

1,075 
752 

104 

510 

1,900 

Average.- 

.  145     .  010 

1 

1.900 

2.3 

210 

183 

790 

rte,  earthy;  M,  musty. 
POLLUTION   IN  BASIN  OF  THE  SCIOTO. 

Kenton  is  a  city  of  0,852  inhabitants,  provided  with  s^mitary  sewers 
and  storm-water  drains.  Both  syst^jms  discharge  into  the  river.  The 
effect  upon  the  water  is  easily  appreciable  upon  examination  of  the 
following  table : 

Table  114. — Analyses  of  water  from  the  Scioto  River  below  Kenton. 

[Parts  per  million.] 


• 

1 

Nitrogen  aa— 

1 

s 

Total  resfdue. 

Hard 

< 

0 

Normal  hard-      | 
ness.               • 

• 

■ 

I>ate  of  collec- 
tion. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

'  Nitrites. 

1 

Bacteria  per  c 

1898. 

June  12 

4.5 

0.430 

0.142 

0.026 

1.60 

4.0 

710 

214 

228 

--.- 

July  16 

3.0 

1.720 

.476 

.000 

.00 

4.5 

720 

32 

5,800 

August  25 

2.0 

1.32fe 

.384 

.010 

.00 

6.5 

605 

232 

118 

2,400 

September  25- 

3.5 

.360 

.764 

.003 

.00 

12.5 

645 

238 

114 

4,200 

Octoljer  23.-- 

3.0 

.588 

2.160 

.005 

.00 

18.0 

650 

258 

114 

17,000 

December  1  . 

5.0 
3. 5 

.624 

.841 

.584 
.751 

.030 

.44 

2.0 
7.9 

975 

718 

118 

466 

173 

14,000 

Average . 

.  012 

182 

8,700 
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Continuing  down  the  Scioto  no  further  important  source  of  pollu- 
tion is  met  with  until  the  mouth  of  Little  Scioto  River  is  reached.  In 
the  drainage  area  of  this  river  is  the  city  of  Marion,  containing, 
according  to  the  Twelfth  Census,  11,862  inhabitants.  Sewer  outlets 
enter  the  river  a  short  distance  aliove  its  confluence  with  the  Scioto, 
and  there  are  published  records  of  analyses  of  the  water  from  Little 
Scioto,  above  and  below  the  sewer  outfall,  which  are  reproduced  in 
Table  115. 

Table   115. — Analyses  of  wnter  from  Little  Scioto  River  abo^e  and  belcnr  the 

Marion  seioers'  outfall. 

[Parts  per  million.] 


Nitrosren  as— 

Hardness. 

S  9 

fj 

1 

• 

^  * 

Place  of  collec- 
tion. 

.2 

bnminoid 
ammonia. 

.a 

i 

a 

1 

1 

i 

i 

i 

1 

3 

a 

"2 

1 

8 

< 

1 

^ 

s 

e 

^ 

o 

p5 

0  u  tf 

Above    Ma- 

rion  

3 

0.489 

0. 378 

0. 013 

1.25 

5. 3 

469 

204 

75 

8,200 

6 

Below    Ma- 

rion  

3 

.464 

l.fi»7 

.037 

1.31 

16.5 

553 

231 

sn 

9,500 

6 

( 

The  report  of  the  analyses  of  water  from  Little  Scioto  River,  taken 
below  the  Marion  sewer  outlets,  shows  clearly  the  foulness  of  the  con- 
tribution which  the  system  receives  from  this  tributary. 

The  next  point  of  examination  of  the  Scioto  below  the  confluence  of 
Little  Scioto  is  the  Ohio  Girls'  Industrial  Home,  which  contains  a  popu- 
lation of  over  400.  A  complete  system  of  sewers  is  here  provided,  the 
wastes  from  which  are  poured  directly  into  the  river.  Table  116 
shows  clearly  the  effects  of  this  contamination  upon  the  stream. 

Table  116. — Analyses  of  water  from  Scioto  River  above  and  helotv  tJie  OhioCHris" 

Industrial  Home. 

[Parts  per  million.] 


• 

1 

Nltrc^en  as- 

1 

i 

1 
1 

1 

Hardness. 

• 

o 

I 

■S 

i=. 

Place  of  collec- 
tion. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

1 
t 

0.176 

* 

B 

M 
< 

Normal  hard- 
ness. 

oSfe 

Above  indus- 
trial home- 

3.0 

1 

0. 334 

0.086 

0.008 

6.6 

509 

175 

123 

1,600 

3 

Belowindns- 
trial  home. 

3.0 

.320 

.103 

.009 

.206 

7.5 

507 

173 

126 

1,000 

5 

.] 
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The  next  important  center  of  pollution  is  the  city  of  Columbus, 
where  enters  Olentangy  River,  the  largest  stream  tributary  to  the 
Scioto.  Above  the  confluence  of  these  two  rivers  the  State  Board  of 
Health  has  made  three  series  of  examinations,  one  at  Wyandot  Grove, 
above  Columbus  pollution,  another  about  3  miles  below  at  Jones's 
dam,  where  the  city's  sewage  begins  to  have  effect;  and  a  third  at 
Sandusky  street  bridge,  near  the  mouth  of  the  Olentangy.  The 
results  of  this  interesting  series  of  examinations  appear  below. 

Tabla  117. — Analyses  of  vxiter  frovi  the  Scioto  River  at  Wyandot  Qrove. 

[Parts  per  million.] 


Date  of  coXhucr 
tion. 


1898. 

Jane  13 

July  17 

August  23 ..  _ 
September  33 
October  21  _  . 
December  8  _ , 

Average 


u 
o 

o 


2.0 
3.0 
2.0 
1.5 
3.0  , 
5.0  1 


O 


8« 


Nitrogen  as^ 


©.a 

"3  o 


^* 


None, 
e 
e 
e 


2.5 


0.260 
.378 
.344 
.316 
.268 
.366 


.322 


-I 


£ 


I 


0.002 
.002 


I 
t 


0.200 
.170 


.003     .030 


0.040 
.028 
.096 

.098  .002  i  .030 

.048  '  .002  I  .050 

.  100  '  020  6. 300 


.068 


.005  11.150 


4.0 
5.5 
3.8 

7.8 
7.7 
1.5 

5.0 


Hardness. 


o 


445 
500 
440 
550 
585 
467 


498 


^ 


194 
183 
172 
176 
200 
146 


178 


I. 


O 


52 

94 

88 

12B 

140 

132 

105 


o 

I 

I 


730 
910 
390 
300 
300 
3,000 


740 


a  8,  sweetish;  e,  earthy. 

Table  118. — Analyses  of  vxiter  front  Scioto  River  at  Jones's  dam. 

[Parts  i)er  million.] 


Date  of  collec- 
tion. 


1898. 
June  23  . -- 
Julyl7._.. 
Aug.  23.-. 
Sept.  23_-. 

Oct- 21 

Dec.  3 

Average 


& 


o 
O 


3 
3 
3 
3 
3 
5 


None. 
None. 

m  « 

e 

e 

e    • 


0.376 
.398 
.380 
.306 
.396 
.354 


o 
E 

h 


I 


.335 


0. 037 
.038 
.093 
.088 
.083 
.103 

.071 


f 

;ena8^ 

i 

1 

•4-1 

fi 

a 

U 

•S 

•.4 

^ 

^ 

0.002 

0.  340 

.003 

.300 

.003 

.080 

.003 

.000 

.006 

.050 

.035 

6.500 

.007 

1.20 

a 
o 


S3 

•d 

I 

3 

O 
H 


4.5 

3.8 
4.1 
7.3 
7.4 
1.7 


4.8 


455 
510 
450 
510 
454 
464 


Hardness. 


>. 

*» 


489 


194 

184 
178 
176 
193 
140 


177 


&. 


o 
SZ5 


48 
104 

80 
116 
134 
136 

101 


p. 

I 

I 


810 
400 
590 
350 
700 
3,200 


840 


a  m,  moldy;  e,  earthy. 


158 


NORMAL   AND   POLLUTED   WATEB8. 


[so.  T». 


Table  119. — Anaiytas  of  xv^iter  from  Scioto  River  at  Sandiutky  street  hridge. 

[Part«  per  million.] 


1 

6 

1 
Odor.                         ; 

1 

Nitrogen  as- 

s 

o 

1 
1 

HardiMws. 

c 

Date  of  collec- 
tion. 

» 

Albuminoid 
ammonia. 

I 

Free  ammo- 
nia. 

Nitrites. 

1 

Nitrates. 

•a 

< 

Normal  hard- 
nem. 

a. 

m 

1898. 

June  13  .... 

2.0 

None. 

0.342 

0.110 

0.007 

0.320 

7.0 

480 

190 

62 

1,470 

July  17 

3.0 

M« 

.376 

.048 

.002 

.260 

4.0 

480 

184 

92 

1,030 

Aug.  2i^  . . . . 

2.0 

M 

.394 

.200 

.015 

.070 

10.1 

445 

180 

78 

4,540 

Sept.  23.... 

2.0 

M 

.420 

.280 

.005 

.000 

11.5 

460 

152 

106 

10,800 

Oct.  21 

1.5 

d 

.392 

.086 

.004 

.040 

8.7 

525 

158 

98 

1,150 

Dec.  3 

6.0 

d 

.418 
.390 

.110 
.  139 

.025 

5. 820 

2.3 

474 
477 

144 
168 

136 
95 

10,200 

Average. 

2.5 

.010 

1.090 

7.2 

4,900 

aM,  musty;  d,  disagreeable. 
OLENTANGY  RIVER. 

The  Olentaiigy  drains  an  extremely  narrow  basin  lying  east  of  and 
running  parallel  throughout  the  greater  part  of  itj*  length  to  the 
middle  section  of  the  main  river.  It  rises  in  the  northern  x>art  of 
Morrow  County  and  flows  for  a  short  distance  northwestward  into 
Crawford  County,  passing  the  city  of  Gallon,  whence  it  takes  a  south- 
erly course,  running  within  5  miles  of  the  city  of  Marion,  and  after 
flowing  through  Delaware  County  and  past  the  city  of  Delaw^are  enters 
the  Scioto  at  Columbus. 

The  highest  point  of  pollution  on  Olentangy  River  is  Gallon,  a  city 
of  7,282  inhabitants.  The  population  above  this  city  is  sparse,  and 
the  water  in  the  river  is  therefore  nearly  normal.  The  State  Boanl 
of  Health  conducted  in  the  year  1898  a  series  of  analyses  of  the  water 
in  the  river  above  and  below  the  outlet  of  Gallon  sewers,  the  average* 
results  of  which  appear  below  in  Table  120.  As  the  analyses  indicate, 
the  effect  of  Galion  sewage  on  the  river  is  marked. 

Table  120. — AnalyscH  of  water  from  OUmtangy  River  above  and  below  Oalioii. 

[Partw  per  million.] 


Placxj  of  t;olloctioii. 


o 

.— < 

o 
O 


AboveGalion 3,5 

Below  Oalion ,    3.5 


Nitrogen  a.H- 

- 

• 

4 

• 

o 

.5g 
II 

2 

1 
g 

• 

1 

•— • 

1 

'8 

S  08 
< 

O.iTtt 

0.138 

0.(X)7 

•ft 

"A 

0.64() 

i 

4€3 

1 

M" 

j 

8.3 

|M 

1 

.994 

i.tm 

.111 

.640 

30.7 

873 

Hardnos^. 

■    1 

•M 

JQ     ■ 

1 

< 

Normal 
@             ness 

1 

»» 

450 

262 

190 

49,000 

I      I 

rf"*"  at 

r^  *?   ^ 

S  ae  &> 


5 
5 


oM,  musty. 
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The  point  of  pollution  worthy  of  consideration  next  below  Gallon  is 
Delaware,  the  largest  city  in  and  the  county  seat  of  Delaware  County. 
Many  tributaries  enter  the  river  between  these  two  cities,  so  that  the 
stream  is  many  times  larger  at  Delaware  than  it  is  40  miles  above,  at 
Gallon.  The  water  in  the  river  above  Delaware  is  markedly  improved, 
as  mi^ht  be  expected,  but  after  receiving  the  contents  of  the  city  sewers 
the  conditions  are  again  undesirable,  as  shown  in  the  following  table : 

Tablk  121. — Analysen  of  tcater  from  Olentangy  River  above,  and  below  Delaware, 

[Parts  per  million.] 


Plac^e  of  collection. 


o 
o 


Above  Dela'ware i  8.5 

BeloTv  Delaware •  8.5 


o 
O 


Nitrogen  as- 


Ma  0. 828  10.073 
M   '  .857     .118 


6 


I 


0.004 
.017 


t 

.-a 

Szi 


0.860 
.810 


o 


2.5 
14.5 


o 


406 
484 


Hardness. 


•a 

1 


I 


o 
u 

cS 


186 
188 


61 
96 


1,080 

1,130  ; 


6 
6 


aM,  mnsty. 

There  are  of  public  record  two  series  of  analyses  in  the  lower  part 
of  Olentangy  River.  The  sampling  point  at  Olentangy  Park  is  above 
the  serious  jwUution  of  Columbus,  while  the  other  is  at  Dublin  Bridge, 
in  the  city  of  Columbus,  just  above  the  confluence  of  the  Olentangy 
and  Scioto  rivers. 


Table  123. — Analyses  of  ivater  from  Oleiitangy  River  at  Olentangy  Park. 

[Parts  per  million.] 


Color. 

Odor. 

Nitrogen  as- 

- 

6 

Hardness. 

• 

Date  of  collec- 
tion. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

Nitrites. 

1 

i 

Alkalinity. 

Normal  hard- 
ness. 

o 
u 

& 

1 

1898. 

July  16 

3.0 

e« 

0.426 

0.062 

0.003 

0.240 

3.0 

390 

178 

50 

680 

Aug.  24 

2.5 

None. 

.334 

.094 

.003 

.050 

5.8 

450 

206 

74 

700 

Sept.  23  .--. 

3.0 

e 

.354 

.076 

.002 

.000 

10.2 

555 

204 

134 

400 

Oct.  21 

2.0 

e 

.286 

.072 

.005 

.120 

7.7 

620 

226 

122 

280 

Dec.  3 

5.0 

e 

.362 
.353 

.066 

.020 
.007 

4. 950 

3.0 

404 

126 

188 

98 
96 

1,800 

Average. 

3.0 

.074 

1.070 

5.9 

484 

770 

a  e,  earthy. 
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Table  123. — Analyses  of  water  of  Olentangy  River  at  Dublin  bridge,  Columbiuf. 

[Parts  per  million.] 


Date  of  collect 
tdon. 


1898. 
June  13  . 
July  17. _ 
Ang.23  . 
Sept.  23  . 
Oct.  21  . . 
Dec.3... 


Average. 


I 


2.0 
3.0 
2.0 
2.0 
1.5 
10.0 


3.4 


O 


e« 

M 

M 
M 
M 


!| 


0.294  0.066 
.388  I  .058 
.302  .096 
.  352  .  126 
.294  I  .036 
.372  i  .074 


.  334     .  076 


^nas— 

1 

1 

1 

5Z5 

1 

O.OU 

0.210 

.004 

.320 

.002 

.020 

.001 

.000 

.002 

.000 

.020 

4.800 

.007 

.890 

s 


9 


3 

O 


Hardnees. 


7i 


5.5 
3.2 
5.4 

8.5 
8.7 
3.0 


415 
360 
440 
525 
585 
387 


202 

166 
194 
192 
318 
132 


•a 

I, 

S  n 

o 


s: 
ffi 


5.7 


452  I  184 


48 
44 
73 
110 
113 
96 


1, 151) 
1,600 

2,10fl 
770 
520 

4,000 


80      1,700 


oe,  earthy;  M,  musty. 

The  analyses  in  Table  123  show  the  character  of  the  water  contrib- 
uted to  the  Scioto  system  by  its  main  tributary.  Comparison  of  the 
various  tables  of  analyses  of  the  water  of  the  Olentangy  will  show 
that  at  the  mouth  of  the  river  the  condition  of  the  water  is  far  better 
than  it  is  below  Galion,  near  it«  heiid waters.  Along  the  lower  length 
of  the  river,  however,  the  water  is  highly  polluted  and  is  unfit  for  use 
as  a  public  supply  without  purification.  The  other  values  of  the 
river  are  not  seriously  impaired,  but  as  its  resources  are  confined 
almost  entirely  to  those  of  water  supply,  there  is  little  that  remains 
as  available  assets. 

Below  the  confluence  of  the  Scioto  and  the  Olctfitangy  the  bed  of 
the  main  river  is  very  flat,  so  that  it  becomes  in  places  almost  a 
slack- water  stream.  The  storage  advantages  are  thus  increased,  and 
the  river  has  remarkable  self -purifying  powers.  Below  Columbus 
the  first  sampling  point  is  Frank  road  bridge,  which  is  situated  well 
down  toward  the  lower  part  of  the  city.  Analyses  of  the  water  taken 
at  this  point  show  the  effect  of  the  mixture  of  the  upper  Scioto  and 
Olentangy  waters  and  the  sewage  from  Columbus. 
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8 

1 

Nitrogen  »- 

6 

l>at«  of  «ll«c- 
tkm. 

f 

f 

1,1 

1 

1 
1 
1 

1 

1' 

i 
1 

1897. 
June  11  ...'. 

July  17 

AT»KUBt23-- 
September 

October  21  _ 
December  4. 

2.0 
4.0 
4.0 

3.0 
5.0 
4.0 

d" 
d 

d 
d 

d 

1.130 
.896 
1.136 

.870 
3.340 

.780 

3.823 
1.644 

3.834 

7.600 

10. 170 

.880 



D.ias 

.000 

.000 
.070 

0.030 

.000 
.000 

.000 
.000 
t.430 

16.0 
13.0 
21.0 

88.0 

41.5 
6.0 

493 
440 
530 

680 
765 

473 

338 
183 
356 

830 
346 
160 

86 
84 
94 

113 
92 
134 

6,000 
64,000 
195,000 

250,000 
183,000 
135,000 

A-Terage  . 

4.0 

1.183 

4.406 

.043 

.74 

22.7 

563 

353 

100 

140,000 

od,  dbagreeable;  o,  oily. 

Seven  miles  below  Frank  road  bridge  is  Shadeville  bridge,  at  which 
n  serieH  of  analyses  was  made,  the  average  results  of  which  are  repro- 
duced in  the  table  below: 

TabIiE  135. — Analyses  of  toaterfrom  the  Scioto  River  at  Shadeville  bridge. 
[PturU  per  mUllon.] 


. 

""•^•■^  ^Ff^|ng 

PUce  of  TOltec- 
tion. 

rHiii.^3@ 

Shadeville 
bridge 

8.0 

1 

O.aoa   8.353 

Circleville  is  a  village  of  G,991  inhabitants,  Mituated  near  the  central 
p»rt  of  Pickaway  County,  about  30  miles  below  Columbus.  A  series 
of  examination.s  made  of  the  river  water  taken  at  Main  street  bridge 
has  been  made  by  the  State  IJoard  of  Health,  the  reports  of  which  are 
set  forth  in  Table  126. 


IBR79— 03- 
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Tablk  126. — Analyses  of  water  from  the  Scioto  River  at  CirdemUe^ 

[Parts  per  million.] 


CJolor. 

• 

Nltroipen  as— 

j 

• 

1 
1 

Hardnen. 

• 

Date  of  collec- 
tion. 

•d 

h 

0.660 
.378 
.320 
.814 
.424 

.419 

■ 

0 

1 

h 

0.118 

.a52 

.210 
.534 
.344 

i 

0.030 
.023 
.007 
.045 
.050 

.031 

1 

}Z5 

• 

1? 

■i 

as 

1 

cJ 

u 

1 

1897. 

Jidy22 

Ang.  26 

Sept.  27._.. 

Oct.  25 

Dec.  4 

10.0 
2.0 
1.5 
2.5 
5.0 

ea 

e 

M 
M 

1.13 
.16 

.13 
2.68 

.82 

1.7 

5.5 

11.7 

11.2 

2.5 

6.5 

285 
395 
400 
435 
393 

382 

114 
228 
242 
282 

144 

54 
20 

28 
28 
76 

14,000 

600 

500 

800 

3,500 

Average. 

4.0 

.312 

202 

41   '     3,900 

ae,  earthy;  M,  musty. 

It  will  be  seen  that  the  water  at  Circle ville  has  been  purified  to  a 
considerable  extent  in  its  course  from  Columbus  down.  Free  ammonia, 
nitrites,  and  chlorine,  the  standard  indicators  of  sewage  pollution 
in  water,  are  very  much  reduced,  and  the  analyses  at  the  lower  point 
indicate  better  condition s- 

The  only  important  point  of  pollution  below  Circleville  is  the  city 
of  Chillicothe,  containing  12,975  inhabitants.  No  analyses  of  water 
taken  below  this  place  are  recorded.  Sixty  miles  below  Chillicothe 
the  river  enters  the  Ohio  at  Portsmouth. 

Little  remains  to  be  said  concerning  the  Scioto.  The  conditions  of 
the  river  are  wholly  favorable  to  the  purification  of  foreign  matters 
that  are  poured  into  it,  but  the  raw  sewage  it  receives  from  the  various 
cities  constitutes  a  source  of  contamination  that  can  not  be  overcome. 
The  river  is  little  more  than  a  dumping  ground  for  refuse,  and  its 
misuse  affords  a  good  example  of  the  wanton  destruction  of  a  valuable 
resource;  but  the  work  of  the  State  Board  of  Health  of  Ohio  bids  fair 
to  be  fruitful,  so  that  we  may  confidently  expect  great  improv^ements 
in  sanitation  in  the  Scioto  Valley. 

OHIO  RIVER  AT  CINCINNATI. 

On  Ohio  River,  below  the  mouth  of  the  Scioto,  a  series  of  notable 
investigations  has  been  made  by  Mr.  George  W.  Fuller,  following  his 
work  on  the  water  supplies  of  Louisville  and  Cincinnati,  and  the 
reports  of  these  inquiries  are  probably  the  ablest  that  have  been  pre- 
sented on  the  subject  in  this  country.  The  Cincinnati  report,  in  a 
concise,  definite,  and  methodical  manner,  gives  just  the  facts  neces- 
sarv  to  the  discussion,  and  shows  the  character  of  the  water  of  the 
Ohio  as  it  comes  down  to  Cincinnati,  bearing  traces  of  all  the  pollu- 
tion heretofore  considered,  as  well  as  a  large  amount  derived  from 
tributaries  that  have  not  yet  been  investigated,  or  the  investigations 
of  which  are  not  of  public  record.     Therefore  one  can  arrive  at  an 
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tinderstanding  of  the  character  of  the  Ohio  River  at  this  point  no 
l>etter  than  by  consulting  the  above-mentioned  report,  parts  of  which 
&re,  for  convenience,  here  reproduced. « 

^t  the  outset  it  is  imperative,  for  a  clear  nnderstanding  of  this  report,  that 
there  should  he  fixed  in  mind  the  two  most  characteristic  features  of  the  local 
river  water,  as  follows: 

1 .  The  wide  range  in  the  amount  of  suspended  matter  present  in  the  water. 

2.  The  great  variations  in  the  nature  of  the  suspended  matter,  and  especially  in 
tlie  size  of  the  particles. 

A.  comprehensive  idea  of  the  amounts  of  suspended  matter  found  at  different 
times  in  this  water  during  the  year  1898  is  shown  in  the  following  summary: 

Tablip  127. — Turbidity  of  Ohio  River  tvater, 

[Parts  per  million.] 


D^nmber  of  days. 

1888. 

__ . 

Correspond-  i 
ing  range  of 
suspended 
matter. 

29. 
5- 
1. 

NumlH3r  of  days,  1888. 

Correspond- 
ing range  of 
suspended 
matter. 

0    -    

11-  50  ; 

51-100 
101-250  ! 
251-500 

501-1,000 

41 

1,001-2,000 

63         - 

W 

Average 

127       --      -   --- 

280 

99       

aLem  tha 

nlO. 

ft  Over  2,000. 

Tlie  great  variation  in  the  character  and  size  of  the  suspended  matters  is  best 
illustrated  by  the  following  table,  in  which  there  is  indicated  the  different 
hydraulic  subsiding  values  (or  sizes)  of  two  extreme  types  of  the  river  water. 
Ty-pe  I  is  characteristic  of  the  water  during  the  early  portion  of  a  heavy  freshet* 
^w^hen  it  is  heavily  laden  with  silt  and  fairly  coarse  clay,  and  Tyi)e  II  is  represent- 
ative of  the  water  during  later  portions  of  rises,  while  it  is  charged  to  a  greater 
relative  degree  with  very  fine,  minute  particles  of  clay. 

Tabl£  128. — Periods  of  subsidence  necessary  with  water  from  Ohio  River  at 

LouimrUle,  Ky, 


Period  of  subsidence  (hours). 


!    Suspended  matter  in 
I       parts  per  million. 


Per  cent  removed. 


0 


3 
6 
12 
34 
48 
72 
96 


rpel. 

Typell. 

2,333 

205 

932 

81 

653 

80 

396 

79 

a50 

73 

300 

61 

259 

44 

210 

36 

186 

31 

rypel. 

Type  II. 

0 

0 

60 

55 

72 

56 

83 

56 

85 

58 

87 

63 

89 

67 

91 

70 

92 

72 

Bet^veen  Types  I  and  II  there  are  found  in  the  course  of  a  year  an  almost  end- 
less -nixmber  of  intermediate  combinations. 

The  direct  causes  of  these  variations  in  the  Ohio  River  water  are  the  rises  or 
freshets  which  are  so  characteristic  of  this  stream.    Indirectly  there  are  a  number 

a  Report  on  investigationB  into  the  purification  of  the  Ohio  River  water,  1890,  p.  9  et  seq. 
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of  factors  which  exert  much  inflTience.  Among  them  are  the  amonnt,  rate,  distri- 
bution, and  frequency  of  the  rainfall  in  the  valley,  and  also  the  surface  geology, 
topography,  area,  and  length  of  the  watershed,  and  the  condition  of  the  soil  at  the 
time  of  heavy  rains.  To  solve  the  problem  of  establishing  the  relation  between 
the  composition  of  this  river  water  and  the  factors  affecting  it  is  a  complex  matter; 
and  so  far  as  our  knowledge  goes  there  are  available  no  adequate  data  for  the  pur- 
pose, nor  are  such  data  being  obtained. 

The  watershed  of  the  Ohio  River  above  the  intake  of  the  new  Cincinnati  water- 
works at  California  has  an  area  of  about  70,600  square  miles.  This  area  indndes 
portions  of  the  States  of  Ohio,  New  York,  Pennsylvania,  Virginia,  North  Caro- 
lina, West  Virginia,  and  Kentucky. 

Above  the  intake  of  the  Front  street  pumping  station  (used  during  these  tests) 
the  area  of  the  watershed  is  estimated  at  72,400  square  miles.  In  addition  to  the 
area  at  the  new  intake  the  last  area  includes  that  of  the  watershed  of  the  Little 
Miami  River,  and  that  of  the  Ohio  River  itself  between  the  Little  Miami  and  the 
Front  street  intake,  a  distance  of  about  6  miles. 

About  half  a  mile  downstream  from  the  Front  street  intake  the  Licking  River 
empties  into  the  Ohio  River  on  the  Kentucky  side.  At  this  point  the  normal 
width  of  the  river  is  about  1 .000  feet.  The  Front  street  intake  is  situated  about 
200  feet  from  the  Ohio  shore,  and  in  a  straight  line  is  distant  about  4,000  feet  from 
the  mouth  of  the  Licking.  Under  some  conditions  of  river  stages  and  of  wind- 
storms the  waters  of  the  Licking  reach  the  Front  street  intake. 

The  Licking  River  has  a  watershed  of  about  8,300  square  miles.  Adding  this 
to  the  above,  there  is  obtained  75,700  square  miles  as  a  total  area  of  the  water- 
shed of  the  Ohio  River  above  the  present  intake  opposite  the  city. 

Table  129. — Table  slwwing  the  monthly  rainfall  in  inches  at  various  stations  in 

the  Ohio  River  Valley  for  the  year  1898, 


Station. 


Cinciimati,  Ohio . . 

Portemonth,  Ohio 

Catlettsbnrg.Ky . 

Point  Pleasant, 
W.Va 


Jan 


Feb. 


Parkersburg,  W. 
Va 


Marietta,  Ohio 

Wheeling,  W.Va. 

Pittsburg,  Pa 

Oil  City,  Pa 


7.76 

10.08 

8.05 

8.04 

5.7:i 
5.74 
4.79 
3.40 
5.:i2 


2.?i 
1.60 
2.48 

1.98 

2.24 
2.99 
2.50 

i.eo 

2.53 


Mar. 

Apr. 

May. 

6.70 

1.15 

3.aj 

5.14 

2.06 

3.53 

6.03 

2.19 

4.83 

5.81 

1.48 

3.51 

5.43 

2.17 

2.76 

6.03 

2.;*) 

2.  n 

5.15 

3.72 

3.63 

5.45 

i.eo 

3.99 

5.74 

2.13 

4,64 

June.lJuly. 


1.58 
3.13 
4.52 

2.87 

4.98 
5.04 
2.98 
3.98 
4.56 


Aug. 


Sept. 


3.26 
5.27 
4.84 

2.79 

4.38 
5.20 
5.81 
2.56 
4.45 


I 


2.61 
6.92 
6.03 

6.40 

4.66 
5.31 
7.82 
4.01 
6.73 


2.62 
1.97 
2.10 

2.07 

2.09 
3.60 
3.24 
1.06 
2.11 


Oct. 


2.90 
a59 
4.14 

3.15 

3.90 
4.24 
3.87 
a85 
5.18 


Nov. 

2.60 
2.54 
2.65 


Dec. .  Total. 


2.46 
2.7B 
2.83 


3S.9T 

48.63 

'    aGt49 


2.67     2.57  i     4a2B 


2.50 
3.15 
2.66 
2.34 
4.33 


2.16 
2.21 

ao3 

1.90 
2.90 


43.  <l) 
48.00 
48.98 
35.74 
50.62 


Table  130. — Table  showing  the  normal  monthly 

statioms  in  the  Ohio  River 


rainfall  in  inches  at  various 
Valley. 


Station. 


Cincinnati,  Ohio . . 

Portsmouth,  Ohio 

Catlettsburg,  Ky . 

Point  pleasant, 
W.Va 

Marietta,  Ohio.... 

Parkersburg,  W. 
Va 

Wheeling,  W.  Va - 

Pittsburg,  Pa 

OilCity,Pa 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

3.5 

3.7 

3.3 

3.2 

3.4 

3.5 

3.2 

3.5 

3.2 

3.5 

4.3 

4.0 

4.2 

3.2 

4.0 

3.5 

4.1 

3.9 

3.7 

3.5 

3.1 

3.1 

3.2 

3.3 

3.9 

3.0 

3.8 

3.0 

3.2 

3.5 

3.4 

3.1 

2.6 

2.8 

4.1 

2.6 

2.5 

2.8 

3.0 

3.5 

3.3 

3.6 

2.8 

2.7 

3.9 

June.  July,  i  Aug. 


I 
Sept.  Oct. 


4.4 

3.4 

3.7 

2.4 

4.0 

3.9 

3.4 

2.8 

3.8 

4.4 

3.6 

2.9 

4.2 

4.4 

4.0 

2.4 

4.1 

4.4 

3.9 

3.1 

4.0 

4.4 

3.8 

3.1 

3.7 

3.7 

4.1 

2.8 

3.6  1    4.0 
4.6  i    3.6 


3,4 
2.7 


2.9 
3.4 


2.4 

2.8 
2.7 

2.4 

3.1 

2.8 
2.6 
2.8 
2.6 


Nov.    Dec. ,  TotaL 


3.3 
2.0 
3.5 

3.1 
3.1 

2.8 
2.7 
2.6 
8.2 


3.2 
8.5 
2.9 

2.7 
3.4 

2.3 

3.0 
2.9 
2.8 


I 


39.9 
40.  S 
43.5 

41.9 
41.7 

40.1 
38.6 

;«.6 

o 
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COMPAKISON  OF  THE  FREQUENCY,  INTENSITY,  AND  DURATION  OF  RISES  OR  FLOODS 
IN  THE  OHIO  RIVER  AT  CINCINNATI  DURING  1898  WITH  THE  NORMAL.. 

This  subject  is  one  of  great  importance  from  a  practical  standi)omt,  because  it 
deaJB  with  factors  which  directly  produce  the  large  quantities  of  and  variations  in 
the  matters  susx)ended  in  the  river  water.  In  view  of  the  fact  that  these  sus- 
pended matters  are  a  point  of  vital  significance  in  connection  with  the  construc- 
tion of  an  applicable  system  of  clarification  and  purification,  and  also  in  the 
efficiency  and  economy  of  its  operation,  it  is  necessary  to  know,  at  least  in  general 
terms,  how  nearly  normal  was  the  suspended  matter  during  these  tests,  and 
further,  it  would  be  very  desirable  to  be  able  to  foretell  the  conditions  with  regard 
to  the  suspended  matters  due  to  rises,  as  an  aid  in  the  operation  of  a  plant. 

To  accomphsh  these  purposes  involves  a  study  of  the  frequency,  intensity,  and 
duration  of  the  rises  in  the  river.  It  is  an  easy  matter  to  deal  with  the  first  of 
these  factors,  except  when  the  rises  overlap  each  other;  but  to  establish  a  relation 
between  suspended  matter,  both  in  amount  and  character  and  the  intensity  and 
duration  of  rises,  is  a  very  difficult  and  x)erplezing  problem.  At  the  beginning  of 
a  freshet  the  rapidity  with  which  the  water  rises  seems  to  be  a  great  factor,  and 
the  more  rapid  is  the  rise  the  greater  is  the  amount  of  suspended  matter  and  also 
the  percentage  of  silt.  When  the  rise  is  of  a  long  duration  it  is  found  that,  with 
the  waters  coming  from  the  head  of  the  valley,  the  weight  of  suspended  matters 
gradually  decreases,  but  the  percentage  of  clay  steadily  increases,  owing  to  the 
deposition  of  silt  in  the  stream  itself. 

Just  how  it  is  best  to  arrange  the  available  data  to  throw  light  upon  these 
points  is  not  wholly  clear  to  us,  since  all  efforts  in  this  direction  are  wholly  arbi- 
trary and  of  necessity  incomplete.  However,  it  is  believed  that  a  comx>arison  of 
the  intensity  and  number  of  rises  in  the  river  with  the  rises  for  the  past  ten  years 
will  give  as  good  a  comparison  for  this  purx)ose  as  can  be  obtained.  In  the  follow- 
ing table,  therefore,  are  given  the  nximber  of  days  on  which  the  river  was  rising 
moderately,  rapidly,  very  rapidly,  and  when  there  was  developing  an  extreme 
freshet: 

Tablb  131. — Nuviber  of  days  in  the  year  on  which  the  Ohio  River  was  rising  at 

vaHous  rates  during  the  last  ten  years. 


Bate  of  rifle  in  feet  i)er  day. 


1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 


Year. 

1.0-2.9. 

3.0-6.9. 

8.0-11.9. 

Over  12. 

66 
63 
44 
33 
34 
24 
26 
47 
45 
54 

44.6 

12 
31 
24 
10 
23 
8 
11 
24 
21 
25 

3 

4 
4 
5 
2 
4 
5 
2 
2 

i 

0 

0 

. 

0 

1 
0 

0 

1 

0 

1 

—    _   _  -  -  .  - 

0 

A  veraee - 

18.9 

3.6 

0.3 
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Table  132. — Summary  of  amounts  of  the  several  constituents  found  in  teaterof 

Ohio  River  during  the  year  1898, 


Parts  per  million. 


Constituent. 


Total  suspended  matter. 

Suspended  organic  matter  (nitrogen  as  al 
buminoid  ammonia) 

Total  dissolved  residue  _ .  _ 

Total  nitrogenous  organic  matter  _ 

Nitrogen  as  free  ammonia 

Nitrogen  as  nitrites 

Nitrogen  as  nitrates _ 

Chlorine 

Sulphuric  acid 

Normal  hardness 

Alkalinity 

Microscopic  organisms   per   cubic  centi 
meter 

Carbonic  acid 

Bacteria  per  cubic  centimeter 


Maxlmnm. 

Minimmn. 

Normal. 

2,333.0 

24.0 

230.0 

0. 758 

0.022 

0.200 

223.0 

67.0 

130.0 

0.868 

0.106 

0.290 

0.074 

0.008 

0.035 

0.030 

0.000 

0.003 

1.34 

0.37 

0.60 

44.0 

8.0 

10.0 

46.0 

18.0 

24.0 

57.0 

11.0 

S3.0 

70.0 

20.0 

45.0 

40.0 

47.0 
150,000 


6.0 
1,000 


26.0 
20,000 


I 


Odor, — The  river  water  ordinarily  has  a  slight  odor  characteristic  of  sorface 
waters,  the  nature  and  intensity  of  which  are  somewhat  variable.  At  different 
times  the  odor  is  musty,  aromatic,  resinous,  and  vegetable.  The  latter  is  most 
noticeable  after  heavy  rains  during  the  warm  portions  of  the  year.  These  odors 
become  more  pronounced  upon  heating  the  water,  but,  so  far  as  noted  daring 
these  tests,  there  is  a  practically  complete  absence  of  disag^^eeable  or  objection- 
able odors. 

Color, — Independent  of  the  suspended  matter  in  it  the  normal  river  Tvater  is 
practically  colorless,  although  in  absolute  terms  it  contains  a  small  but  measur- 
able amount  of  color.  It  seems  quite  probable  that,  at  times  following  (pertain 
kinds  of  rises  in  the  river,  there  is  an  appreciably  larger  amount  of  dissolved 
color  in  the  water  than  is  normally  the  case;  but  experience  shows  that  ordina- 
rily it  is  easier  to  remove  the  unusual  amounts  of  dissolved  color  than  is  the  case 
with  the  finest  particles  of  suspended  clay.  After  passage  through  a  Pasteur 
filter  or  a  fine  paper  filter  the  water  contains  no  color  which  is  ordinarily  visible. 

Taste, — Ordinarily  the  river  water  has  an  earthy  taste,  which,  however,  does 
not  become  disagreeable  except  at  times  of  great  turbidity.  Freed  of  ^  its  sns- 
pended  matter,  this  water  has  a  very  satisfactory  and  agreeable  taste. 

Appearance, — The  turbidity  of  the  river  water  is  such  that  its  appearance  is 
almost  always  unsatisfactory  and  uninviting,  and  for  about  half  of  the  time  it  is 
so  turbid  that  it  is  repulsive  when  considered  for  domestic  use. 

Weight  of  suspended  matters. — When  expressed  in  parts  by  weight  per  million 
parts  of  water  by  volume,  the  susx)ended  matters  in  this  water  normally  range 
from  20  to  2,500  and  average  about  230  parts. 


i^noHTON.]  OHIO   "RIVER  BASIN.  167 

Character  of  stuipended  matters. — In  character  as  well  as  in  amonnt  of  sus- 
pended matter  the  river  water  possesses  a  wide  and  rapidly  changing  degree  of 
Tariability.  The  water  in  the  conrse  of  the  year  contains  an  almost  endless  com- 
bination of  varying  proportions  of  fine  sand  made  np  of  particles  of  qnartz  and 
hard  silicates,  with  high  specific  gravity  and  a  diameter  larger  than  0.002  inch; 
of  silt  with  its  intermediate  size,  specific  gravity,  and  composition;  and  of  very 
fine  clay  particles  of  alnminnm  silicate,  with  varying  degrees  of  hydration,  of 
low  specific  gravity,  and  of  a  size  ranging  from  0.0002  inch  to  less  than  0.00001 
inch. 

Amount  of  organic  matter. — The  organic  matter  in  the  river  water  ranges  from 
an  amotint  which  is  fairly  normal  for  Eastern  waters  to  quantities  (dnring  rises) 
which  are  excessive,  as  jndged  by  the  data  for  many  years  collected  from  rivers 
not  located  in  this  general  section  of  the  country.  The  local  data  summarized 
above  are  a  striking  proof  of  the  fact  that  it  is  not  the  amount  but  the  character 
of  the  organic  matter  which  is  of  importance  from  a  sanitary  standpoint. 

Character  and  stability  of  organic  matter. — From  the  immediately  adjoining 
portion  of  the  watershed  there  is  quite  an  amount  of  sewage  i)ollution.  Owing  to 
the  larg^  dilution,  the  deleterious  effect  of  this  is  greatly  attenuated.  By  no 
means  is  it  eliminated  at  times  of  comparatively  clear  water,  but  during  rises  this 
crude  organic  matter  to  a  considerable  degree  seems  to  be  united  and  attached  to 
particles  of  suspended  matter,  and  thus  carried  to  the  bottom. 

The  consequence  of  this  dilution  and  sedimentation  is  that  the  water  contains 
very  little  organic  matter,  except  that  of  a  fairly  stable  character  coming  from 
the  washings  of  the  surface  of  the  earth.  With  water  taken  from  the  new  intake, 
above  the  local  sources  of  pollution,  this  will  be  true  to  a. still  greater  degree. 

Alkalinity. — The  alkalinity  is  caused  by  the  carbonates  and  bicarbonates  of 
lime  and  magnesia,  and  in  a  measure  corresponds  to  temporary  hardness  (bicar- 
bonates) .  It  is  the  alkalinity  which  measures  the  capacity  of  the  water  to  decom- 
pose sulphate  of  alumina  and  other  coagulating  salts.  This  water  contains  an 
average  and  minimum  alkalinity  of  45  and  20  parts  "ger  million,  respectively.  By 
these  amounts  of  alkalinity  there  can  be  decomposed,  respectively,  about  6.5  and 
3  grains  per  gallon  of  sulphate  of  alumina  of  ordinary  composition,  assisted  by  the 
average  absorption  of  chemical  by  the  suspended  matters  in  the  water. 

Incrusting  constitiients. — Those  constituents  of  water  which  produce  incrusta- 
tions in  steam  boilers  comprise  the  sulphates,  chlorides,  and  perhaps  nitrates  of 
lime  and  magnesia.  In  this  water  they  are  present  (on  an  average  of  33  i)arts  per 
million)  to  a  degree  greater  than  in  most  of  the  Eastern  waters,  but  smaller  than 
in  the  waters  farther  west.  On  the  whole,  this  water  is  a  good  one  for  boiler  pur- 
poses, so  far  as  incrusting  constituents  are  concerned. 

Oaseaus  constituents. — ^Atmospheric  oxygen  is  apparently  present  in  this  water 
daring  cold  weather  to  about  the  limit  of  saturation,  and  during  the  warm  season 
there  is  contained  in  the  water  rather  more  oxygen  than  is  the  case  with  some 
surface  waters,  although  the  quantity  at  times  becomes  only  about  40  per  cent  of 
that  fonnd  during  the  winter.  Carbonic  acid  (carbon  dioxide)  is  present  in  this 
water  to  a  degree  which  is  api>arently  high,  according  to  the  limited  data  avail- 
able from  Eastern  sources,  but  much  lower  than  is  the  case  with  waters  farther 
west  coming  from  limestone  regions. 

Taking  together  atmospheric  oxygen  and  the  carbonic  acid,  they  make  the  nat- 
ural conditions  quite  favorable  for  the  corrosion  of  unprotected  iron  receptacles, 
but  the  corrosion  of  lead  pipes  is  promptly  arrested  by  the  action  of  dissolved  con- 
stituents of  the  water  itself. 

Numbers  atid  kinds  of  bacteria. — On  an  average  the  numbers  of  bacteria  in  the 
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river  water  (about  20,000  per  cubic  centimeter)  are  rather  higher  than  in  the  ordi- 
nary river  water.  The  range  is  also  very  great,  1,000  to  150,000,  and  is  associated 
very  intimately  with  the  rises  of  the  river. 

At  the  present  point  of  intake,  opposite  the  city,  a  considerable  number  of  the 
bacteria  are  of  sewage  origin.  These  sewage  bacteria  will  be  largely  absent 
apparently  in  the  water  taken  from  the  new  intake  at  California. 

Microscopic  organisms, — The  turbidity  of  the  Ohio  River  water  ivas  so  great 
during  the  larger  part  of  the  year  1898  that  the  sunlight  was  excluded  to  a  degree 
practically  inhibiting  the  growth  of  algsB  and  similar  micro-organisms.  When 
the  river  water  was  low  and  fairly  clear  these  organisms  were  present  in  consider- 
able numbers,  but  did  not  become  of  practical  significance.  The  dissolved  con- 
stituents (such  as  nitrates)  in  the  river  water,  and  especially  at  times  of  low  water, 
are  well  adapted,  however,  as  a  food  for  the  organisms  which  also  require  sun- 
light for  their  development. 


Table  133. — Suspended  matter  in  water  of  Ohio  River  at  Cincinnati  from  January 
10  to  March  SS,  1898,  vnth  corresponding  stages  of  height  of  river  in  feet. 

[In  parts  per  million.] 


Date. 

Stage  of 
river. 

Sus- 
pended 
matter. 

1 

1       Date. 

1 

Stage  of 
river. 

Sus- 
Iiended 
matter. 

Date. 

stage  of 
rirer. 

8as- 
pe^nded 
matter. 

Jan.      10 

33.0 

2,333 

Feb.      3 

25.0 

372 

Feb.    24 

33.0 

221 

11 

32.2 

1,151 

4 

21.5 

184 

25 

33.2 

333 

12 

35.4 

1,024 

5 

18.7 

134 

26 

32.4 

170 

13 

38.0 

719 

6 

16.5 

113 

27 

30.7 

123 

14 

578 

7 

14.7 

108 

28 

28.0 

141 

15 

39.7 

470 

8 

14.0 

96 

Mar.     1 

25.0 

150 

16 

42.5 

433 

9 

13.4 

■  88 

2 

27.6 

43 

17 

44.3 

416 

10 

13.0 

172 

4 

18.7 

125 

19 

44.5 

308 

11 

13.7 

237 

5 

17.5 

114 

21 

45.5 

358 

12 

16.2 

401 

8 

15.4 

57 

22 

44.4 

285 

13 

17.3 

377 

12 

16.3 

393 

23 

49.7 

401 

14 

19.5 

182 

15 

17.6 

102 

24 

50.4 

535 

15 

23.5 

425 

16 

19.0 

174 

25 

51.3 

522 

16 

27.6 

262 

17 

22.6 

406 

26 

52.2 

601 

17 

30.0 

246 

18 

25.2 

mi 

27 

51.2 

533 

18 

31.4 

236 

19 

28.6 

300 

28 

49.3 

292 

19 

30.7 

192 

21 

41.0 

7«2 

29 

47.1 

269 

20 

31.1 

413 

22 

42.3 

479 

30 

43.5 

207 

21 

30.5 

293 

23 

46.7 

476 

31 

39.1 

57 

WW 

30.6 

149 

Feb.      2 

29.5 

248 

Feb.    23 

30.6 

310 

; 

Of  great  importance  as  evidence  of  sewage  pollution  w^ere  the  tests 
for  Bacillus  coll  communis,  which,  as  stated  in  previous  pages,  is  an 
intestinal  parasite.     Mr.  Fuller  found  that  there  was  little  room  for 
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clonbt  that  this  germ  was  constantly  present  in  the  river  water.     He 
states: 

From  the  evidence  at  hand  it  is  probable  that,  by  taking  2  cubic  centimeters 
for  each  test,  this  germ  would  be  found  practically  without  exception.  Upon 
taking  1  cubic  centimeter  for  each  test  the  identity  of  this  bacillus  was  estab- 
lished in  GO  x)er  cent  of  the  samples  as  shown  by  the  results  of  tests,  as  follows: 

Tablr  134. — Result  of  tests  (positive  and  negative)  for  Bacillus  coli  communis  in 

Ohio  River  water  at  Cincinnati, 


Date. 

Resalt. 

Date. 

Result. 

Date. 

1 

Result. 

Date. 

Result. 

1898. 

1898. 

1898. 

1898. 

Mar.       24 

— 

May      2 

+ 

June      7 

4- 

1 

Aug.      1 

25 

3 

-f- 

9 

3 

26 

— 

5 

+ 

10 

3 

4- 

29 

+ 

6 

+ 

13 

— 

5 

-f 

31 

• 

+ 

7 

— 

15 

6 

4- 

Apr.          1 

8 

— 

16 

+ 

7 

4- 

2 

— 

9 

+ 

18 

— 

9 

— 

3 

— 

10 

+ 

19 

-f- 

10 

4- 

4 

11 

+ 

20 

+    • 

12 

4- 

5 

4- 

12 

+ 

24 

+ 

•13 

-- 

6 

+ 

13 

— 

25 

+ 

15 

1 

4- 

t 

14 

+ 

28 

+ 

16 

1 

-i- 

8 

+ 

16 

-f 

29 

1               18 

4- 

9 

4- 

17 

+ 

30 

_.- 

19 

4- 

1 

10 

18 

— 

!  July       1 

+ 

20 

+ 

11 

19 

+ 

!                2 

+ 

1               22 

12 

_      1 

20 

'                 4 

+ 

23 

13 

1 
-f 

21 

— 

+ 

24 

4- 

14 

22 

8 

+ 

27 

4- 

15 

+ 

23 

+ 

9 

-f 

30 

16 

+ 

24 

+ 

i           10 

4- 

31 

4- 

17 

— 

25 

13 

+ 

Sept.      2 

4- 

18 

+ 

26 

-h 

14 

t 
1 

3 

4 

20 

+  " 

27 

+ 

16 

+ 

5 

21 

— 

28 

-f 

18 

+ 

9 

.... 

22 

+ 

29 

19 

-4- 

10 

- 

23 

-r 

30 

20 

-f 

13 

_.- 

25 

+ 

31 

-h 

22 

— 

14 

— 

26 

— 

June      1 

93 

+     : 

15 

.... 

27 

— 

2 

25 

1 

16 

4- 

28 

— 

3 

4- 

27 

17 

4- 

29 

+ 

4 

28 

1 

-f 

18 

30 

+ 

6 

-} 

i               29 

+ 

21 

— 
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Table  184. — Result  of  testa  (positive  and  negative)  for  BaeUlus  coli  eofnmunia  in 

Ohio  River  water  at  Cincinnati — ^Ckmtinned. 


Date. 

Result. 

Date. 

Resalt. 

Date. 

Result. 

Date. 

'   Result. 

1898. 

1898. 

1898. 

1898. 

gept.      22 

4- 

Oct.      15 

+ 

Nov.      7 

+ 

Dec.        2 

— 

28 

-f- 

17 

- — 

8 

-f 

3 

26 

■1- 

19 

10 

—          ; 

6 

— 

27 

1 

20 

11 

i 

1 

8 

-f 

29 

-|- 

22 

12 

10 

— 

Oct.         1 

+ 

23 

16 

13 

+ 

8 

— 

24 

-f- 

17 

+ 

15 

-h 

3 

+ 

27 

+ 

19 

17 

-f 

7 

— 

28 

-f 

20 

— 

20 

+ 

9 

+ 

28 

4- 

21 

21 

+ 

10 

! 

30 

+ 

24 

24 

4- 

11 

-[- 

Nov.      1 

-f- 

26 

-1- 

27 

— 

18 

2 

+ 

28 

1 

29 

14 

4 

— 

80 

MIAMI  AND  LITTLE  MIAMI  RIVERS. 

The  important  tributaries  entering  the  Ohio  next  below  Scioto 
River  are  Miami  and  Little  Miami  rivers.  They  occupy  the  most 
elevated  portions  of  Ohio,  and  the  drainage  basin  of  the  larger  river 
ext.ends  into  Indiana.  Taken  altogether,  the  area  drained  by  the  two 
rivers  covers  6,950  square  miles,  of  wluch  5,601  lie  in  Ohio.  (See  fig.  17. ) 
The  population  in  the  basin  is  641,657,  or  about  92  per  square  mile. 
Thirty  cities  and  villages,  representing  a  population  of  242,762,  have 
water  supplies.  This  is  91  per  cent  of  the  urban  population  in  the 
river  basin  and  44  per  cent  of  the  entire  population.  Fifteen  of  the 
cities  have  been  supplied  with  sewerage  systems,  all  of  which  dis- 
charge into  the  neighboring  streams  without  previous  purification. 

LITTLE  MIAMI  RIVER. 

The  drainage  basin  of  the  Little  Miami  River  occupies  a  small, 
wedge-shaped  portion  of  the  State  of  Ohio  lying  between  the  basins 
of  the  Scioto  and  Miami  rivers  and  fronting  at  the  broad  southern 
end  on  Ohio  river.  From  its  headwaters  to  its  confluence  with  the 
Ohio  the  Little  Miami  traverses  94  miles  and  has  a  total  fall  of  696 
feet,  or  7.4  feet  per  mile.  The  tributaries  of  the  Little  Miami  are 
Caesars  Creek,  Todds  Fork,  and  the  East  Branch  of  the  Little 
Miami,  the  latter,  draining  an  area  of  475  square  miles,  being  the 
most  important. 
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Fig.  17.— Drainage  basins  of  Miami  and  Little  Miami  riyers. 
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The  drainage  area  of  the  Little  Miami  is  almost  entirely  devoted  to 
farming.  It  is  a  prosperous  country,  with  a  rural  population  of 
81,314  and  an  urban  population  of  only  39,645.  Sewage  pollution 
from  cities  is,  therefore,  not  so  important  here  as  in  other  areas  which 
have  been  studied ;  but  the  run-off  water  from  highly  fertilized  fields 
shows  on  analysis  a  large  proportion  of  organic  constituents  which, 
if  int«rpret,ed  from  the  analysis  alone,  without  special  acquaintance 
with  the  origin  of  the  water,  would  perhaps  indicate  a  high  degree 
of  sewage  pollution. 

At  the  headwaters  of  the  river,  in  Clarke  County,  the  first  impor- 
tant settlement  is  South  Charleston,  which  has  a  population  of  1,096. 
There  are  three  short  sewers  in  the  village,  and  the  water  supply  is 
from  private  wells  15  to  20  feet  deep.  South  Charleston  can  there- 
fore be  considered  the  head  of  pollution  upon  Little  Miami  River. 
Above  this  place  the  waters  are  probably  free  from  specific  sewage 
contamination.  Analyses  show,  however,  that  the  organic  matter  is 
extremely  high,  due  undoubtedly  to  the  run-off  from  manured  fields 
and  rank  decay  of  vegetable  growths. 

Table  135. — Analyses  of  tvater  from  Little  Miami  River  above  South  ChaHextoJU 

[Parts  per  million.] 


Date 
of  col- 
lection. 


1901. 
Mas'  2K 
JnneS6 
July  17 
Ang.20 
Oct.  18 
Nov.    7 


Nitrogen  as— 

1 

•d 

4 

Eh 

5 

• 

i 

1-1 
1 

0.200 

0.138 

1 

i 
1 

1.24 

• 

o 

o 

! 
1 

47 

m 

e« 

0.042 

354 

144 

40 

V 

.442 

.262 

.090 

.66 

390 

D» 

30 

V 

.522 

.290 

.022 

.06 

1.6 

438 

lao 

30 

e 

.540 

.156 

.018 

0.0 

348 

05 

23 

V 

.242 

.080 

.013 

.000 

0.0 

362 

KK) 

29 

V 

.356 

.112 

.018 

.000 

4.0 

423 

Hardness. 


225. 8 
239.4 
290.2 
221.8 
283.2 
206.2 


O  c« 


06.0 
39.8 
7.4 
96.2  , 
00. 0 
00.0 


-I 


3,800 
2,200 
S,8U0 
2,800 
3,400 
3,000 


^  o 


Inckef. 

Ol« 

.m 

.74 

1.S9 

.08 

.23 


ae,  earthy;  v,  vegetable. 


The  analyses  set  forth  in  the  above  table  indicate  a  water  of  com- 
paratively high  organic  content.  The  testimony  of  the  free  ammonia 
and  nitrite  determinations  would  seem  to  indicate  a  fairly  high  degree* 
of  sewage  pollution,  but  this  is  not  borne  out  by  the  remainder  of  the 
analytical  statement.  The  water  can  not  be  regarded  in  any  sense  as 
normal,  but  it  is  probably  free  from  dangerous  impurities. 

Below  South  Charleston,  on  Little  Miami  River,  are  Clifton  and 
Yellow  Springs,  with  populations  of  262  and  1,371,  respectively,  pro- 
ducing no  appreciable  contamination  of  the  surface  drainage. 

On  Massicks  Creek,  which  enters  the  Little  Miami  just  above  Xenia, 
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are  situated  Cedarville  and  Wilberforce  College.  At  the  former  place 
a  strawl>oard  works  contributes  the  usual  amount  of  deleterious  mat- 
ter, while  at  the  college  a  part  of  the  plumbing  system  is  connected 
with  the  creek. 

The  water  which  comes  down  to  Xenia  in  the  channel  of  Little 
Miami  River  has  received  the  pollution  from  several  unimportant 
settlements,  but  most  damaging  refuse  comes  from  the  strawboard 
works  at  Cedarville.  Analyses  of  the  water  (see  Table  136)  indicate 
that,  from  a  chemical  standpoint,  it  is  of  as  good  quality  as  that  found 
at  the  headwaters,  above  artificial  pollution.  The  bacteriologic 
examination,  however,  is  indicative  of  an  organic  content  more  highly 
putrefactive  than  that  which  was  present  in  the  water  above  South 
Charleston. 

Tablb  136. — Analyses  of  water  from  Little  Miami  above  Xenia, 

[Parts  per  million.] 


Nitrogen  as— 

Hardness. 

r  cubic 
ter. 

1 

too 

•d  . 

6 

s 

i 

3^ 

Date  of 

»^ 

•s« 

B 

•o 

>* 

« 

Bacteria  pe 
centime 

•^o 

collec- 
tion. 

1  Turbidltj 

1 

Color. 

1 

1 

Odor. 

1 

Albumin 
ammon] 

Free  am 
nia. 

Nitrites. 

Nitrates. 

1 

,  Chlorine. 

1 

1  Total  res 

1 

< 

Normal  1 
ness. 

1 

Rainfall 
prevl 
days. 

1901. 

Inches. 

Apr.  26 

45 

SO 

vo 

0.220 

0.062 

0.028 

1.17 

1.1 

335 

223.8 

18.4 

44,000 

0.96 

May  28 

80 

28 

V 

.270 

.280 

.064 

.70 

.5 

396 

234.8 

27.8 

120,000 

1.85 

June  28 

176 

38 

V 

.314 

.174 

.068 

.67 

.8 

423 

260.8 

00.0 

4,800 

.96 

Jnly  17 

142 

80 

V 

.794 

.280 

.066 

.08 

.7 

374 

200.8 

00.0 

1,700 

.38 

Ang.22 

110 

43 

V 

.296 

.090 

.030 

.02 

.0 

369 

230.2 

22.2 

17,000 

2.92 

Sept.  17 

60 

16 

V 

.296 

.066 

.022 

.06 

1.4 

315 

235.8 

00.0 

3,200 

.18 

Oct.  18 

48 

85 

M 

.302 

.186  ■    .009 

1 

.0 

.8 

386 

269.8 

00.0 

180,000 

.05 

Nov.   9 

28 

66 

V 

.806 

.006 

.010 

.^2 

1.9 

368 

287.2 

00.0 

80,000 

.23 

a  V,  vegetable;  M,  musty. 

Below  Xenia  the  water  of  the  Little  Miami  does  not  seem  to  be  infe- 
rior to  that  above.  Although  the  city  has  a  population  of  8, 696,  no  sew- 
ers have  been  established,  and  the  contamination  of  the  river  is  not 
so  great  as  might  be  expected  from  a  municipality  of  this  size.  Xenia 
is  not  situated  directly  upon  Little  Miami  River,  but  some  distance 
up  a  small  stream  called  Shawnee  Run.  The  greatest  source  of  pol- 
lution about  Xenia  is  the  Ohio  Soldiers  and  Sailors'  Orphans'  Home, 
situated  on  Shawnee  Run,  southeast  of  Xenia.  This  home  has  an 
average  population  of  1,010,  and  has  its  own  water  supply  and  sewerage 
system  connected  with  the  stream. 
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Table  137. — AncUyses  of  water  front  Little  Miami  River  below  Xenia. 

[Parts  per  million.] 


1 

• 

1 

1 

Nitrogen  as— 

1 

o 

Total  residue. 

Hardness. 

Bacteria  per  cu> 
bio  centimeter. 

?s 

Date  of 
collec- 
tion. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

5z5 

1 

JZ5 

Alkalinity. 

Normal  hard- 
ness. 

^5 

IflOl. 

/nefc». 

Apr.  86 

45 

86 

v« 

0.886 

0.080 

0.098 

1.88 

1.6 

368 

840.2 

13.8 

62,000 

0-96 

May  f» 

87 

38 

V 

.898 

.310 

.058 

.89 

4.8 

418 

854.4 

7.0 

12,000        1.95 

June  88 

175 

83 

V 

.888 

.180 

.086 

1.04 

8.8 

883 

881.6 

88.0 

5,100  .        .93 

July  17 

105 

28 

V 

.814 

.148 

.088 

.86 

3.8 

375 

856.6 

.0 

i,aoo  \     .» 

Au«r.22 

90 

38 

V 

.468 

.070 

.030 

.00 

.0 

.    344 

236.6 

.0 

177,000  ,      2.98 

Sept.  17 

55 

17 

V 

.888 

.078 

.088 

.00 

1.9 

1    888 

842.4 

.0 

;      2,«0O 

.18 

Oct.  18 

54 

38 

M 

.818 

.134 

.009 

.00 

1.7 

380 

858.4 

.0 

34,400 

.05 

Nov.   9 

35 

58 

V 

.384 

.050 

.010 

.10 

1.6 

.    378 

! 

281.0 

.0 

148,000           .33 

(iv,  vegetable;  M,  musty. 

Proceeding  down  the  river  from  Xenia,  the  most  important  x>oint£ 
of  pollution  discovered  are  Waynesville,  having  a  populHtion  of  723; 
Wilmington,  on  Todds  Fork,  inhabited  by  3,613  people;  Blanchester, 
on  the  same  tributary,  with  1,788  inhabitants;  Lebanon,  on  Turtle 
Creek,  with  2,867,  below  which  is  Loveland.  At  this  point  a  series  of 
examinations  has  been  made  by  the  State  Board  of  Health  of  Oliio,  the 
results  of  which  are  reproduced  in  Table  138. 

Table  ISS.-^-Analyses  of  water  front  Little  Miami  River  above  Loveland. 

[Parts  iper  million.] 


Nitrogen  as — 

Hardness. 

Bacteria  per  cu- 
bic centimeter. 

»! 

Date  of 
collec- 
tion. 

• 

Color. 

Odor. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

Nitrites. 

Nitrates. 

i 
t 

Q 

Total  residue 

Alkalinity. 

Normal  hard- 
ness. 

oS 

Pi 

1901. 

IncXe*. 

Apr.  24 

40 

18 

ya 

0.216 

0.036 

0.011 

1.26 

1.0 

316 

194.2 

20.2 

1,800 

0.43 

May  89 

4.30 

30 

e 

.332 

.076 

.018 

.52 

.8 

4SS 

157.6 

15.2 

21,000 

1.67 

June  26 

250 

15 

m 

.324 

.096 

.009 

.40 

2.2 

380 

238.8 

12.4 

1,500 

.(i» 

July  17 

235 

13 

V 

.254 

.066 

.026 

.30 

2.6 

350 

219.6 

11.2 

1,200 

.» 

Aug.  20 

800 

38 

e 

.312 

.124 

.024 

.31 

.0 

338 

128.2 

20.6 

8,000 

.» 

Sept.  17 

103 

20 

0 

.321 

.036 

.006 

.00 

2.8 

316 

210.0 

.0 

1,900 

.00 

Oct.  19 

90 

18 

V 

.280 

.082 

.006 

.00 

2.9 

378 

224.0 

.0 

2,100 

.(» 

Nov.   9 

00 

26 

e 

.176 

.022 

.010 

.00 

2.7 

343 

221.2 

.0 

1,400 

.27 

nv,  vegretable;  e,  earthy;  m,  moldy. 

The  analyses  above  set  forth,  when  compared  with  those  iu  tables 
135,  136,  and  137,  indicate  a  considerable  improvement  in  the  general 
character  of  the  water.  Free  ammonia  and  nitrites,  which  are  indic- 
ative of  sewage  i)ollntion,  are  present  in  the  Loveland  water  in  smaller 
proportion  than  in  water  taken  higher  up  in  the  drainage  area.  The 
chlorine  content,  however,  maintains  the  same  high  proportion,  and  is 
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an  evidence  of  the  contaminating  influences  of   the  municipalities 
above  mentioned. 

EAffT   FORK    OF  LITTLB   MIAMI. 

Below  Loveland  enters  the  East  Branch  of  Little  Miami  River,  the 
principal  centers  of  population  on  which  are  Lynchburg  and  Batavia. 
At  the  former  place  a  surprisingly  large  amount  of  refuse  is  dis- 
chained  into  the  stream  from  a  distillery  and  from  numerous  drains 
which  lead  out  of  the  town.  At  Batavia  a  public  water  supply  has 
been  established  and  a  number  of  storm  sewers  conduct  surface 
draini^e  into  the  stream.  Tables  139  and  140  are  reports  of  analyses 
made  by  the  Ohio  State  Board  of  Health,  which  fairly  indicate  the 
character  of  the  water  above  and  below  Batavia. 
Table  189. — Analyges  of  water  from  the  East  Fork  of  Little  Miami  Biver  above 


[Parts  per  mUlloD.] 


1901. 

Jalr  » 

Ang.H 
3ept,ia 
Oct.  IB 
Noy.   a 


1 

370 

IM. 

R 

»K 

A 

»7 

lie. 

It 

MII7 

«). 

1 

IBS 

13S. 

HI 

8 

WS 

121. 

<■  e,  MtTtby;  v,  reget&ble;  m,  moldy. 
Table  140. — Anaiyaea  of  wafer  from  East  Fork  of  Little  Miami  River  I 


[Paris  per  million.] 


NitTOBMlM.- 

Hard 

nesB 

^■i 

^S 

IMtiSoI 

collec- 
tion. 

f 

1 

1 

; 

\ 

i 

5 

■ 
t 

1 
1 

1 

1 

1 

1 

it 

pi 

1901. 

InchFK. 

Apr.  a 

m 

uw 

0.(I61S 

0.008      i 

i       2SO 

W7,B 

K 

1*1    3,600 

0.65 

JODB    1 

16 

an 

Ml 

ne 

007 

Id 

1      «7 

ifli.g 

Jane  £7 

■m 

w 

tea 

m 

010 

1» 

e    tei 

143.8 

7T 

3      1.300 

T7 

JnlyaO 

«n 

86 

IDS 

s     ais 

1 

71 

Aug.  81 

wo 

SS 

814 

KM 

013 

Ul 

0      3M 

81).  2 

H 

a   »*,ooo 

1 

m 

S3 

S» 

O06 

00 

H      M6 

13».0 

0(1 

Oct.  IB 

WB 

00 

0    B.nro 

ITOT.   S 

«S 

» 

V 

m 

034  ' 

OO! 

Oi 

4      BSO 

ia.4 

S3 

i    t.m 

83 

iie,  earth?;  t,  vegetable;  M,  musty. 
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From  the  confluence  of  the  East  Branch  the  Little  Miami  flows 
southward  and  empties  into  the  Ohio  just  above  the  city  of  Cincin- 
nati. From  the  mouth  of  the  East  Branch  to  the  confluence  of  the 
river  with  the  Ohio  the  pollution  is  insi^ificant.  Analyses  of  the 
water  below  Linwood,  a  suburb  of  Cincinnati,  make  it  appear  prefer- 
able to  any  reported  from  the  drainage  area  above. 

Table  141. — Analyses  of  toater  from  Little  Miami  River y  below  Linwood. 

[Parts  per  million.] 


Date  of 
collec- 
tion. 


1901. 
Apr.  24 
May  29 
Jane  26 
July  19 
Ang.20 
Sept.  18 
Oct.  18 
Nov.   8 


o 


35 

4-3,000 

187 

+3,000 

1,000 

120 

200 

40 


13 
25 
28 
25 
28 
23 
32 
26 


V" 

e 

V 

e 
e 
e 
e 
e 


I 


Nitrogen 


•d 


0.192 
.638 
.260 
.658 
.246 
.370 
.302 
.202 


6 


0.042 
.097 
.118 
.134 
.068 
.076 
.064 
.026 


I 


0.010 
.010 
.006 
.014 
.022 
.006 
.006 
.000 


t 


0.57 
.18 
.08 
.10 
.10 
.00 
.00 
.04 


o 

O 


I 
I 

$ 

o 

Eh 


2.6 
0.5 
3.2 
1.3 
0.0 
3.4 
3.1 
4.1 


ao6 

1,529 
345 

1,913 
352 
326 
366 
802 


Hardness. 


1 


ii 


190.6 
106.6 
212.8 
127.6 
106.2 
205.8 
161.6 
229.2 


JZ5 


0  u 


•as 


o 


•a* 


19.4 

26.4 

3.0 

25.2 

.0 

.0 

.0 

8.6 


»^ 


6,100 
30,000 

3,000 
43,000  I 

7,aoo 

1,800 
3.900 
1,200 


0.45 

1.67 

.00 

1.S3 

.00 
bl,12 


av,  vegetable;  e,  earthy. 


h  Storms  one  week  previona. 


The  drainage  basin  of  Little  Miami  River  is  without  sx>ecial  inter- 
est from  the  standpoint  of  water  pollution.  As  has  already  been 
observed  the  urban  population  is  comparatively  small  and  the  sewage 
it  contributes  to  the  river  does  not  seem  to  have  very  marked  effects 
on  the  water.  The  analyses  show  a  high  content  of  organic  mat- 
ter from  the  headwaters  down,  and  while  the  water  may  not  have 
been  much  damaged  it  is  certainly  not  so  desirable  for  public  use  as 
some  of  the  purer  waters  found  in  other  parts  of  the  Statue.  It  can 
hardly  be  said,  however,  that  Little  Miami  River  has  suffered  greatly 
from  city  or  manufacturing  refuse,  and  it  is  more  than  likely  that  if 
all  sewage  were  removed  from  the  stream  and  its  tributaries  the 
natural  drainage  of  an  area  so  highly  fertilized  would  so  change  the 
character  of  the  run-off  water  that  it  would  be  hardly  acceptable  for 
city  water-supply  purposes  without  filtration.  The  other  resources 
vested  in  the  natural  waters  of  this  area  do  not  appear  to  be  damaged 
appreciably. 

MIAMI  RIVER. 

Entering  Ohio  below  Cincinnati,  the  Miami  River  drains  a  basin 
to  the  north  thickly  dotted  over  with  towns  and  cities.  The  main 
stream  is  formed  at  Dayton  by  the  confluence  of  the  Upper  Miami, 
Stillwater,  and  Mad  rivers,  which  have  drainage  areas  of  1,158,  645, 
and  653  square  miles,  resi)ectively.  From  Da3rton  to  the  mouth  the 
river  flows  in  a  somewhat  winding  course  to  the  southwest.     From  it^ 
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headwaters  in  Lewistown  reservoir,  in  the  extreme  northern  part  of 
the  drainage  area,  to  its  month  the  Miami  has  a  length  of  163  miles. 

NORMAL.  WATEB  IN  THE  MIAMI  BASIN. 

In  a  drainage  area  like  that  of  the  Miami  it  is  difficult  to  secure 
samples  of  normal  water.  The  run-oflE  from  land  given  over  to  agri- 
culture is  seldom,  if  ever,  of  a  quality  which  approaches  the  normal 
very  closely.  There  appear,  however,  in  the  report  of  the  Ohio  State 
Board  of  Health  for  1901  three  series  of  analyses  of  water  taken  from 
streams  which,  so  far  as  is  known,  bear  no  direct  sewage  pollution. 
These  streams  are  Mad  River  above  Urbana,  Buck  Creek,  a  tributary 
of  Mad  River,  above  Springfield,  and  Greenville  Creek  above  Green- 
ville City.  The  population  upon  the  drainage  area  of  these  streams 
above  the  points  named  is  of  the  usual  agricultural  nature,  and  the 
pollution  of  the  run-off  water  is  probably  confined  to  the  drainage  of 
manured  fields. 

The  analyses  made  by  the  Ohio  State  Board  of  Health  are  set  forth 
below  in  Table  142. 

Table  142. — Ancdyaes  of  nearly  normal  watera  in  the  Miami  River  Basin, 

BUCK  CREEK  ABOVE  SPRXNGFIELD. 

[Parts  per  million.] 


! 

• 

1 

• 

u 

Nitrogen  aa— 

1 

Total  reeidne. 

Hardnem. 

Bacteria  per  cu- 
bic centimeter. 

Precipitation  dur- 
ing previous  10 
days. 

Date  of 
collec- 
tion. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 

1 

• 

s 

Normal  hard- 
ness. 

IWO. 

Inchea, 

Apr.  16 

10 

None 

0.104 

0.016 

0.006 

0.84 

0.4 

407 

242.0 

2.98 

325 

0.54 

May  24 

25 

10 

▼o 

.888 

.082 

.010 

1.14 

.3 

481 

244.0 

27.20 

1,200 

1.49 

Jane  20 

3» 

28 

e 

.096 

.086 

.006 

.88 

.2 

438 

268.0 

12.00 

375 

.00 

July  10 

90 

15 

e 

.178 

.028 

.010 

1.06 

.4 

463 

260.2 

30.00 

800 

.83 

Ang.  9 

57 

17 

V 

.184 

.042 

.010 

1.64 

.0 

884 

227.6 

29.00 

400 

.00 

Sept.  5 

eo 

18 

V 

.206 

.044 

.011 

1.46 

.0 

386 

239.4 

1.80 

600 

.40 

Oct.    3 

35 

15 

V 

.112 

.022 

.002 

1.63 

.4 

426 

219.4 

3.00 

1,200 

1.63 

Nov.  3 

16 

17 

None 

.078 

.019 

.014 

2.12 

.5 

890 

249.4 

13.20 

1,000 

.23 

MAD  BIVER  ABOVE  UBBANA. 


1000. 

Inches. 

Apr.  19 

1(N) 

82 

e 

0.256 

0.014 

0.010 

1.87 

0.0 

487 

229.0 

00.6 

12,000 

1.42 

May  24 

17 

12 

e 

.104 

.040 

.010 

.  .82 

.5 

847 

265.4 

3.0 

700 

.86 

June  20 

70 

21 

V 

.170 

.060 

.009 

.88 

.0 

434 

271.8 

26.8 

1,700 

.00 

July   9 

100 

18 

V 

.220 

.060 

.017 

.64 

.2 

410 

266.2 

11.4 

2,200 

1.05 

Aug.  9 

96 

22 

V 

.182 

.054 

.016 

1.04 

.2 

396 

260.4 

.0 

3,300 

.11 

Sept.  5 

165 

28 

e 

.880 

.082 

.007 

.83 

.0 

438 

280.4 

21.0 

5,900 

.25 

Oct    8 

90 

18 

V 

.180 

.032 

.006 

L26 

1.0 

462 

260.2 

1.6 

4,000 

1.81 

Nov.  3 

28 

20 

None 

.086 

.019 

.005 

.00 

.0 

390 

251.4 

1.4 

2,200 

.20 

ov,  vegetable;  e,  earthy. 
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Table  142. — Analyses  of  nearly  noi^nial  nxiters  in  the  Miami  River  Basin — Cont'd. 

GREENVILLE  CREEK  ABOVE  OREENVILLE. 


Turbidity. 

Color. 

1 

Nitrogen  as- 

1 

Total  residue. 

1 

Hardness. 

Bacteria  por  cu- 
bic centimeter. 

a 

ll 

Date  of 

coUec. 

tion. 

Albuminoid 
ammonia. 

Free  ammo- 
nia. 

1 
t 

1 

AlkaUnity. 

Normal  hard- 
ness. 

1900. 

Inckes. 

Apr.  17 

28 

20 

v«» 

0.188 

0.080 

0.016 

3.44 

0.2 

449 

217.8 

83.0 

3.300 

0.60 

May  22 

24 

28 

V 

.211 

.094 

.038 

2.09 

.0 

380 

226.2 

40.0 

1,100 

L2S 

June  18 

28 

25 

V 

.184 

.084 

.014 

.65 

.6 

467 

278.4 

81.0 

1,300 

.00 

July  10 

70 

27 

V 

.214 

.060 

.020 

.44 

.4 

960 

280.0 

.0 

1.100 

.» 

Aug.  7 

66 

22 

V 

.268 

.134 

.Oil 

.00 

2.7 

421 

255.4 

3.2 

2,000 

L6B 

Sept.  3 

56 

23 

V 

.186 

.096 

.010 

.00 

1.0 

413 

268.0 

.0 

4,700 

.00 

Oct.     1 

120 

42 

V 

.272 

.063 

.024 

2.12 

.0 

432 

189.6 

35.0 

19,000 

aa 

Nov.   1 

28 

20 

e 

.164 

.019 

.002 

.00 

1.5 

472 

274.0 

26.6 

6,400 

.35 

a  V,  vegetable;  e,  earthy. 

Inspection  of  the  above  table  readily  shows  that  the  water  in  Buck 
Creek  above  Springfield  is  decidedly  the  best.  Throughout  the  whole 
table  the  content  of  organic  matter  indicated  is  comparatively  low  and 
maintains  a  fair  degree  of  uniformity.  In  the  Buck  Creek  analyses  the 
free  ammonia,  nitrites,  and  chlorine  are  much  lower  tlian  in  any  anal^"- 
ses  heretofore  presented  for  this  area.  There  is  the  same  steadiness  in 
the  total  residue  column  that  was  evidenced  in  the  Little  Miami  exam- 
inations. Turbidity  and  bacteria  per  cubic  centimeter  are  compara- 
tively uniform  in  spite  of  the  fact  that  there  were  wide  fluctaations  in 
the  precipitation  during  the  ten  days  previous  to  each  examination. 

Turning  now  to  the  three  affluents  of  the  Miami,  let  us  considerthe 
conditions  existing  within  the  drainage  areas  of  each. 

MAD  RIVER. 

Mad  River  has  its  origin  in  Logan  County  and  flows  with  a  general 
southwesterly  trend  to  Dayton.  The  city  of  Urbana,  with  6,808  inhab- 
itants, lies  at  the  head  of  sewage  pollution.  A  water  supply  has  )>een 
established  in  Urbana,  but  the  sewerage  system  is  confined  to  a  few 
private  lines  of  pipe.  The  principal  source  of  pollution,  however,  is 
the  highly  contaminated  run-off  occasioned  by  the  storage  of  pollut- 
ing material  in  vaults  and  cesspools,  rarely  cleaned,  but  allowed  to 
filter  into  the  ground.  The  most  important  point  of  pollution  is  the 
city  of  Springfield,  which  has  a  population  of  38,253. 

Water  and  sewerage  systems  have  been  established,  but  the  latter  is 
said  to  be  very  poor,  and  only  about  20  per  cent  of  the  population  has 
access  to  it.  The  most  flagrant  source  of  pollution  from  Springfield 
is  the  method  of  disposing  of  garbage,  night  soil,  and  dead  animals. 
These  are  dumped  promiscuously  into  the  river  or  buried  on  or  near  the 
banks.     Thei'e  is  also  considerable  pollution  from  various  indastries. 

There  are  available  the  results  of  analyses  of  series  of  samples 
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taken  from  Mad  River  above  and  below  Urbana,  above  and  below 
Springfield,  and  above  Dayton;  also  from  Buck  Creek,  above  Spring- 
field. The  reports  of  the  first  and  last  named  have  alreadv  been 
given  in  Table  142. 

In  the  following  table  the  average  results  of  monthly  determinations 
at  the  above-named  places  are  set  forth : 

Table  143. — Analyses  of  water  front  Mad  River, 
[ATeragee  for  eigrlit  monthly  examinations,  in  parts  per  million.] 


Place  of  collection. 


Above  Urbana 80 

Below  Urbana '  116 

Above  Springfield 80 

AboTeSpringfleldCBuck Creek)'    40 

Below  Springfield 75 

Above  Dayton I    80 


Nitrogen  as- 

— 

6 

• 

bnmi 
^mmoi 

"1 

0(HK 

1 

■E 

1 

■4J 

1 

5 

r-   SB 
< 

—^ 
^ 

e 

21 

0.191 

0.010 

0.91 

0.2 

47 

.008 

.0H9 

.060 

.47 

1.2 

27 

.280 

.076 

.028 

.48 

.6 

15 

.154 

.080 

.000 

1.34 

.3 

24 

.270 

.201 

.012 

.60 

3.3 

20 

.194 

.OBB 

.011 

1.82 

2.8 

s 

•d 


3 

O 


422 
456 
431 
417 
435 
417 


Hardness. 


•d 

o 


253.1 
278.7 
272.1 
243.8 
270.6 
254.8 


14.5 
16.5 
12.1 
18.2 
9.2 
14.0 


■af 


I 


4,000 

160,000 

9,600 

738 

81,000 

6,760 


Insx>ection  of  the  above  analyses  shows  the  usual  unmistakable  evi- 
dences of  contamination  of  the  river  from  the  two  principal  polluting 
points  and  the  improvement  of  the  water  as  it  flows  from  one  of  these 
point's  to  the  other.  The  character  of  the  water  above  Urbana  on  Mad 
River  and  above  Springfield  on  Buck  Creek  has  already  been  discussed. 
As  the  water  passes  by  Urbana  there  is  a  notable  increase  in  the  content 
of  organic  matter  as  well  as  in  turbidity  and  in  the  jiumber  of  bacteria 
per  cubic  centimeter.  From  Urbana  to  Springfield  the  water  shows 
undoubted  improvement,  but  is  again  changed  in  passing  the  city  of 
Springfield,  while  the  analyses  made  of  samples  taken  above  Dayton 
show  that  the  water  has  so  far  improved  as  to  be,  from  a  chemical 
standpoint  at  least,  almost  as  good  as  it  appears  above  Urbana.  The 
Dayton  samples  show  the  character  of  the  water  contributed  to  the 
Miami  system  by  Mad  River. 

UPPER  MIAMI-  RIVER. 

Upper  Miami  River  has  its  origin  in  Lewistown  reservoir  and  flows 
south  by  a  somewhat  circuitous  route  to  join  the  Stillwater  and  Mad 
rivers  at  Dayton.  The  head  of  pollution  upon  the  Upper  Miami  is  Belle- 
fontaine,  a  village  of  G,649  inhabitants,  supplied  with  water  and  a 
short  system  of  storm  sewers.  The  principal  pollution  from  this  point 
consists  of  the  drainage  of  a  few  plumbing  systems  into  the  storm 
sewer,  the  refuse  from  slaughterhouses,  and  the  pollution  of  run-off 
water  through  putrescible  material  stored  in  the  ground.  A  few  insti- 
tutions, such  as  the  Logan  County  Infirmary,  Logan  County  Childrens' 
Home,  and  the  Shelby  County  Childrens'  Home  and  Infirmary,  con- 
tribute more  direct  sewage  pollution  to  the  river  than  any  of  the  small 
villages  situated,  along  the  stream.     The  village  of  Sidney,  having  a 
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population  of  5,688,  has  a  water  supply  and  has  just  introduced  a 
system  of  sewers.  These,  together  with  a  brewery  and  a  tannery  and 
various  other  incidental  contaminating  points,  produce  considerable 
damage  to  the  river. 

Next  below  Sidney  is  Piqua,  having  a  population  of  12,172.  The 
public  water  supply  at  this  point  is  not  used  for  domestic  purposes. 
A  separate  system  of  sewers,  to  which  about  30  per  cent  of  the  people 
have  access,  has  been  established.  These  sewers  empty  directly  into 
the  Miami  River.  In  the  town  are  located  strawboard  works,  oil  mills, 
breweries,  and  several  large  slaughterhouses,  and  the  effluent  from 
these  and  the  sewers  is  the  occasion  of  serious  nuisances  at  times. 

Below  Piqua  is  Troy,  containing  5,581  inhabitants,  and  still  farther 
down  is  Tippecanoe  City,  with  1,703.  Both  places  have  public  water 
supplies  and  a  few  short,  combined  sewers,  to  which  a  small  propor- 
tion of  the  people  have  access.  Garbage  and  night  soil  are  dumped 
along  the  river  and  into  the  Miami  and  Erie  Canal,  which  flows  along 
the  river  bank.  In  addition  to  the  pollution  from  sewers,  the  river 
receives  the  refuse  from  three  distilleries,  two  breweries,  and  several 
large  slaughterhouses. 

Chemical  examinations  of  the  water  of  the  Upper  Miami  have  been 
made  above  and  below  the  cities  of  Sidney,  Piqua,  and  Troy,  and 
above  Dayton,  and  the  averages  of  the  eight  monthly  analyses  of 
samples  taken  at  each  point  appear  in  the  following  table: 

Table  144. — Analyses  of  water  from  Upper  Miami. 
[Averages  of  eight  monthly  examinations,  in  parts  per  million.  1 


Place  of  collection. 


Above  Sidney 
Below  Sidney. 
Above  Piqua.. 
Below  Piqua.. 
Above  Troy  .. 
Below  Troy... 
Above  Dayton 
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u 
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45 
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55 
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24 

28 
27 
26 
24 


100    25 
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.400 
.374 
.344 
.378 


6 

§  • 
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.074 
.077 
.048 
.105 
.112 


CR 


.307     .049 


0.009 
.014 
.010 
.027 
.018 
.019 
.013 


s. 
I 


0.62 
.57 
.65 
.90 
.54 
.61 
.68 


s 


0.7 
2.3 
1.2 
3.4 
2.4 
3.2 
1.5 


s 


o 


404 
379 
484 
468 
388 
364 
407 


Hardness.   I    S, 


219.8 
223.9 

aoo.6 

208.9 
214.7 
221.9 
220.9 


-a 

OB    . 

72  « 


& 


33.3 
25.9 
31.9 
25.0 
27.2 
30.4 
24.9 


H 


&! 


& 


1.900 

4,7or> 

11,000 
22,5(n 

5,600 
52,  CO) 

5,000 


The  effect  of  sewage  on  the  Miami  River  above  Dayton,  as  iiidieateil 
by  the  above  analyses,  is  so  obvious  as  hardly  to  merit  discussion. 
The  same  general  features,  repeatedly  observed  in  the  discussion  of 
drainage  areas  in  previous  pages,  occur  here.  As  the  Miami  enters 
the  city  of  Dayton,  the  water,  from  a  cliemical  standpoint,  is  only  a 
little  inferior  to  that  in  the  same  stream  above  Sidney. 


STILLWATER  RIVER. 


Stillwater  River,  entering  the  Miami  at  Dayton,  drains  the  country 
to  the  northwest,  comprising  large  areas  in  Darke  and  Miami  conn- 
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ties.  The  principal  source  of  pollution  along  the  entire  length  of 
Stillwater  River  is  the  city  of  Greenville,  which  has  a  population  of 
5,501.  At  this  place  water  and  sewerage  systems  have  been  installed, 
the  latter  being  one  of  the  best  in  the  drainage  area.  In  addition  to 
the  contaminating  matter  carried  into  the  former  from  the  sewers, 
there  is  the  polluted  surface  drainage  from  that  part  of  the  town 
which  has  not  yet  been  connected  with  the  sewerage  system. 

In  the  drainage  area  of  the  Stillwater  there  are  several  institutions 
which  furnish  the  usual  amount  of  contamination.  The  villages  of 
Versailles  and  Covington,  containing  1,478  and  1,791  inhabitants, 
respectively,  are  the  only  remaining  points  within  the  watershed  that 
are  important  from  the  standpoint  of  stream  pollution. 

Three  sampling  points  were  selected  by  the  Ohio  State  Board  of 
Health  as  a  basis  for  their  investigation  into  the  character  of  the 
water  in  Stillwater  River.  These  are  located  above  and  below  Green- 
ville, on  Greenville  Creek,  and  above  Dayton. 

Table  145. — Analyses  of  water  from  Stillwater  River. 
[Averages  of  eight  monthly  examinations,  in  parts  per  million.] 


Place  of  ooUection. 


Above  Greenville 
Below  OreenviUe. 
Above  Dayton  — 


1 

56 

TO 
80 

• 

1 

26 
27 
23 

Nitrogen  as— 

1 

1 
1 

Eh 
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Albuminoid 
ammonia. 

6 
|l 

0.072 
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1 

0.017 
.022 
.009 

1 
1 

• 

< 

Normal 
hardness. 

0.211 
.274 
.251 

1.08 
1.17 
2.02 

0.8 

2.6 

.9 

425 
475 
380 

248.8 
251.7 
218.9 

27.8 

86.4 

8.3 

£5 


I 


i 


4,900 
18,500 
46,600 


Examination  of  the  results  above  set  forth  shows  nothing  of  an 
uncommon  nature.  Above  Greenville,  as  has  been  already  shown  in 
the  consideration  of  normal  waters  in  the  Miami  drainage  area,  there 
is  little  evidence  of  specific  sewage  contamination.  Below  Greenville 
there  is,  as  might  be  expected,  an  increase  of  those  ingredients  whose 
presence  is  generally  accepted  as  an  indication  of  pollution,  but  the 
amount  of  this  increase  is  not  so  great  as  might  be  expected  when  all 
the  circumstances  are  considered.  The  analyses  of  samples  taken 
above  Dayton  indicate  the  usual  improvement  in  a  water  after  it  has 
flowed  beyond  the  point  of  contamination  for  a  considerable  distance. 

The  city  of  Dayton  has  a  population  of  85,333,  the  largest  on  the 
drainage  area  of  the  Miami.  It  is  provided  with  a  water  supply  and 
a  sewerage  system,  to  which  30  per  cent  of  the  i)eople  have  access. 
Garbage  is  burned  in  a  crematory  and  night  soil  is  disposed  of  upon 
the  farms  outside  the  city,  so  that  the  pollution  of  the  river  is  con- 
fined to  the  affluents  from  the  sewerage  system  and  the  refuse  turned 
into  the  stream  by  industrial  plants,  which  consist  of  breweries, 
slaughter  and  packing  houses,  oil  mills,  soap  works,  and  paper  and 
Btrawboard  manufactories. 
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MIAMI  RIVER  BELOW  DATTON. 

Below  the  city  of  Dayton,  on  the  Miami,  are  located  the  National 
Soldiers'  Home  and  the  Dayton  State  hospital.  The  combined  popu- 
lation of  these  two  institutions  is  5,810.  Both  are  provided  with  sani- 
tary sewers  and  improved  systems  of  plumbing,  which  discharge 
directly  into  the  river.  This  is  the  largest  cent-er  of  pollution  in  the 
whole  drainage  area,  greater,  in  fact,  than  the  city  of  Dayton  itself. 
Continuing  down  the  river  from  the  two  institutions  above  mentioned, 
the  next  important  x>oint  is  Miamisburg,  which  has  a  population  of 
3,941.  Industrial  pollution  seems  to  be  the  most  important  at  this 
village,  which  has  no  water  or  sewerage  system. 

The  village  of  Framklin,  a  few  miles  below  Miamisburg,  is  inhab- 
ited by  2,724  x)ersons  and  is  supplied  with  water  and  a  .small  system 
of  sewerage.  In  addition  to  the  contamination  afforded  by  the  latter, 
a  large  proportion  of  the  garbage  of  the  town  is  dumped  into  the  river 
and  some  of  the  industrial  plants,  such  as  paper  mills  and  slaughter- 
houses, pour  their  refuse  into  the  stream. 

Middletown  is  situated  a  few  miles  below  Franklin,  on  the  east  bank 
of  Miami  River.  It  has  an  excellent  water  supply  and  sewerage  sys- 
tem, through  which  the  sewage  of  about  2,000  persons  is  carried 
directly  into  the  river.  The  waste  from  a  large  number  of  manufac- 
turing establishments  also  finds  its  way  there.  Among  these  are  gas 
works,  breweries,  malt  houses,  etc. 

A  few  miles  below  Middletown  is  the  city  of  Hamilton,  through  the 
center  of  which  Miami  River  passes.  Hamilton  has  a  population  of 
23,914,  a  good  water  supply,  and  an  extensive  system  of  sanitary  and 
storm  sewers.  In  addition  to  the  polluting  material  poured  into  the 
river  by  these  sewers,  it  receives  the  refuse  from  a  large  and  varied 
assortment  of  industries. 

Below  Hamilton  there  is  little  of  interest  until  the  mouth  of  the 
river  is  reached. 

Sampling  points  selected  by  the  Ohio  State  Board  of  Health  are 
below  Dayton,  above  and  below  Middletown,  above  and  below  Ham- 
ilton, and  below  Cleves. 

Table  146. — Analyses  of  teaterfrom  Miami  River. 

[Parts  per  million.] 
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The  character  of  the  water  contribute<l  to  the  Ohio  system  by  the 
Miami  is  not  all  that  could  be  desired,  nor  indeed  as  good  as  might 
easily  be  furnished.  In  the  course  of  the  river  from  Dayton  to  its 
mouth  the  changes  in  the  organic  constituents  of  the  water  are  not 
exceedingly  sharp.  The  undesirable  condition  of  the  run-off  at 
Dayton  is  maintained  steadily  throughout  the  remainder  of  the  course. 
The  sewage  of  Dayton  and  the  two  institutions  just  below  it  is  appar- 
ent in  the  report  of  the  analyses  of  samples  taken  above  Middletown. 
The  additional  polluting  material  poured  in  from  Middletown  is  per- 
fectly evident,  and  by  the  time  the  water  reaches  Hamilton  only  a  very 
small  improvement  can  be  noted.  The  water  contributed  to  the  sys- 
tem by  the  three  main  affluents  above  Dayton  seems  to  be  far  superior 
to  that  which  flows  by  Cleves  into  Ohio  River. 

OHIO  RIVER  AT  LOUISVILLE. 

During  the  years  1895,  1896,  and  1897  extensive  investigations  were 
carried  on  by  the  Louisville  Water  Company  to  determine  the  char- 
acter of  the  water  in  Ohio  River  opposite  that  city.  Mr.  George  W. 
Fuller  was  placed  in  charge  of  this  work,  and  in  the  year  1898  sub- 
mitted an  exhaustive  i-eport  on  the  purification  of  tlie  water  of  Ohio 
River.  Daily  examinations  of  the  water  of  Ohio  River  were  made 
from  October  16,  1895,  to  July  24,  1897,  the  reports  of  which  will 
not  be  given  here  in  full,  but  attention  will  be  directed  to  several 
impoi'tant  determinations. 

Relative  to  the  drainage  area  and  general  hydrographic  conditions 
Mr.  Fuller  writes  as  follows: 

The  water  of  the  Ohio  River  at  Lonisville  varies  widely  from  time  to  time  in 
its  compofiition.  This  variation  is  cansed  by  a  ntimber  of  factors,  among  which 
are  the  following: 

1.  The  size  and  varying  geological  formation  of  the  watershed. 

2.  The  number  of  comparatively  large  tributaries  which  drain  areas  of  dis- 
tinctly nnlike  geological  character. 

3.  The  amount  of  precipitation  (rain  and  snow). 

4.  The  distribution  of  the  precipitation  over  the  watershed. 

5.  The  condition  of  the  soil  at  the  beginning  of  heavy  rain  storms. 

6.  The  amount  and  rate  of  precipitation  during  single  storms. 

7.  The  stage  of  the  river. 

8.  The  velocity  of  flow  of  the  river. 

9.  Agitation  of  the  water  in  the  river  due  to  wind  storms,  etc. 

The  total  population  resident  on  this  watershed  above  Louisville  is  estimated  at 
4,500,000,  of  which  1,575,000  is  contained  in  220  towns  and  cities,  according  to 
the  census  of  1890,  increased  15  per  cent  for  the  six  years  of  the  present  decade. 
The  nearest  city  discharging  sewage  into  the  water  which  passes  this  pumping 
station  is  Madison,  Ind.,  situated  about  50  miles  above  Louisville,  with  a  popula- 
tion of  about  12,000.  The  next  city  is  Frankfort,  Ky.,  situated  on  the  Kentucky 
River,  67  miles  from  its  mouth.  This  city  has  a  population  of  about  10,000.  The 
Kentucky  River  joins  the  Ohio  about  57  miles  above  Louisville.  The  nearest 
large  center  of  population  discharging  sewage  into  this  water  supply  is  at  Gin- 
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cinnati,  Ohio.  Opposite  this  city  are  the  cities  of  Newport  and  Covin^^xi,  Ky. 
Their  aggregate  population  (three  cities)  is  abont  420,000,  and  they  are  distant 
above  Lonisville  about  150  miles  by  riyer. 

The  rises  and  floods  in  the  Ohio  River,  with  their  associated  factors,  produce 
wide  and  rapidly  changing  variations  in  the  composition  of  the  river  water. 
Owing  to  the  fact  that  the  composition  of  the  river  water  is  a  prominent  factor  in 
the  cost  of  purification,  analyses  were  made  practically  every  day  during  these 
tests  of  the  water  before  its  application  to  the  systems  of  purification.  Before 
giving  attention  to  the  results  of  analyses,  however,  the  question  of  frequency 
and  depth  of  freshets  or  floods  is  to  be  considered.^ 


Table  147. — Amount  of  carbonic  acid  gas  (carbon  dioxide)  dissolved  in  the  Ohio 

River  water  at  Louisville, 

[Parts  per  million.] 


1 

Date.       ; 

1 

Carbonic 
acid  gas. 

Date. 

1 

Carbonic 
acid  gas. 

1 

Date. 

1 

1897. 

Carbonic 
acid  gas. 

Date. 

Carbonic 
acid  gas. 

1 
1896. 

1897. 

1897. 

June      18 

&80.8 

Mar.    24 

44.9 

i  May       7 

57.4 

June     18 

82.7 

22 

&26.4 

1               25 

41.9 

1 

8 

110.6 

19 

106.3 

24 

&27.7 

26 

36.5 

9 

66.7 

20 

100.8 

27 

^29.7 

27 

47.0 

10 

72.1 

21 

100.3 

July         8 

&30.6 

29 

56.6 

13 

65.2 

22 

100.3 

8 

b21.1 

30 

80.0 

14 

76.6 

28 

107.4 

Nov.      28 

83.0 

Apr.       1 

53.6 

15. 

50.8 

24 

100.8 

Dec.       10 

98.0 

2 

59.0 

18 

67.3 

25 

105.6 

1897. 

3 

53.5 

19 

71.8 

26 

113.7 

Feb.       16 

80.4 

7 

79.6 

21 

88.7 

27 

lao.o 

Mar.        2 

63.4 

8 

46.0 

22 

95.9 

28 

92.1 

3 

59.0 

9 

91.0 

23 

94.3 

30 

105.9 

4 

67.8 

10 

80.0 

26 

80.2 

July       1 

93.9 

6 

49.8 

12 

65.0 

27 

80.0 

2 

75.3 

6 

47.6 

13 

44.0 

28 

107.8 

8 

73.1 

7 

51.4 

.       14 

75.7 

29 

101.6 

6 

100.4 

11 

99.5 

15 

88.3 

June      1 

66.6 

7 

106.1 

12 

88.0 

16 

50.2 

2 

90.5 

8 

99.9 

18 

122.4 

21 

41.2 

4 

82.7 

12 

71.8 

15 

45.8 

22 

42.7 

7 

89.0 

16 

47.0 

16 

38.4 

23 

43.0 

10 

138.0 

16 

28.8 

19 

38.8 

25 

55.0 

11 

107.6 

17 

49.4 

20 

42.6 

27 

94.9 

15 

98.8 

22 

46.4 

29 

85.9 

16 

108.8 

23 

40.4 

,  May       4 

86.8 

17 

1 

107.6 

a  Report  on  the  investigations  into  the  purification  of  the  Ohio  River  water  at  Louisville,  Ky., 
made  to  the  president  and  directors  of  the  Lotdsville  Water  Company  by  George  W.  Puller, 
1808. 

&Tho  results  of  June  and  July,  1896,  were  obtained  by  the  Pettenkoffer  method,  without  the 
Trillich  modification,  and  are  probably  much  too  low 
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The  normal  hardness  or  amount  of  Incrusting  constituents  in  the 
Ohio  River  water  is  set  forth  in  the  following  table: 

TabIjE  148. — Normal  hardness  of  tpater  of  Ohio  River  at  Louisville. 

[Parts  per  miUion.] 


Date. 

Normal 
hardneee.; 

1 

Date. 

Normal 
hardness. 

1 

Date. 

Normal 
hardnefls. 

I 

Date. 

1897. 

Normal 
hardnesB. 

1895. 

1897. 

1897. 

Dec.    9-11 

43.9 

Mar.    15 

14.0 

Apr.20-21 

15.5 

May28-29 

16.8 

1896. 

16 

20.5 

21-22 

17.5 

31 

May         6 

43.0 

17 

24.6 

22 

12.0 

June      1 

17.0 

14 

33.8 

18 

36.7 

22-23 

14.6 

2-^ 

17.6 

22 

40.1 

19 

16.7 

23-24 

14.3 

4-5 

23.5 

29 

41.1 

20 

22.0 

27 

12.7 

7-8 

22.5 

Jane       11 

44.0 

22 

12.0 

28 

17.0 

9-10 

23.8 

18 

30.0 

23 

9.6 

29 

32.0 

11-12 

28.8 

July       30 

35.0 

24 

10.8 

29-30 

21.7 

21 

28.8 

1897. 

25 

10.0 

30 

22 

31.0 

Feb.       17 

18.7 

26 

13.9 

May      1 

20.0 

23 

27.8 

22 

24.7 

29 

12.8 

4 

23.0 

24 

21.9 

28 

17.2 

30 

33.3 

5 

17.0 

25 

19.0 

24 

21.2 

Apr.      1 

29.1 

6-7 

15.5 

27 

17.5 

25 

16.1 

2-3 

18.2 

a-9 

15.8 

28 

25.5 

26 

8.0 

3-4 

11.0 

13 

16.1 

29-80 

20.0 

Mar.         1 

15.8 

5 

29.9 

14 

23.2 

July      2 

20.0 

2 

10.0 

6 

23.4 

15 

11.3 

6 

20.9 

3 

8.-0 

6-7 

30.0 

17-19 

9.0 

7 

27.0 

4 

12.0 

8 

19.8 

19-20 

10.8 

9-10 

11.0 

5 

25.3 

9 

14.2 

21 

11.9 

12-13 

12.0 

6 

34.6 

9-10 

13.3 

21-23 

15.9 

14-15 

14.8 

7 

16.0 

11 

9.0 

23-24 

10.2 

16 

14.0 

9 

23.4 

12 

12.7 

25 

20.2 

17-18 

12.3 

10 

17.9 

13-14 

16.0 

.25-26 

14.5 

1 

19-20 

24.2 

11 

30.0 

14-15 

20.0 

27 

16.7 

21-22 

24.2 

12 

33.0 

15-16 

18.1 

27-28 

19.3 

23-24 

43.8 

An  interesting  investigation  into  the  amount  and  corrosive  effect 
of  dissolved  carbon  dioxide  in  the  river  water  brought  out  the  fact 
that  such  determinations  are  of  more  importance  than  had  been  pre- 
viously supposed.  The  observation  is  made  in  Mr.  Fuller's  report 
that  at  times  the  weight  of  the  dissolved  carbon  dioxide  in  the  river 
water  equals  and  even  exceeds  the  weight  of  all  dissolved  solids.  The 
amount  of  carbon  dioxide  found  in  the  water  at  each  examination  is 
set  down  in  Table  147. 
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In  the  foregoing  pages  we  have  reviewed  the  important  and  readily 
available  records  of  water  examinations  which  have  Jbeen  carried  on 
in  this  country,  except  those  now  being  prosecuted  in  connection  with 
the  Chicago  Drainage  Canal  and  Illinois  River.  It  is  apparent  from 
this  review  that  the  pollution  of  natural  waters  follows  social  munici- 
pal progress.  Those  rivers  which  remain  in  their  normal  condition  are 
situated  in  areas  that  have  not  been  penetrated  to  any  extent  by  the 
growth  of  American  institutions.  Nearly  all  important  streams  have 
been  damaged  and  their  normal  resources  diminished.  The  question 
may  be  asked :  Is  not  the  damage  done  to  these  streams  by  the  sewage 
of  cities  and  by  industrial  plants  merely  a  part  of  the  compensation 
which  we  should  willingly  pay  for  the  advantages  that  we  have  gained 
through  the  establishment  of  those  polluting  influences?  Undoubtely, 
to  a  certain  degree;  but  the  fact  still  remains  that  in  most  cases 
when  such  damage  is  carried  beyond  a  certain  point  it  must  be  regarded 
as  needless  and  unwarranted. 

Water  pollution  is  inevitable  wherever  the  human  race  is  clustered 
together  in  large  numbers,  but  by  the  application  of  the  methods  of 
sewage  disposal  which  modern  science  has  made  available,  and  by 
the  exercise  of  an  ordinary  amount  of  municipal  decency,  sach  jjolln- 
tion  can  be  so  restricted  that  it  will  result  in  the  destruction  of  only 
one  or  two  of  the  resources  which  are  vested  in  natural  waters. 

There  is  no  doubt  that  the  run-off  water  from  a  thickly  settled 
country  is  likely  to  be  dangerous  for  domestic  uses  unless  it  is  filtered, 
and  the  current  methods  of  sewage  disposal,  while  theoretically  per- 
fect, are  practically  not  sufficiently  so  to  warrant  us  in  using  the 
so-called  purified  effluents  as  we  would  use  the  run-off  from  an  unin- 
habited region.  Yet,  if  proper  precautions  are  taken  and  the  same 
attention  is  paid  to  sewage  disposal  that  is  ordinarily  given  to  other 
departments  of  municipal  affairs,  every  community  will  be  the  richer 
and  the  tremendous  waste  of  natural  resources  which  is  now  taking 
place  will  ultimately  be  restricted  to  that  which  is  necessary. 
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THE  RELATION  OF  RAINFALL  TO  RUNOFF. 


By  George  W.  Rafter. 


I^NTRODXTCTION. 

The  run-off  of  a  sti*eam  \h  influenced  by  many  complex  conditions — 
as,  for  instance,  amount  of  rainfall  and  its  intensity,  nature  of  soil, 
slope  of  surface,  and  area  and  configuration  of  catchment  basin.  It 
is  also  influenced  by  geologic  structure,  forests,  wind,  force  of  vapor 
pressure,  and  other  elements.  Data  are  still  lacking  for  a  I'eally  sat- 
isfactory discussion  of  the  question,  although  they  have  accumulated 
so  rapidly  during  the  last  few  years  that  many  conservative  conclu- 
sions can  be  drawn  which  may  be  accepted  as  substantially  true. 

The  subject  has  been  discussed  in  the  Transactions  of  the  American 
Society  of  Civil  Engineers  by  Messrs.  Herschel,  Fteley,  FitzGerald, 
Babb,  and  others  in  a  series  of  able  papers,^  but  no  one  of  these  exhib- 
its a  complete  view. 

It  has  also  been  discussed  in  other  publications,  but  so  far  as  known 
to  the  writer  the  Transactions  of  the  American  Society  contain  the 
most  complete  discussion  of  the  subject  that  can  be  found  in  English 
engineering  literature. 

As  a  result  of  many  years'  study  of  the  problem  indicated  by  the 
title  of  this  paper  the  writer  has  come  to  the  conclusion  that  no  gen- 
eral formula  is  likely  to  be  found  expressing  accurately  the  relation 
of  rainfall  to  the  run-off  of  streams,  for  streams  varj'  widely  in  their 
behavior,  and  when  they  do  agree  the  agreement  is  usually  accidental. 
As  a  general  proposition  we  may  say  that  every  stream  is  a  law  unto 

it«elf- 

The  final  formula  of  run-off  for  a  given  stream,  therefore,  will  differ 
in  some  particulars  from  that  for  every  other,  except  that  there  may 
be  accidental  resemblances  as  regards  slope,  shape  of  catchment  area, 
or  some  other  peculiarity.  It  is,  however,  true  that  an  empirical 
formula  may  be  made  for  certain  classes  of  streams  which  will  give 
approximately  the  run-off  for  a  series  of  j^ears. 

a  See  Tran«M  Vol.  X,  p.  225;  Vol.  XX  VII,  p.  JSTiH;  and  Vol.  XXVHI,  p.  fSSH. 
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RAINFAIifi. 
CAUSK   OF   RAINFALL. 

The  cause  of  rainfall  has  lM*eu  (liscusseil  by  Mr.  Velschow  iii  the 
Transactions  of  the  American  Society  of  Civil  Engineers.^  This  paper 
may  be  referred  to  for  a  very  good  discussion  of  the  subject. 

The  subject  is  also  very  ably  discussed  by  Alfred  J.  Henry  in  one 
of  the  Weather  Bureau  reports.*  Mr.  Henry  remarks  that  the  theo- 
ries of  rainfall  given  in  books  of  twenty  or  thirty  years  ago  are  not 
now  wholly  accepted.  Still  there  is  one  simple  prineii)le  upon  which 
no  disagreement  exists — that  in  order  to  produce  rain  the  t-erapera- 
ture  of  the  air  must  be  suddenly  cooled  below  the  dew  point.  V\"hen 
the  air  is  thus  cooled  a  portion  of  the  vapor  is  changed  to  the  liquid 
state  and  the  particles  thus  formed  may  float  away  with  the  wind  or 
they  may  increase  in  size  and  fall  to  the  ground  by  virtue  of  gravity. 
Whether  the  condensation  results  simply  in  cloud,  or  whether  rain 
falls,  depends  on  the  magnitude  of  the  temi)erature  changes  taking 
place  in  the  air  mass. 

The  precise  manner  in  which  air  is  cooled  to  produce  rain,  whether 
by  contact  or  by  mixing,  is  not  clearly  apprehended.  Cooling  by 
expansion,  as  air  ascends,  is  one  of  the  most  effective  causes  of  rain- 
fall. The  ascensional  movement  is  brought  about  in  several  ways, 
probably  the  most  important  of  which  is  circulation  of  air  in  cyclonic 
storms,  by  a  radial  inflow  from  all  sides  and  an  ascensional  move- 
ment in  the  center.  A  very  large  percentage  of  the  rain  of  the  United 
States  is  precipitated  in  connection  with  the  passage  of  storms  of  this 
class.  ^ 

Mr.  Henry  discusses  the  precipitation  of  the  United  States  under 
the  following  topics:  (1)  The  statistics  used  and  their  accuracy;  (2) 
Geographic  distribution  and  annual  allowance;  (3)  Monthly  distribu- 
tion by  districts  and  types;  (4)  The  precipitation  of  the  crop-growing 
season;  (5)  Secular  variations;  (6)  Details  of  the  precipitation  by 
geographic  districts;  and  (7)  Excessive  precipitation. 

The  chapter  on  "  Excessive  precipitation  "is  probably,  from  an  engi- 
neering point  of  view,  the  most  important.  Mr.  Henry  states  that  in 
1888  attention  was  first  dii-ected  to  the  importance  of  statistics  of 
excessive  rainfall.  At  the  present  time  the  Monthly  Weather  Review 
publishes  a  tabic*  of  maximum  rainfalls  in  five  and  ten  minute  and 
one  hour  periods,  etc. 

Table  No.  VIII  of  Mr.  Henry's  paper  gives  details  of  excessive  rain- 
fall at  Washington,  Savannah,  and  St.  Louis,  and  Table  No.  IX  gives 
maximum  intensity  of  rainfall  for  periods  of  five,  ten,  and  sixty  min- 


aThe  cause  of  rain  and  the  Btructure  of  the  atmoaphc»re,  by  Franz  A.  VeLsrhow:  Trana.  Am. 
Soc.  Civil  Eng.,  Vol.  XXXIII,  1H«),  p.  »«. 

bRaiiifikll  of  tliB  United  Stato.-i,  by  Alfred  J.  Henry,  chief  of  division:  Ann.  Rept.  Weather 
Bureau,  1896-97,  p.  317. 

o  Abfltracted  from  Mr.  Henry 'h  i>aper. 
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iites  at  the  Weather  Bureau  stations  equipixnl  witli  self-registering 
gages,  compiled  from  all  available  records.  Inasmuch  as  this  paper 
may  be  readily  referi^ed  to  in  the  publication  cited,  further  detail  is 
omitted. 

MEASUREMENT  OF  RAINFALL. 

The  subject,"  IIow  close  may  rainfall  be  measured?"  has  been  fully 
discussed  by  Prof.  Cleveland  Abbe.^  Professor  Abbe  states  that  the 
influence  of  altitude  was  first  brought  to  the  attention  of  the  learned 
world  by  Heberden  who,  in  1700,  in  a  memoir  in  the  Transactions 
of  the  Royal  Society  of  London,  stated  that  a  gage  on  Westminster 
Abbey,  over  150  feet  above  the  ground,  caught  less  than  half  as 
much  as  a  gage  at  the  ground. 

Profs.  Alexander  D.  Bache  and  Joseph  Henry,  and  Mr.  Desmond 
FitzGerald  have  studied  the  question  extensively  in  this  country. 
Mr.  FitzGerald's  results  may  be  found  in  the  Journal  of  the  Associa- 
tion of  Engineering  Societies  for  August,  1884.* 

Mr.  FitzGerald  kept  two  gages,  one  at  a  height  of  2  feet  0  inches 
above  the  level  of  the  ground,  and  the  second  at  a  distance  of  150 
feet  from  the  first,  and  at  an  elevation  of  20  feet  4  inches  above  the 
lower  gage.  Both  gages  were  14.85  inches  in  diameter.  These  gages 
were  located  at  Chestnut  Hill  reservoir,  in  the  city  of  Boston,  but  the 
observations  for  wind  velocity  were  taken  from  the  Signal  Service 
observations,  5  miles  distant.  With  only  five  exceptions  during  the 
five-year  period,  the  upper  gage  delivered  materially  less  water  than 
the  ground  gage,  the  average  difference  being  10.6  per  cent  for  the 
whole  period.  But  snowfalls  and  mixtures  of  snow  and  rain  are  not 
included  in  the  table  of  data  given  in  the  paper. 

The  results  recorded  by  Professor  Abbe  are  somewhat  more  exten- 
sive than  those  presented  by  Mr.  FitzGerald,  though  Mr.  FitzGerald 
states  in  his  paper  that  he  has  prepared  a  series  of  experiments  with 
nine  gages  and  a  self-recording  anemometer,  from  which  in  the  course 
of  time  some  more  definite  results  may  be  reached.  So  far  as  the 
writer  knows,  this  second  series  of  observations  has  not  been  pub- 
lished. 

In  order  to  show  how  the  catch  of  rainfall  diminishes  with  height  of 
the  gage,  Professor  Abbe  gives  in  his  Table  No.  IV  the  results  of  obser- 
vations at  different  places.  These  range  from  00  per  cent  of  a  gage 
at  the  ground  to  47  per  cent.  In  Tables  Nos.  I,  II,  and  III,  Professor 
Abbe  also  gives  the  result  of  various  gages,  which  gave  52  to  7  per  cent 
less  of  rainfall,  and  from  80  to  16  per  cent  less  of  snowfall,  than  gages 
at  the  ground.  Professor  Abbe  remarks  that  these  tables  show  con- 
clusively the  large  influence  of  wind  on  the  catch  of  rain,  but  show 


a  Determination  of  the  true  amount  of  precipitation  and  it«  bearing  on  theories  of  forest  in- 
flaenoes,  by  Cleveland  Abbe:  Appendix  I  of  Bulletin  No.  7,  Forest  Influences;  Forestry  Divi- 
sion, United  Statee  Department  of  Agriculture. 

bDoes  the  wind  cause  the  diminished  amount  of  rain  collected  in  elevated  rain  gages?  By 
Desmond  FitsGermld:  Jour.  Assoc.  Engineering  Societies,  Vol.  Ill,  No.  10  (August,  1884). 
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nothing  of  its  influence  on  the  cateh  of  snow.  As  an  oliservational 
method  of  obtaining  the  true  rainfall  from  gage  readings,  I^ix>fessor 
Abbe  suggests  the  following  as  offering  a  fair  approximation: 

If  the  present  gage  lias  lieeii  standing  in  an  open  field  at  a  few  feet  elevation, 
place  two  or  more  Hiuiilar  gages  near  it.  and  similarly  located  as  far  as  obstacles 
are  concerned,  except  only  that  one  of  these  is  to  be  decidedly  lower  than  the  old 
one  and  the  other  decidedly  higher.  From  a  comparison  of  the  simnltaneons  n>c- 
ords  of  any  two  gages  and  their  altitudes,  we  should  for  each  separate  rainfall, 
rather  than  for  the  monthly  and  annual  sums,  deduce  the  normal  rainfall  by  the 
solution  of  two  or  more  equations  of  the  form: 
Observe  catch  of  gage=  ( 1    x  altitude)  X  (desired  catch  of  normal  pit  gage) .     (1 ) 

Where  x  is  the  unknown  special  coefficient  of  deficiency  due  to  wind  at  that 
altitude — that  is  to  say,  having  two  gage  catches,  Ci  and  c,  for  the  two  altitudes. 
Hi  and  H, — we  obtain  the  true  rainfall  (R)  by  the  formulas: 

(\={l  -.c\/H,)  R;  and  (2) 

r,=  (l- .i-v/H,)  R.  (3) 

whence. 

If  Ci  and  Hi  relate  to  the  lower  gage,  we  shall  generally  have  o,>rt  and  H,  H-. 
and  the  coefficient  n  will  be  a  positive  fraction,  for  value  of  which,  for  such  com- 
binations as  may  easily  occur  in  practice,  a  table  is  given  in  the  paper. 

It  is  evident  then,  without  special  discussion,  that  nearly  all  rain- 
fall measurements  thus  far  made  in  the  United  States  are  only 
approximations,  and  that  while  they  remain  in  this  state  to  carry 
them  out  to  more  than  one  decimal  place  is  an  unnecessary  refinement. 

DETERMINATION   OF   MINIMUM  RAINFALL. 

The  writer  has  spent  considerable  time  in  an  attempt  to  determine 
about  what  the  minimum  rainfall  at  any  particular  station  maybe 
expected  to  be;  or,  rather,  he  has  endeavored  to  ascertain  the  rela- 
tion between  the  minimum  rainfall  and  the  maximum.  In  the  course 
of  this  quest  he  has  examined  practically  all  the  records  in  the  State 
of  New  Vork,  as  well  as  many  records  in  New  Jersey,  Pennsylvania, 
Michigan,  Illinois,  Nebraska,  Colorado,  and  Wyoming,  as  well  as  in 
C/anada.  As  a  general  rule,  to  which  there  are  some  exceptions,  the 
minimum  rainfall  may  be  placed  at  about  one-half  of  the  maximum. 
That  is,  if  the  maximum  rainfall  at  a  given  station  is  about  60  inches, 
the  minimum  will  be  in  the  vicinity  of  20  to  25  inches.  In  some  cases 
the  minimum  will  be  not  more  than  cme-third  of  the  maximum,  or 
even  somewhat  less  than  one-third ;  occasionally,  not  more  than  one- 
quarter.  It  is  not  intended,  however,  to  lay  this  down  as  an  abso- 
lutely universal  rule,  but  rather,  for  the  present,  as  a  somewhat 
imperfect  guide.  As  a  further  rotigh  guide  it  remains  to  point  out 
that  in  cfise  a  given  record  does  not  conform  substantially  to  the  fore- 
going it  may  be  assumed  that  either  the  minimum  or  the  maximum. 
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as  the  case  may  be,  is  still  to  occur.  Near  the  seacoast,  where  the 
supply  of  moisture  in  the  air  is  more  nearly  constant,  there  is  less 
variation  than  in  the  interior,  and  the  rule  that  the  maximum  is 
double  the  minimum  is  more  generally  true.  This  proposition  is  also 
generally  true  as  regards  English  meteorology. 

18   RAINFALL   INCREASING? 

This  question  has  been  discussed  by  Prof.  Mark  W.  Ilarrington,^ 
who,  however,  reached  no  very  definite  conclusion,  although  he  is 
disposed  to  answer  it  in  the  negative.  The  method  of  discussion  fol- 
lowed was  to  reduce  the  annual  rainfalls  to  a  series  of  means  of 
each  jfive  years.  These  means  were  entered  on  a  succession  of  maps, 
fiv^e  years  apart  in  time,  and  on  these  maps  was  drawn  the  line  of  40 
inches  of  annual  rainfall.  The  question  to  be  determined  is,  as  we 
draw  this  line  for  e^ich  five-year  mean.  Does  it  change  its  position  in 
any  regular  and  systematic  way? 

An  examination  of  the  detail  shows  that  while  these  lines  are  sub- 
ject to  limited  fluctuations  there  are  no  uniform  or  systematic  fluctu- 
ations. The  line  of  equal  rainfall  for  1801-18G5  occupied  nearly  the 
same  position  as  the  line  for  1886-1890.  The  variations  are  some- 
times extensive,  but  without  systematic  progress.  Professor  Har- 
rington therefore  concludes  that  with  the  data  at  hand  there  is  not 
sufficient  evidence  of  systematic  fluctuation  of  the  rainfall. 

RELATION   OF   RAINFALL  TO   ALTITUDE. 

This  matter  has  been  referred  to  in  a  discussion  of  Mr.  Noble's 
paper  on  Gagings  of  Cedar  River,  Washington,*  where  the  statement 
has  been  made  that  in  the  State  of  New  York  the  rainfall  records 
show  both  increase  and  diminution  of  precipitation  with  increase  of 
altitude.  The  Hudson  River  catchment  area  shows  a  higher  precipi- 
tation at  the  mouth  of  the  river  than  it  does  at  its  source  in  the 
Adirondack  Mountains,  while  the  Genesee  River  shows  the  opposite, 
namely,  higher  precipitation  at  its  source  than  at  its  mouth. 

According  to  a  table  of  average  monthly,  annual,  and  seasonal  pre- 
cipitation in  Mr.  Turner's  monograph  on  tlie  climate  of  New  York 
State ^  it  appears  that  the  coast  region,  which  includes  13 lock  Island, 
East  Hampton,  Setauket,  Fort  Columbus,  New  York  City,  Mount 
Pleasant,  Tarrytown,  White  Plains,  Crotou  dam,  and  North  Salem, 
has  an  average  annual  precipitation  of  44. 03  inches.  With  the  excep- 
tion of  Block  Island  these  stations  are  all  in  New  York  and  not  far 


aBainfaU  and  snow  of  the  United  Statt?«,  compiled  to  the  end  of  18»1,  with  annual,  seaaonal, 
monthly,  and  other  chart,H,  by  Mark  W.  Harringrton:  Bulletin  (\  Weather  Bureau,  U.  H.  Dept.of 
AgTioulture. 

6 Trans.  Am.  Soc.  Civil  Eng.,  Vol.  XLI,  pp.  l-Oi. 

fThe  climate  of  New  York  State,  by  E.  T.  Turner,  C.  E.,  late  meteorologist  of  the  New  York 
W€«ther  bureau:  Piftli  Ann.  Rept.  New  York  Weather  Bureau,  1898.  Reprinte<l  in  Eighth  Ann. 
Rept.  of  the  bureau,  1896. 
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from  the  coant,  and  the}'  range  in  elevation  above  tide  water  from  16 
feet  at  East  Hampton  to  3(51  feet  at  North  Salem.  The  average  ele- 
vation of  the  coast  region  is  132  feet.  The  records  vary  in  length 
from  7  years  to  49  years,  with  a  total  of  195  years.  Five  of  the  sta- 
tions are  in  Westchester  County. 

As  given  by  Mr.  Turner,  the  northern  plateau  includes  Constable- 
ville,  Lowville,  Fairfield,  Johnstown,  Pottersville,  Elizabeth  town, 
Keene  Valley,  and  Dannemora,  in  the  counties  of  Lewis,  Herkimer, 
Warren,  Essex,  and  Clinton.  According  to  the  table  the  average 
annual  precipitation  at  these  places  is  38.97  inches.  The  elevation  of 
the  stations  above  tide  ranges  from  000  feet  at  Elizabethtown  to  1,356 
feet  at  Dannemora,  with  an  average  elevation  of  973  feet.  The  records 
vary  in  length  from  4  to  2'2  years,  with  a  total  of  73  jes^rn. 

Again,  the  west<?rn  plateau,  which  includes  stations  in  Cattaraugus, 
Wyoming,  Allegany,  Steuben,  Livingston,  and  Chemung  counties,  has 
an  average  elevation  above  tide  of  1,307  feet,  ranging  from  1,950  feet 
to  525  feet,  and  has  an  average  annual  precipitation  of  35.58  inches, 
while  the  Hudson  Valley,  which  includes  stations  in  Putnam,  Orange, 
Dutchess,  Ulster,  Columbia,  Albany,  Rensselaer,  and  Washington 
counties,  has  an  average  elevation  of  230  feet  alx>ve  tide,  wi^th  an 
average  annual  precipitation  of  38. 4G  inches.  The  records  range  from 
9  years  to  65  years,  with  a  total  of  277  years. 

The  Great  Lakes  region,  with  an  average  elevation  of  494  feet,  has  an 
average  annual  precipitation  of  35.17  inches,  while  tlie  central  lake 
region,  with  an  average  elevation  of  090  feet,  has  an  average  annual 
precipitation  of  43.41  inches. 

Mr.  Turner's  table  is  based  on  a  calendar  year,  from  January  to 
December,  inclusive.  Further  data  may  be  obtained  from  this  excel- 
lent table. 

In  Table  No.  24  of  the  Upper  Hudson  Storage  Surveys  Report  for 
1896  there  is  given  the  mean  precipitation  of  the  Upper  Hudson  cat<*h- 
ment  area.  The  stations  therein  included  are:  Albany,  1825—1895,  71 
years;  Glens  Falls,  1879-1<S05,  17  years;  Keene  Valley,  1879-1895,  17 
years;  western  Massachusetts,  1887-1895,  9  years;  northern  plateau, 
1889-1895,  ^  years;  Lowville  Academy,  1827-1848,  22  years;  Johns- 
town Academy,  1828-1845,  18  years;  Cambridge  Academy,  1827-1839, 
13  years;  Fairfield  Academy,  1828-1849,  22  3- ears;  Granville  Acad- 
emy, 1835-1849,  15  years.  Assuming  the  northern  plateau  as  a  unit 
the  total  number  of  years  is  199^,  and  the  mean  of  all  is  37.4  inches. 
A  reference  to  the  rainfall  map  in  tlit*  report  of  the  United  States 
Board  of  Engineers  on  Deep  Waterways  will  show  that  this  is  neces- 
sarily an  approximation,  because  of  great  lack  of  stations  in  the 
interior  of  this  region. 

As  regards  tlu*  catclinient  area  of  the  Upper  (xenesee  River,  there 
is  a  very  decided  in<*rease  in  rainfall  as  one  goes  toward  the  soure<\ 
For  the  years  1S89-1S90,  in<*lusive,  the*  rainfall  in  the  upper  area  of 
this  stream  was  42.19  inches,  while  at  Rochester  for  the  same  years 
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it  was  35.64  inches.  This  statement  is  especially  interesting,  because 
tliere  seems  to  be  a  well-marked  line  dividing  the  smaller  rainfalls  of 
the  lower  area  from  the  higher  rainfalls  of  the  upper.  At  Hemlock 
Lake,  Avon,  and  Mount  Morris  the  rainfalls  are  all  low,  tlio  average 
at  Hemlock  Lake  from  1876-1895,  inclusive,  being  27.56  inches.  In 
1880  it  was  21.09  inches;  in  1879,  22.16  inches,  and  in  1881  only  24.36 
inches.  We  have  here  three  years  of  exceedingly  low  rainfall,  in 
whicb  the  run-off  must  have  also  been  very  low.  In  1895  the  rain- 
fall at  Hemlock  Lake  was  only  18.58  inches.  The  average  precipita- 
tion at  Avon  and  Mount  Morris  from  1891  to  1896,  inclusive,  was  30.12 
inches.  In  1895  it  was  only  25.05  inches.  The  following  are  sta- 
tions at  which  it  was  much  higher  ^or  the  yeai*s  1891  to  1895,  inclusive: 
Leroy,  45.25  inches,  and  Arcade,  41.60  inches. 

The  statements  of  precipitation  in  Genesee  River  catchment  area 
are  all  based  on  a  water  year,  December  to  November,  inclusive. 

The  following  are  from  Russell's  Meteorology,^  illustrating  Atlantic 
coast  rainfalls,  and  are  the  averages  derived  from  observations 
extending  from  1870  to  1888.  The  rainfalls  are  stated  to  be  fairly 
representative  for  large  districts  of  country  around  the  places. 

At  Jacksonville  the  weather  bureau  office  is  at  an  elevaticm  above 
tide  of  43  feet,  while  the  average  annual  rainfall  is  57.1  inches.  At 
Norfolk  the  elevation  of  weather  bureau  is  57  feet  above  tide,  and 
the  average  rainfall  is  51.7  inches.  At  Boston  the  weather  bureau 
office  is  125  feet  above  tide,  and  the  average  rainfall  is  46.8  inches. 

The  following  illustrate  the  change  as  one  goes  north  through  the 
Mississippi  Valley :  At  New  Orleans  the  weather  bureau  office  is  54 
feet  above  tide,  the  average  rainfall  62. 6  inches ;  at  St.  Louis,  weather 
bureau  office  567  feet  above  tide,  average  rainfall  37.8  inches;  at  St. 
Paul,  weather  bureau  office  850  feet  above  tide,  average  rainfall  28.9 
inches. 

The  following  illustrate  the  Rocky  Mountain  region :  At  Fort  Grant, 
Ariz.,  elevation  of  weather  bureau  4,833  feet,  average  rainfall  15.8 
inches;  at  Denver,  elevation  of  weather  bureau  5,300  feet,  average 
rainfall  14.7  inches;  at  Fort  lienton,  Mont.,  elevation  2,565  feet, 
average  rainfall  13.2  inches. 

The  followi/ig  illustrate  the  Pacific  coast  region:  At  Portland,  ele- 
vation of  weather  bureau  officii  is  157  feet,  average  rainfall  50.3 
inches;  San  Francisco,  elevation  153  feet,  average  rainfall  23  inches; 
San  Diego,  elevation  69  feet,  average  rainfall  10.2  inches. 

These  figures  abundantly  support  the  proposition  that  in  the  United 
States  the  rule  of  increased  precipitation  with  higher  altitude  is  by 
no  means  universal.  The  writer  can  not  say  positively,  iK^cause  he 
has  not  examined  tlie  vast  nnnibc*!*  of  records  with  reference  to  this 
point,  but  h(»  thinks  it  ([uite  p()ssi))le  that  the  revei'se  is  more  nearly 
true.     That,  is,  owing  to  distance  from  the  ocean,  prevailing  direction 
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of  wind,  and  other  causes,  it  is  probable  that  for  the  entire  country 
precipitation  decreases  with  higher  altitude  rather  than  increases. 

The  decision  of  this  question  will  depend  to  some  extent  upon  the 
steepness  of  ascent.  Thus  on  Mount  Washington,  which  is  projec*ted 
into  the  air  far  above  the  surrounding  mountains,  the  rainfall  is 
about  83  inches.  In  other  cases,  where  the  ascent  is  gradual,  no 
increase  is  apparent.  The  same  is  also  frequently  true  of  sharp 
ascents.  On  Longs  Peajc,  in  Colorado  (elevation  14,271  feet),  the 
rainfall  in  1890  was  16.7  inches. 

Morever,  the  writer  has  mostly  avoided  comparatively  small  differ- 
ences in  rainfall — those  not  exceeding  2  to  2.5  inches.  In  such  ca.ses 
the  difference  is  too  small  to  be  any  certain  guide.  Especially  is  this 
true  in  the  case  of  the  northern  plateau,  where  there  is  still-  a  great 
lack  of  stations.  The  differences  between  high  altitudes  and  low 
should  be  as  much  as  5  or  6  inches.  Again,  whether  the  excess  rain- 
fall occcurs  in  the  winter  or  summer  months  must  be  taken  into 
account.  If  it  occurs  in  the  summer,  even  3  inches  of  rainfall  may  not 
make  more  than  0.1  or  0.2  inch  in  the  stream.  Rainfall  and  run -off 
observations  are  not  yet,  nor  are  they  likely  to  ever  be,  definit4* 
enough  to  take  into  account  an  annual  difference  of  much  less  than 
about  1  to  1.5  inches.  Again,  the  writer  has  ceased  to  be  excessively 
particular  about  the  total  of  the  annual  rainfall.  Assuming  some 
considerable  length  of  record,  small  errors  have  I'elatively  slight 
effect.  This  matter  is  referred  to  here  because  nearly  all  rainfall 
records — at  any  rate  in  the  United  States — have  more  or  less  error  in 
them,  and  while  it  is  desirable  to  have  records  as  reliable  as  jKJSsible, 
a  few  errors  do  not  affect  a  record  very  seriously.  It  is  nevertheless 
very  desirable  to  know  the  history  of  the  record  in  order  to  insure 
the  degree  of  confidence  to  be  placed  in  it. 

MAP  OF  AVERAGE  RAINFALL  IN  THE   STATE   OF  NEVT   YORK. 

On  PI.  XCVIII  of  the  Report  to  the  United  States  Board  of  Engi- 
neers on  Deep  Waterways,  the  writer  has  given  the  average  rainfall 
at  a  large  number  of  stations  throughout  the  State  v  f  New  York. 
When  this  map  was  prepared  considerable  time  was  expended  in 
drawing  lines  of  equal  rainfall  upon  it,  but  so  many  discrepancies 
appeared  that  it  was  finally  concluded,  for  the  present,  that  it  should 
be  allowed  to  strand  without  such  lines.  The  only  way  these  contours 
could  be  drawn  with  any  satisfaction  was  to  omit  stations  which  c*>n- 
flicted  too  much  therewith.  This,  the  writer  did  not  feel  justified 
in  doing.  The  observations  are  not  extensive  enough  to  enable  one 
to  draw  these  lines. 

DIVISION  OF   RAINFALL  AND   RUN-OFF  INTO  STORAGE,  ORCWnNQ,    AND 

REPLENISHING  PERIODS. 

The  writer  has  found  it  very  convenient  to  divide  rainfall  and  run- 
off records  into  the  three  periods,  those  of  storage,  growing,    and 
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^  ^^  -^^Cifj.  *  P'    J^  »  water  year  beginniug  December  1  and  ending 

.  ^^^'^^ts  * ''  ^^e/.   ^^  storage  period  includes  the  months  from  Decem- 

am^^jj  ^^      -05  ^  ^ive,  during  which  the  evaporation  and  absorption 

^    S'ro^r'^^   ,  ^tively  slight,  and  a  very  large  proportion  of  the 

period  of  ^    ^f^       ^^  thie  streams. 

plants  are  m    ^^^   ^>oriod,    June    to  August,   inclusive,   includes    the 

tAan  0.2  Qf  th^^^  veg-etation,  when  evaporation   and  absorption  by 

more   tban  n  ^^otal>le.     During  this  period,  frequently  not  more 

and  low  ./?     •       ^s.  ^iri:fa.ll  appears  in  the  streams,  and  sometimes  not 

ih        -  ^^^^4^w  '^    ov^on    less.     Ground  water  tends  to  become  lower 

^^ge.  '^^      this  j>eriod,  unless  the  rainfall  is  much  higher  than 

In  tlierepieD:^ 

the  normal  ra/ii^^-,^   ^^rxin^  j>eriod,  September  to  November,  inclusive,  with 
larger  than  iu  t^i^^^^il*    gTOund  water  tends  to  recover,  and  the  run-off  is 
this    that  there  ^^^     j>r-oo<^<3Ling  period.     This  period  is  replenishing  in 
\r>  isfd  W      "^  '^   i^    t^n^i^^^cy  to  return  to  normal  conditions. 

rleOdi^^   ^^^t^t*    rxxlo,    however,  can  be  laid  down  as  to  the  begin- 

wlUgiU  ^^^    of    t:l:K^s^  periods.     In  some  j'ears  the  beginning  of  the 

wate^'^^^^'^^XiXcl-    l>^    i>l«.ced  at  November  1,  instead  of  December  1, 

N'jVWb  ^^     '^^     'fcfc^     sH-or^'i^e  period  may  end  with  April.     Very  often, 

^'yoit\\^         irxt>o    «,!! other,  but  after  considerable  study  the  fore- 

•      Avv^^^'tXto  Vm^^x^*?*    T>oon  accepted  as,  on  the  whole,  best  represent- 

^^^^^    'Oss?*^'^^^^'  -tioris .         I  *^  England  many  hydrologists  begin  the  water 

VTv^m  .^N^         Tt\\>^^  ^    ^^^  l)est  suiting  the  conditions.     The  same  thing 

y^at^  V  tTie   ^Philadelphia  water  department  in  tabulating  the 

iwv^     ^^^^  .       ^      T7>efTltiomen,  Tohickon,  and  Wissahickon  creeks 

^^   ^iv^    .  rlvaTLi:^^^^    ^^  dividing  records  into  these  periods  is  as 

f^^       gV^^       evaT>o^**'^^^^  ^^^  plant  absorption  are  light  during  the 

Tv^;  ^^^y^      storetg^    period,  it  follows  to  a  great  degree  that  the 

^  >k    v^  ^^  iver  ^wliic^  can  be  stored  is  exhibited  by  the  rainfall  of 

V  t  ^^  ^        itlis-        B,ealizing  this  fact,  it  has  been  the  writer's  habit 

^  r**^^    ^    «.TS    i»^    storage  projects,  to  first  tabulate  rainfall  in  the 

^1-B.l  >  ^    tie  A.       Such  procedure  has  the  advantage  that  it  leads 

T  ^^    ^  '       t>lie  oontemplation  of  mere  detail.     There  is  a  positive 

^^y  -        coTisid^i'iiig  the  monthly  quantities,  for  which  there 

'^-*^^^  ^^    fiu^tioTi.       The  division  into  the  three  periods  exhibits  the 

^^^^  x^  (^Vi^aracteristics  without  overburdening  the  mind.     It 

Vnxpo  ^  considerable  advance  on  ordinary  practice  has  been 

^^f'^YOceediTiiC  in  the  manner  stated. 

TIM-B    REQUIRED   TO    MAKE   GOOD   A   SERIES   OF  RAINFALL 
y^^   ^  RECORDS. 

stion  is  partially  answered  in  the  writer's  second  report 
/j7l3.i^  ^  Hudson  Storage  Surveys,  for  1896,  by  a  short  analysis 
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of  a  paper  by  Alexander  R.  Binnie,  member  of  the  Institution  of  Civil 
Engineers.  <* 

One  of  the  important  problems  worked  out  by  Mr.  Binnie  is  an 
answer  to  this  question:  What  is  the  least  number  of  j'^ears  of  which 
the  continuous  record,  when  the  average  rainfall  has  been  determined, 
will  not  be  materially  affected,  so  far  as  the  value  of  the  mean  is 
concerned,  even  if  the  record  be  extended  by  a  greater  number  of 
years'  observations?  Also,  What  is  the  probable  accuracy  of  any 
record  the  length  of  which  is  less  than  that  necessary  to  give  an  aver- 
age which  will  not  be  materially  altered  when  the  record  is  extended? 

Space  will  not  be  taken  to  show  Mr.  Binnie's  views  in  detail^  for 
which  reference  may  be  made  to  the  abstract  in  the  second  Hudson 
report,  or,  for  the  complete  views,  to  the  paper  in  the  Proceedings  of 
the  Institution  of  .Civil  Engineers,  but  assuming  that  the  observations 
are  properly  made  it  is  stated  that  "dependence  can  be  placed  on 
any  good  record  of  thirty-five  years'  duration  to  give  a  mean  rainfall 
correct  within  2  per  cent  of  the  truth." 

Further,  it  can  be  stated  that  for  records  from  twenty  years  to 
thirty-five  years  in  length,  the  error  may  be  expected  to  vary  from 
3.25  per  cent  down  to  2  per  cent,  and  that  for  the  shorter  periods  of 
five,  ten,  and  fifteen  years,  the  probable  exti-^me  deviation  from  the 
mean  would  be  15  per  cent,  8.25  per  cent,  and  4.75  per  cent,  respec- 
tively. 

A  twenty  years'  record,  therefore,  may  be  exi)ected  to  show  an 
error  of  3. 24  per  cent.  This  is  about  as  close  as  rainfall  i-ecords  in 
this  country  can  ]ye  expected  to  agree,  as  comparatively  few  are  much 
beyond  twenty  years  in  length. 

In  his  paper  on  the  Rainfall  of  the  United  States,  Mr.  Henry  has 
examined  this  question,  using  long  records  at  New  Bedford,  St.  Ix>uis, 
Philadelphia,  Cincinnati,  and  other  places.  The  rainfall  haA  been 
measured  at  New  Bedford  for  83  consecutive  j'ears,  and  at  St.  Ix>uis 
for  60  years.  For  a  10-year  period  Mr.  Henry  found  the  following 
variations  from  the  normal:  At  New  Bedford  -h  10  per  cent  and  —  11 
per  cent;  at  Cincinnati,  -h  20  per  cent  and  — 17  per  cent;  at  St.  Louts, 
-f  17  per  cent  and  —  13  per  cent;  at  Fort  Leavenworth,  +  16  per  cent 
and  —  18  per  cent;  and  at  San  Francisco,  +  9  per  cent  and  —  10  per 
cent.  For  a  25-year  period,  it  was  found  that  the  extreme  variation 
was  10  per  cent,  both  at  St.  Louis  and  New  Bedford.  Mr.  Henry 
reached  the  conclusion  that  at  least  35  to  40  years'  observations  are 
required  to  obtain  a  result  that  will  not  depart  more  than  ±  5  per  ce:it 
from  the  true  normal.  The  average  variation  of  a  35-year  pericxl  was 
found  to  be  it  5  per  cent,  and  for  a  4()-year  period  ±  3  per  cent. 

This  preliminary  study  indicates  slightly  more  rau're  than  was  found 


nOn  mean  or  average  rainfall  and  the  flnctiiations  to  which  it  is  Bnbje<%  by  Alexander  B. 
Binni«*,  Innt.  C.  E.:  Pro<".  InBt.  C.  E.,  Vol.  OIX  ( ISitt).  pp.  H9-172. 
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by  Mr.  Binnie,  although  it  may  be  remembered  that  the  observations 
of  the  latter  are  far  more  extensive  than  Mr.  Henry's. 

Again,  since  the  run-off  is  a  function  of  the  rainfall,  it  follows  that 
it  must  be  affected  in  some  degree  in  a  similar  manner.  As  to  just 
the  relation,  so  far  as  known,  very  few  computations  have  been  made. 
Indeed,  very  few  run-off  tabulations  are  extant  which  are  long  enough 
to  settle  this  question.  It  is  clearly,  therefore,  very  difficult  to  solve 
definitely  so  abstruse  a  problem  as  that  of  the  extent  to  which  forests 
affect  rainfall.  All  solutions  are  necessarily,  and  will  be  for  some 
time  to  come,  tentative  in  their  character. 

RUN-OFF. 

THE   LAWS   OF  STREAM  FLOW. 

A  general  statement  of  these  laws  from  Mr.  Vermeule  is  as  follows: 

The  'waters  of  the  earth  are  taken  np  by  the  process  which  we  call  evaporation 
and  formed  into  clouds,  to  be  again  precipitated  to  earth  in  the  form  of  rain  or 
snow.  Of  the  water  which  falls  upon  the  basin  of  a  stream,  a  i>ortion  is  evapo- 
rated directly  by  the  snn;  another  large  portion  is  taken  up  by  plant  growth  and 
mostly  transpired  in  vapor;  still  another  iwrtion,  large  in  winter  but  very  small 
in  samnier,  finds  its  way  over  the  surface  directly  into  the  stream,  forming  sur- 
face or  flood  fiows:  finally,  another  part  sinks  into  the  ground,  to  replenish  the 
great  reservoir  from  which  plants  are  fed  and  stream  flows  maintained  during  the 
IH?riod8  of  slight  rainfall,  for  the  rainfall  is  frequently,  for  months  together,  much 
less  than  the  combined  demands  of  evaporation,  plant  growth,  and  stream  flow. 
These  demands  are  inexorable,  and  it  is  the  ground  storage  which  is  called  upon 
to  snpply  them  when  rain  fails  to  do  so. 

Ail  of  these  ways  of  disposing  of  the  rain  which  falls  upon  the  earth  may  be 
classed  as  either  evaporation  or  stream  flow.  Evaporation  we  make  to  include 
direct  evaporation  from  the  surface  of  the  earth,  or  from  water  surfaces,  and  also 
the  water  taken  up  by  vegetation,  most  of  which  is  transpired  as  vapor,  but  a 
I)ortion  of  which  is  taken  permanently  into  the  organisms  of  the  plants.  Stream 
flow  includes  the  water  which  passes  diret^tly  over  the  sur  ace  to  the  stream,  and 
also  that  which  is  temporarily  absorbed  by  the  earth  to  be  slowly  discharged  into 
the  streams.  A  portion,  usually  extremely  small,  passes  downward  into  the  earth 
and  appears  neither  as  evaporation  nor  as  stream  flow.  It  is  usually  too  small  to 
be  considered,  and  we  may  for  our  purposes  assume  that  all  of  the  rain  which  falls 
upon  a  given  watershed  and  does  not  go  off  as  stream  flow  is  evaporated,  using 
the  latter  word  in  the  broadened  sense  which  we  have  above  described. 

P^robably  one  very  important  effect  of  forests  is  that  upon  the 
ground-water  flow  of  streams.  Tlie  stream  with  a  catchment  area 
wholly  or  largely  in  forests  will  show,  without  exception,  a  much  bet- 
ter ground  flow  than  one  with  the  area  denuded  of  forests.  Nesham- 
iny  and  Tohickon  creeks  may  be  cited  as  streams  with  the  smallest 
amount  of  forest  and  the  lowest  curve  of  ground-water  flow.  Pos- 
sibly this  is  not  entirely  due  to  forests,  but  it  may  be  assumed  that 
thej'  bear  some  ivlation  to  the  result.'' 

oEzampleB  of  ground-water  curves  for  tlio  chiet  streauiH  herein  considertnl  may  bt<  found  in 
Mr.  Vermeule's  report  on  the  flow  of  streams,  etc.,  in  Final  Kept.  State  Oeologrist  of  New  Jer- 
Hoy,  Vol.  m.    Trenton,  18M. 
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UNITS  OF  MEASUREMENT. 

Clemens  Herschel,  member  American  Society  Civil  Engineers,  in 
his  paper  on  Measuring  Water,^  has  defined  the  essential  elements  of 
this  question  in  the  following  terms: 

For  most  puri)08es  the  iinit  of  volume,  when  nging  English  measures,  has  been 
agreed  upon  in  favor  of  the  cubic  foot,  and  the  nations  of  the  earth  being  fortu- 
nately agreed  upon  their  measures  of  time,  have  settled  upon  one  second  of  time 
as  the  unit  to  use  in  measuring  water.  Nevertheless,  the  million  United  States 
gallons  in  twenty-four  hours  has  become  a  standard  for  city  water  snpply  prac- 
tice in  the  United  States,  and  an  acre  in  area  covered  an  inch  or  a  foot  deep  in  a 
month  or  in  a  year  is  used  in  irrigation  practice.  But  I  would  warn  all  engineers 
to  be  very  slow  to  add  to  the  number  of  such  standards  of  measure  for  flowing 
water,  and  to  abstain  from  and  frown  down  such  absurd  standards  as  cubic  yards 
per  day,  or  tons  weight  of  water  per  day,  or  even  cubic  feet  per  minnte  (instead 
of  second),  and  other  incongruities.  *  •  •  As  exercises  in  the  art  of  arithme- 
tic for  children  such  computations  may  have  value,  but  in  the  work  of  civil  engi- 
neers they  become  a  stumbling  block  to  an  advance  of  knowledge,  and  while 
unduly  magnifying  the  unessentials  they  indicate  a  deplorable  lack  of  apprecia- 
tion of  the  essentials  of  the  art  of  the  civil  engineer. 

Cubic  measures  do  well  enough  for  the  contents  of  vessels,  or  as  we  may  express 
it,  for  dealing  with  the  science  of  hydrostatics.  But  so  soon  as  the  water  to  be 
measured  is  in  motion,  or  so  s(X)n  as  the  science  of  hydraulics  has  been  entered 
upon,  we  must  get  clearly  in  our  minds  the  idea  of  rates  of  flow,  or  of  a  proces- 
sion of  such  cubic  volumes  passing  a  given  point  in  a  certain  unit  of  time,  as  of  a 
flow  of  so  many  cubic  feet  per  second. 

Very  little  can  be  added  to  what  Mr.  Herschel  has  here  said.  It  i.s 
a  clear  exposition  of  the  whole  subject.  Such  unit«  as  cubic  feet  per 
day  and  cubic  miles  have  clearly  no  place  in  a  modern  paper  on 
hydrology. 

The  unit  of  inches  on  the  catchment  area  may,  however,  be  pointed 
out  as  an  exception  to  the  foregoing  general  rule.  This  unit  is 
exceedingly  convenient  because  it  admits  of  expressing  rainfall  and 
run-oflf  in  the  same  unit  and  without  reference  to  the  area.  It  brings 
out  a  number  of  relations  not  otherwise  easily  shown,  as  w^ill  be  exliib- 
ited  in  discussing  the  tables  accompanying  this  paper. 

MINIMUM   FLOW   OF  STREAMS. 

Very  little  can  be  added  to  our  knowledge  of  the  minimum  flow  of 
streams  beyond  vvhat  has  already  been  stated  in  Water  Supply  and 
Irrigation  Paper  No.  24,  Water  Resources  of  the  State  of  New  York, 
Part  I,  which  applies  particularly  to  streams  in  the  State  of  New 
York.  Summarizing  the  information  there  given,  we  may  say  that 
for  streams  issuing  from  regions  of  heavy,  compact  soil,  mostly 
deforested,  the  extreme  mini  mums  are  likely  to  run  as  low  as  0.1  of  a 
cubic  foot  per  square  mile  per  second.  They  may  ev'en  in  an  extreme 
dnmght  go  as  low  as  0.05  of  a  cubic  foot  per  square  mile  per  second. 


n  MeoBurinK  Water,  l>y  (^lemeiiM  Herwhel;  An  address  to  the  students  of  Renaselaer  Polytech 
nic?  Institute,  Troy,  N.  Y. 


HArTTO.]  BUN-OFF.  21 

Oswego  River,  by  reason  of  large  lake  pondage,  has  a  inininunn  flow  of 
about  0.3  of  a  cubic  foot  per  square  mile  per  second.  For  a  similar 
reason  the  Upi)er  Hudson  will  not  usually  go  less  than  0.3  of  a  cubic 
foot  per  square  mile  per  second,  although  in  the  summer  of  1899  it 
pro])ably  did  not  exceed  0.2  of  a  cubic  foot  per  square  mile  per  second. 
This,  however,  was  unusual.  The  sti^eams  of  Long  Island,  issuing 
from  sand  plains,  may  be  expected  to  give  minimum  flows  of  from  0.5 
to  0. 6  of  a  cubic  foot  per  square  mile  per  second.  The  Streams  of  the 
northern  part  of  New  York,  issuing  from  denser  forests  than  the 
others,  also  give  minimum  yields  somewhat  in  excess  of  0.3  of  a  cubic 
foot  per  square  mile  per  second.  The  streams  tributary  to  Mohawk 
River,  on  the  south  side  of  the  valley,  will  give  minimum  flows  of  not 
more  than  one-half  of  what  the  streams  tributary  on  the  north  side 
give.  As  to  the  streams  of  the  far  West,  many  of  them  are  fre- 
quently dr3^  for  several  months  at  a  time.  A  typical  stream  of  this 
character  is  the  Platte  River,  with  a  catchment  area  at  Columbus, 
Nebr.,  of  56,867  square  miles.* 

CHARACTERISTICS  OF  THE  MINIMUM  RUN-OFF. 

Since  the  rainfall  varies  so  widely,  the  run-off,  which  is  a  function 
of  the  rainfall,  will  also  vary  widely.  On  the  Hudson  River  the  max- 
imum run-off  of  33.08  inches,  with  a  rainfall  of  53.87  inches,  occurred 
in  1892.  The  minimum,  with  a  run-off  of  17.46  inches  and  a  rainfall 
of  36.37  inches,  occurred  in  1895.  On  the  Genesee  River  the  observed 
maximum  rainfall  of  47.79  inches,  with  a  run-off  of  19.38  inches, 
occurred  in  1894.*  The  minimum  rainfall  of  31  inches,  with  a  mini- 
mum run-off  of  6.67  inches,  occurred  in  1895.  These  figures  of  rain- 
fall indicate  that  either  the  extreme  maximum  or  the  extreme  minimum 
rainfall  has  not  yet  occurred  on  the  catchment  area  of  this  stream. 

On  the  Muskingum  River  the  maximum  rainfall  thus  far  observed 
is  56. 97  inches,  with  a  maximum  run-off  of  26.84  inches,  which  occurred 
in  1890.  The  observed  minimum  rainfall  of  29.84  inches,  with  the 
corresjwnding  minimum  run-off  of  4.9  inches,  occurred  in  1895.  It  is 
also  doubtful  if  either  the  extreme  maximum  or  the  extreme  minimum 
rainfall  has  been  yet  observ^ed  on  the  catchment  area  of  this  stream. 
As  to  whether  the  rainfall  will  go  lower  there  is  no  certain  way  of 
determining.  Moreover,  4. 9  inches  seems  a  very  low  run-off — and  the 
run-off  is  not  likely  to  be  less  than  this  figure.  However,  the  run-off 
in  any  year  depends  very  largely  on  the  rainfall  of  the  months  from 

o  For  an  eztensiye  list  of  streams  of  which  the  maximum  and  minimum  flows  are  given,  the 
following  may  be  consulted: 

(1)  Water  Power  of  the  United  States,  Tenth  Census,  Vol.  I,  pp.  XXVIU  and  XXIX. 

(2)  Twentieth  Ann.  Rept.  U.  8.  Geol.  Survey,  Part  IV,  Hydrography,  pp.  46-63. 

(3)  Report  on  water  supply,  water  power,  the  flow  of  streams  and  attendant  phenomena,  by 
Cornelius  C.  Vermeule:  Final  Report  State  Geologist  of  "New  Jersey,  Vol.  III. 

bin  the  combined  Oenesee  River  and  Oatka  Croek  recoi'd  the  maximum  run-o£F  of  21.22  inches 
occurred  In  18B0,  when  the  rainfall  is  placed  at  47.54  inches.  This,  however,  is  lass  reliable  than 
the  ralnfaU  and  ron-off  of  1894,  which  latter  is  accordingly  given  the  preference. 
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December  to  May,  inclusive.  There  may  possibly  he,  therefore,  a 
lower  annual  run-off  than  4.0  inches,  even  though  the  total  rainfall 
should  exceed  29.84  inches.  The  rainfall  for  December  to  May, 
inclusive,  was  13.04  inches.  The  run-off  for  that  period  was  4.04 
inches. 

DIVISION   OF  STREAMS  INTO   CLASSES. 

The  foregoi^^g  statements  indicate  that,  as  regards  run-off,  streams 
of  the  eastern  part  of  the  United  States  may  be  divided  into  classes. 
In  the  first  class  will  fall  streams  where  the  maximum  rainfall  is  from 
50  to  60  inches,  with  corresponding  run-off  somewhat  more  than  one- 
half  of  the  rainfall.  The  minimum  run-off  will  be  about  one-half  the 
rainfall,  or  a  little  less.  These  st-atements,  it  may  be  again  rei>eat^, 
ai'e  general  ones,  to  which  there  are  exceptions. 

Another  class  of  streams,  of  which  the  Genesee  and  Muskiugnm 
rivers  are  typical,  are  those  with  maximum  rainfall  on  their  catch- 
ments of  40  to  50  inches  and  with  corresponding  run-off  somewhat 
less  than  one-half  the  rainfall.  The  minimum  run-off  for  these  streams 
is  from  one-fourth  to  one-sixth  of  the  corresponding  rainfall,  or  from 
about  10  per  cent  .to  25  per  cent. 

A  further  class,  the  far  Western  streams,  may  be  mentioned,  in 
which  the  run-off  is  only  a  very  small  percentage  of  the  rainfall,  in 
some  cases  not  more  than  4  per  cent  to  5  per  cent,  or  at  times  even 
less.  Probably  comprehensive  study  would  further  subdivide  these 
streams,  but  the  intention  at  present  is  to  merely  call  attention  to 
some  of  the  more  marked  peculiarities  as  a  basis  for  final  detailed 
study. 

If  one  takes  the  streams  of  the  far  West,  as,  for  instance,  Lioup 
River,  in  Nebraska,  with  a  catchment  area  of  13,542  square  miles, 
where  the  rainfall  in  1894,  observed  at  24  stations,  was,  on  an  avera^re, 
only  12.84  inches  and  the  run-off  of  the  stream  did  not  much  exceed  1 
inch,  he  will  find  entirely  different  conditions  from  those  above  stated. 
In  many  cases  streams  in  that  locality  run  much  less  than  1  inch. 
For  instance,  the  South  Platte,  at  Denver,  Colo.,  in  1896,  with  a  rain- 
fall of  11.84  inches,  ran  0.62  inch.  The  catchment  area  at  this  place 
is  3,840  square  miles.  At  Orchard,  Colo.,  the  South  Platte,  in  1898, 
with  a  rainfall  of  about  17  inches,  ran  0.9  inch.  The  catchment  area 
at  this  place  is  12,260  square  miles.  The  Republican  River,  at  Junc- 
tion, Nebr.,  with  a  rainfall  of  about  26  to  28  inches,  in  1898,  ran  0.39 
inch.     The  catchment  here  is  25,837  square  miles  in  extent. 

The  foregoing  statements  indicate  the  essential  truth  of  the  propo- 
sition already  announced  that,  broadly,  each  stream  is  a  law  unto 
itself.  Any  formula,  for  either  maximum,  average,  or  mean  run-off, 
which  does  not  take  this  into  account  is  incomplete. 

ESTIMATION   OF  RUN-OFF   FROM  RAINFALL  DIAGRAMS. 

Can  run-off  of  streams  be  estimated  from  diagrams  of  monthly  rain- 
fall?   The  writer  has  spent  considerable  time  on  this  problem  without 
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arriving  at  any  very  satisfactory  conclusion.  For  some  niontlis  siicli 
ailia^rani  may  be  made  to  iit  quite  closely,  while  for  others  differ- 
ences of  as  much  as  2  or  3  inches  appear.  The  conclusion  of  the 
writer  is,  therefore,  that  such  diagrams  are  at  the  best  crude  approxi- 
mations. Such  study  is,  however,  very  fascinating,  and  it  is  not  sur- 
prising that  different  hydrologists  have  attempted  at  various  times  its 
solution.  Two  lines  of  work  may  be  mentioned.  One  is,  by  a  com- 
bination of  a  large  number  of  streams  and  their  rainfall,  to  attempt 
to  produce  a  universal  formula.  This,  however,  as  has  been  already 
shown,  leads  to  what  is,  in  effect,  a  hodgepodge.  Averages  so  applied 
"bring  out  class  likenesses,  to  the  exclusion  of  individual  features." 
The  other  method  is  to  plat  rainfall  and  run-off  appearing  monthly 
in  inches,  as  abscissas  and  ordinates,  respectively,  and  in  this  way  to 
preserve  the  individual  peculiarities  of  each  stream.  In  some  respects 
the  most  satisfactory  way  is  to  plat  the  rainfall  and  run-off  of  the 
storage,  growing,  and  replenishing  periods,  thus  grouping  similar 
characteristics. 

STORAGE  IN   LAKES. 

The  run-off  of  a  stream  is  very  materially  influenced  by  the  numl)er 
of  lakes  within  its  catchment  area.  If  there  are  many,  flood  flows 
may  be  expected  to  be  very  much  smaller  than  they  otherwise  would 
be.  The  temporarj^  pondage  in  the  lakes  is  the  cause  of  this.  The  * 
Osw^ego  River  is  a  stream  of  this  character.  This  stream  has  a  total 
(*atc*hment  area  of  5,002  square  miles,  with  something  like  530  square 
miles  of  area  of  water  surfaces — lakes,  flats,  and  marshes.  It  appears, 
therefore,  that  the  total  area  of  water  surfaces,  flats,  and  marshes  is 
about  10.6  per  cent  of  the  whole.  The  following  lakes,  ponds,  and 
marshes  are  included  in  this  catchment  area:  Canandaigua,  Keuka, 
Seneca,  Cayuga,  Owasco,  Skaneateles,  Otisco,  Cross,  Onandaga,  Caze- 
novia,  Oneida,  and  Montezuma  Marsh,  together  with  a  consideral)le 
number  of  miscellaneous  small  ponds  and  broad  flat  valleys. 

To  illustrate  how  these  great  natural  reservoirs  tend  to  prevent 
floods  it  may  be  mentioned  that  the  configuration  of  Cayuga  outlet, 
with  relation  to  Clyde  River,  is  such  that  frequently  when  there  are 
heav^'  rainfalls  in  the  catchment  area  of  Clyde  River  the  entire  flood 
flow  of  Clyde  River  is  discharged  into  Cayuga  Lake,  without  affecting 
Seneca  River  below  the  mouth  of  Clyde  River  at  all.  It  is  undoubt- 
edly due  to  this  fact  that  fall  floods  on  Oswego  River  are  almost 
entirely  unknown. 

The  evaporation  of  Oswego  River  catchment  area  is  exceedingly 
large — about  28  inches — whence  it  results  that  the  run-off  from  a 
mean  annual  rainfall  of  from  36  to  37  inches  does  not  exceed  about 
9  or  10  inches.  Owing  to  the  large  lake  pondage  the  flood  flows  of 
this  stream  do  not  often  exceed  about  6  cubic  feet  per  square  mile  per 
second.^ 


oSee  report  to  the  United  States  Boani  of  EujpineerH  on  Deep  Waterways  for  extended  dte- 
cvaakyn  on  Oswego  River. 
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COMPUTATION  OF  ANNUAL  RUN-OFF. 

No  general  rule  can  be  formulated  for  computing  annual  nin-off. 
The  formulas  of  Mr.  Vermeule  are  excellent  formulas  of  the  purely 
(empirical  class,  applying  fairly  well  to  many  streams  in  tlie  north- 
eastern part  of  the  Ignited  States,  but  they  do  not  appl^^  at  all  to 
streams  of  the  Middle  West  and  Far  West.  Nor  do  they  apply  to 
some  streams  in  the  northeastern  section.  Nevertheless,  they  take 
into  account  the  ground  water,  and  are  the  most  useful  formulas  thus 
far  devised.  It  may  be  mentioned  that  Mr.  Vermeule  especially  dis- 
claims any  intention  of  working  out  any  formulas  applying  outside  of 
the  State  of  New  Jersey.  His  general  formula  is  in  the  nature  of  a 
suggestion. 

DISCREPANCIES  IN   COMPUTATION   OF  RUN-OFF. 

In  computing  the  run-off  of  various  streams  small  discrepancies 
will  continually  appear,  and  when  such  do  not  exceed  1  to  2  inches 
they  are  outside  the  limit  of  discussion.  The  question  does  not 
admit  of  such  minuteness  as  to  permit  the  discussion  of  small  dif- 
ferences, although  a  difference  of  2  inches  on  several  thousand  square 
miles  would  be  much  more  serious  than  on  the  usual  municipal  catch- 
^ment  area  of  from  20  to  100  square  miles.  The  size  of  the  CAtcliment 
area  should,  therefore,  in  this  particular  be  taken  into  account. 

Moreover,  the  run-off  of  streams  has  thus  far  been  almost  univer- 
sally overestimated.  Only  a  few  are  really  down  to  the  actual  fact. 
Probably  in  no  department  of  professional  work  are  there  more  things 
to  be  taken  into  account  than  here. 

ACTUAL   G AGINGS   PREFERABLE   TO   GENERAL   STUDIES. 

While  on  the  general  subject  of  the  computation  of  run -off  the 
writer  may  repeat  what  he  has  said  in  his  report  to  the  United  States 
Board  of  Engineers  on  Deep  Waterways,  viz : 

The  data  for  estimating  the  water  supply  of  a  large  canal,  especially  when  on  a 
large  scale,  should  be  based,  when  such  data  are  available,  upon  actual  gagings 
of  streams,  rather  than  on  general  considerations  derived  from  study  of  the  rain- 
fall alone.  An  examination  of  a  large  number  of  estimates  of  canal  water  sup- 
plies, based  on  the  usual  method,  shows  that  rainfall  data  alone  are  in  close  cases 
inadequate  for  solving  a  water-supply  problem  of  the  magnitude  of  the  one  now 
under  consideration.  When,  however,  actual  gagings  of  the  streams,  extending 
over  a  sufficient  number  of  years,  are  available,  there  is  no  reason  why  a  water- 
supply  problem  on  a  large  scale  may  not  be  worked  out  with  the  precision  of  a 
proposition  in  mathematics. 

What  is  here  said  in  regard  to  water  supples  for  canals  is  equally 
true  as  regards  all  other  water  supplies,  either  municipal  or  for 
water  power,  etc.     Further  on  in  the  same  chapter  it  is  state<l : 

It  is  not  intended  to  say,  however,  that  rainfall  data  are  not  of  use  in  a  hydrtv 
logic  discussion.     When,  as  in  the  present  case,  in  addition  to  stream  gagings  an 


K  AFTER.]  BUN-OFF.  25 

extended  series  of  such  data  are  available,  the  argument  is  made  doubly  good  and 
the  demonstration  strengthened. 

When  records  of  gagings  are  available  the  coiuputation  becomes 
very  simple.     It  is  merely  a  matter  of  simple  addition  an^  snbstraction. 

The  ciomplete  data  required  in  oixler  to  compute  the  safe  possible 
vield  of  a  stream  are  as  follows: 

1 .  The  catchment  area. 

2.  The  rainfall  of  the  minimum  year,  as  well  as  for  a  series  of 
ye^rs. 

3.  A  ground-water  diagram  of  the  stream  or,  lacking  such,  a  dia- 
grram  for  a  neighboring  stream  lying  in  the  same  or  a  similar  geo- 
logic formation,  and,  so  far  as  possible,  with  similar  conditions  of 
forestation. 

4.  The  available  storage  capacity  of  the  stream. 

5.  The  loss  by  water  surface  evaporation  from  the  reservoirs, 
together  with  an  estimate  of  the  loss  by  percolation. 

The  data  required  for  ordinary  computations  may  be  frequently 
limited  to  the  totals  of  the  storage,  growing,  and  replenishing  periods^ 
although  when  ground  water  is  to  be  taken  into  account  the  monthly 
data  should  be  given.  The  accompanying  tables,  Nos.  1  to  12,  inclu- 
sive (pages  85-98),  illustrate  how  such  information  may  be  placed  in 
form  for  convenient  use. 

FORMULAS  FOR  RUN-OFF. 

At  the  risk  of  being  considered  somewhat  elementary  the  writer  will 
give  the  more  important  of  the  formulas  for  run-off,  expressed  in  terms 
of  inches  on  the  catchment  area. 


Whence  we  deduce, 


Also, 


and 


nXQX  86400X12 
^'"■"  Ax 640x43500  ^^^ 


_       ?ixQxC,  , 

Im=  ^     —  (6) 


I>=^A-^  (7) 


D=^  (8) 


To  change  gallons  per  day  into  inches  per  month  we  have: 

lm=^?iX(^xC^  (9) 

Also, 

(4= 

nxC 


^^=^]rn'  (1^0 
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III  the  reports  (if  the  United  St«t<*s  (4eoh>gieHl  Survey,  the  discharge 
of  streams  is  sometiuies  given  in  aere-feet  jier  month.  To  reduce  suoh 
to  inches  per  month,  we  liave,  when  total  acre-feet  are  given, 

Im=       j^    ''  (11) 

In  these  formulas, 

A = area  of  catchment  in  square  miles. 
B= total  acre-feet  per  month. 
I)=cubic  feet  per  second  per  square  mile. 
G=gallon8  per  day. 

In, = inches  in  depth  per  month  on  the  catchment  area. 
Iy= inches  in  depth  per  year  on  the  catchment  area. 
;/=  number  of  days  per  month. 

Q= cubic  feet  per  second  flowing  from  the  catchment  area,  as  det<M*- 
mined  by  gagings. 


(r,=eonstant= 


/8G400xl2\ 

V>-iO  X  4;35(;oy  • 


/I  ^     ^     /'804()0xl2x3fi5\ 

C,=constant=(^-    040x43500    > 

03=constant=(^— ^-^i^^  ^.^^- -). 

C4=:constant=f  -^  \ 

The  constants,  C,,  Cg,  Cg,  and  C4,  are  left  in  form  for  logarithmic 
computation.  For  a  given  case,  catchment  area  is  constant,  and  A, 
in  the  final  logarithmic  form,  will  be  combined  with  these. 

MAXIMUM  DISCHARGE   FORMULA. 

A  considerable  number  of  such  formulas  have  been  worked  out,  but 
the  authors  have  taken  into  account  so  few  of  the  controlling  condi- 
tions, that  they  are,  at  the  best,  mostl}'  onl}'  crude  guides,  and  the 
writer  long  ago  gave  up  their  use,  except  in  cases  where  only  th^-^ 
roughest  approximation  was  required.  Two  exceptions  n^ay,  how- 
ever, from  the  peculiar  form  of  the  coefficient,  be  briefly  not-ed,  viz: 

Dickens's  formula,  I)=0\/>P;  and  (12) 

Ryves's  formula,  B=C\/W.  (13) 

In  these  formulas,  D=discharge  in  cubic  feet  per  second;  C=a 
coefficient,  depending  for  its  value  upon  rainfall,  soil,  topographical 
slope,  elevation,  size  of  the  stream,  shape  of  the  catchment,  etc.,  and 
M=area  of  the  catchment  in  square  miles. 

COEFFICIENT  TABLE  FOR  REPRESENTATIVE  AREAS. 

In  Mullins's  Irrigation  Manual^  there  are  given  tables  for  the  value 
of  the  coefficients  of  these  two  formulas,  together  with  the  correspond- 

Irrigation  Manual,  by  Lieut.  Gen.  J.  MuUins  (published  for  Madras  Government),  1890. 
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inji:  depth  iu  inches,  draiued  off  from  tlie  ^iveii  areas,  and  the  dis- 
eharj^es  in  cubic  feet  per  second.  These  two  formulas  are  cited 
because  they  take  into  account  the  principle  of  the  sliding  coefficient, 
as  does  the  Kutter  formula,  a  principle  which,  all  things  considered, 
is  the  most  useful  thus  far  devised.  It  is  true  that  maximum  dis- 
eharj^e  formulas  have  been  devised  taking  into  account  average  slope, 
depth,  and  intensity  of  rainfall,  area  of  the  mountainous  part  of  the 
watershed  and  area  of  flat  part  of  the  same  in  square  miles,  and 
length  of  stream  from  source  to  point  of  discharge.  These  formulas, 
however,  also  involve  from  one  to  two  coefficients  and  become  compli- 
cated in  use  without,  it  is  believed,  any  special  gain  over  the  simpler 
expressions  cited.  The  formulas  of  Dickens  and  Ryves,  which  com- 
prise within  the  coefficient  0  everj^thing  included  in  the  more  compli- 
cat<Kl  formulas,  were  the  forerunnei*s  of  all  formulas  of  this  class. 

cooley's  formulas. 

In  an  able  paper «  Mr.  George  W.  Cooley,  C  E.,  gives  the  following 
formulas  for  run-off: 

For  a  watershed  without  lakes, 

'  F=0.844  LRC.  (U) 

For  a  watershed  with  large  lakes  as  receiving  reservoirs, 

F=(R+  ^-^-  -E)  xO.844  W.  (15) 

In  which,  F=flow  in  cubic  feet  per  second. 
R=precipitation  in  feet. 

L=land  surface  of  watershed  in  square  miles. 
W=Water  surfacjo  of  reservoirs  in  squares  miles. 
E=Evaporation  in  feet. 
C=Coefficient  of  available  rainfall. 

The  constant  0.844  is  equal  to  the  number  of  feet  in  a  square  mile 
divided  by  the  seconds  in  a  year. 

In  these  formulas  the  sliding  coefficient  is  also  recognized.  The 
results,  however,  are  based  on  averages,  although  it  seems  clear 
enough  that  in  either  power  or  water  supply  works  what  is  wanted  is 
the  minimum  run-off  for  a  year  or  a  series  of  years.  For  instance, 
the  minimum  rainfall  at  Lake  Minnetonka  in  1889  was  only  18.30 
inches,  while  the  maximum  in  1892  was  37.90  inches,  or  a  little  more 
than  double  the  minimum.  It  is  evident  enough  to  any  person  who 
has  gaged  streams  extensively  that  the  run-off  in  1889  must  have 
been  very  much  less  than  in  1892.  In  the  absence  of  statements  as 
t/O  the  amount  of  run-off  in  1889,  the  writer  can  only  estimate  it,  but 

«  Hydrology  of  the  Lake  Minnetonka  watershed,  by  G<^orge  W.  Cooley,  C  E.:  Monthly  Weather 
Review,  January,  1869. 
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he  doubt*  if  it  were  over  10  per  cent  to  12  per  cent  of  the  raiufall. 
Probably  about  2  iuehes  is  uot  far  from  the  mark.  What  is  wanted, 
therefore,  is  a  concise  statement,  not  only  in  this  case  but  in  every 
other,  of  the  run-off  of  the  year  or  series  of  years  of  minimum  rainfall. 

DANGER  OF  USING  AVERAGES. 

The  writer  has  dwelt  upon  the  foregoing  point  somewhat  because 
only  a  very  few  of  the  more  advanced  students  of  h^'drology  have 
thus  far  fully  appreciated  its  importance.  A  very  large  proportion 
of  all  the  papers  and  reports  prepared  in  the  last  ten  years  have  pro- 
ceeded on  the  supposition  that  safe  deductions  could  be  made  from  an 
average  run-off.  It  is  needless  to  say  that  all  such  are,  without  excep- 
tion, erroneous.  What  is  wanted  is  a  clear  statement  of  the  minimuDi, 
together  with  the  longest  period  which  such  minimum  may  be  expected 
to  occupy.  A  study  of  the  meteorological  recoixls  of  the  State  of  New 
York  shows  that  the  minimum  period  may  be  expected  frequently  to 
extend  over  three  years.  In  the  writer's  report  to  the  United  States 
Board  of  ICngineers  on  Deep  Waterways,  in  the  chapter  on  the  mete- 
orology of  New  York  and  the  relation  of  precipitation  to  run-off,  a 
large  number  of  specific  cases  are  cited,  but  space  will  not  be  taken 
here  to  discuss  them.  This  proposition  is  true  for  other  regions  than 
the  State  of  New  York. 


DANGER  OF  USING  PERCENTAGES. 

A  much  greater  danger  arises  from  the  use  of  percentage  of  rain- 
fall appearing  in  run-off.  In  many  reports  and  papers  it  is  assumed 
that  averages  of  a  series  of  percentages  can  be  safely  taken.  The  fol- 
lowing illustration,  with  five  cases  drawn  from  observation,  may  be 
taken  to  show  that  this  is  erroneous: 

Run-off,  per  cent  of  rainfall. 
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As  a  coi*oll»ry  to  the  preceding  proposition,  it  follows  that  the  ratio 
between  annual  rainfall  and  run-off  known  as  the  '*  run-off  coefficient 
or  factor "  is  essentially  misleading.  A  realization  of  this  fact  has 
led  the  writer,  in  his  report  to  the  United  States  Board  of  Engineers 
on  Deep  Waterways,  to  practically  expurgate  this  statement,  or  any- 
thing approximating  to  it,  from  his  report.  The  expressions  **  average 
run-off  "  and  '*  percentage  of  the  rainfall "  do  not  appear. 

Attention  may  also  be  again  directed  to  the  fact  that  the  total 
run-off  of  a  stream  in  any  given  year  depends  very  largely  on  the 
run-off  of  what  may  be  termed  the  ** storage  period."  Usually  about 
0.75  to  0.85  of  the  total  rainfall  of  this  i)eriod  appears  as  run-off  in 
the  stream,  while  for  the  summer,  or  growing  period,  not  more  than 
about  0.1  of  the  rainfall  appears.  This  great  difference  is  due  to 
greater  evajioration,  as  well  as  to  the  absorption  of  water  by  plants 
during  this  i)eriod.  The  total  amount  for  the  year  which  will  appear 
as  run-off  in  the  stream  will  depend,  therefore,  very  largely  on  whether 
or  not  the  rainfall  of  the  storage  period — December  to  May,  inclusive — 
is  large  or  small.  If  the  winter  rainfall  is  relatively  large,  the  run-off 
will  also  be  relatively  large,  even  though  the  total  rainfall  for  the 
year  is  small.  This  fact  must  be  taken  into  account  in  estimating 
the  value  of  streams.  Whether  any  given  stream  is  low  during  the 
summer  months  or  has  then  a  well-sustained  flow  will  depend  very 
largely  on  the  rainfall  of  the  month  of  May.  When  the  May  rainfall 
is  heavy  enough  to  produce  full  ground  water,  the  flow  is  likely  to  be 
well  sustained,  even  though  the  rainfall  is  comparatively  low  during 
the  summer  months  following.  If,  on  the  contrary,  the  May  rainfall 
is  so  low  as  to  leave  a  deficiency  in  ground  water  for  that  month,  the 
flow  will  he  low  during  the  summer,  even  though  the  rainfall  is  large. 

Tlie  foregoing  also  explains  why  for  certain  yeai-s  the  run-off  of  a 
stream  may  be  relatively  small,  even  with  rainfall  considerably  above 
the  average. 

To  more  particularly  illustrate  this,  assume  a  stream  with,  say,  6 
inches  of  ground-water  flow  and  further  assume  that  on  any  con- 
venient date  the  ground  water  is  practically  depleted.  Under  these 
circumstances,  the  6  inches  of  ground  water  must  fill  up  before  any 
very  large  flow  can  occur.  On  the  other  hand,  we  may  consider  the 
sequence  of  the  rainfall  such  as  to  leave  full  gwund  water,  whence  it 
results  that  there  will  be  a  much  larger  run-off,  even  though  rainfall 
and  other  conditions  are  the  same. 

What  is  wanted  in  a  stream,  therefore,  is  as  large  a  ground  flow  as 
possible,  with  small  evaporation.  That  there  are  very  great  differ- 
ences in  streams  in  this  respect  may  be  easily  seen  by  examining  a 
series  of  tables  of  stream  flow.  It  may  be  remarked  that  these  two 
conditions  are  obtained  only  on  a  forested  area,  for  proof  of  which 
see  Bulletin  No.  7,  Department  of  Agriculture,  Forest  Influences. 
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EFFECT  OF  LOW   GROUND   WATER. 

Moreover,  when  rainfall  is  below  the  mean  for  sevei*al  months,  the 
l^round  water  may  be  expected  to  become  continuously  lower.  This 
is  a  subject  about  which  comparatively  little  is  known,  although  the 
data  are  very  important  in  estimating  the  permanency  of  a  stream. 
Aside  from  Mr.  Vermeule's,  the  most  satisfactory  discussion  which 
the  writer  has  seen  is  that  of  Mr.  W.  S.  Auchincloss.®  This  pax>er, 
while  too  long  to  be  abstracted,  is  nevertheless  very  interesting, 
because  the  author  recognizes  the  limitations  of  averages.  On  page 
10,  after  giving  a  table  of  the  average  rise  of  his  sublake,  he  states: 

Since  the  table  was  bnilt  up  from  averages,  we  must  not  ezx>ect  it  to  emphasize 
special  variations,  for  the  grouping  of  averages  resembles  the  gfrouping  of  pictures 
in  composite  photography.  The  combination  invariably  brings  out  class  like- 
nesses to  the  exclusion  of  individual  features.  Thus  the  table  loses  si^ht  of  an 
extraordinary  year  like  1889 — fiiU  of  plus  quantities — also  seasons  of  drought,  like 
1894  and  1895.  It,  however,  clearly  shows  that  influx  has  a  tendency  to  prevail 
between  February  and  July,  inclusive,  and  efflux  to  hold  the  mastery  daring  the 
remaining  months  of  the  year. 

Though  this  pai)er  does  not  fully  recognize  the  wide  variation 
occuiTing  at  different  localities,  this  is  probably  not  due  to  oversight, 
but  merely  to  the  fact  that  the  author  Wiis  discussing  a  specific  ease. 
The  observations  recorded  were  made  at  Br^^n  Mawr,  Pa.  The  paper 
is  valuable  and  well  worth  the  attention  of  students  of  hydrologj'. 

vermeule's  formulas. 

These  formulas  are  somewhat  different  from  those  previously  con- 
sidered. Mr.  Vermeiile  claims  to  have  discovered  a  relation  between 
evaporation  and  mean  annual  temperature.  For  the  relation  between 
annual  evaporation  and  annual  precipitation  on  Sudbury,  Croton,  and 
Passaic  rivers  he  gives  the  following: 

E=15.5()+0.16  R,  (10) 

In  which  E=the  annual  evaporation  and  R=the  annual  rainfall. 

In  the  original  publication  of  his  formula,  in  the  Report  of  the  Ge<h 
logical  Survey  of  New  Jersey,*  Mr.  Vermeule  allow<Ml  for  other  catch- 
ment areas  an  increase  or  decrease  of  5  per  cent  from  values  given 
for  evaporation  on  the  Sudbury,  Croton,  and  Passaic  rivers.  The 
following  is  his  general  formula  for  all  streams: 

E=(15.50+0.1t3  R)  (0.05  T-1.48)  (17} 

This,  however,  he  states  is  merely  a  suggestion.  His  purpose  is  to 
deduce  laws  which  hold  for  the  State  of  New  Jersey  alone. 

In  these  formulas  the  evaporation  is  taken  to  include  all  the  vari- 
ous losses  of  water  to  which  a  catchment  area  is  subject,  including 
direct  evaporation  as  well  as  water  absorbed  and  transpired  by  plant 
growth,  etc.     Hence, 

V  (run-off)=R-E.  (1» 

a  On  Watei*H  within  th<»  Earth  and  Laws  of  Raiuflow,  l»y  W.  S.  Auc;hiuo1cM8,  C.  E.  Philadelikhu. 
18»7. 

f»  Report  on  water  supply,  water  ijower,  the  flow  of  streams,  and  attendant  phenomena.  l»f 
C.  C.  Vermeule:  Final  Report  State  Geologist  of  New  Jersey,  Vol.  III.     Trenton,  1894. 
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Mr.  Verineule  gives  the  following  formulas  for  tlie  Sudbury,  Crotou, 
and  Passaic  rivers: 

December-May,  E=4.2()+().1l>  R;  (19) 

June-November,  E=ll.;30-f  0.20  R.  (20) 

These  formulas  take  into  account  the  fact  that  evaporation  is  low  in 
the  winter  months  and  high  during  the  summer. 

Mr.  Yermeule  also  gives  the  following  formula  for  computing 
monthly  evaporation  from  the  monthly  rainfall  for  Sudbury,  Croton, 
and  Passaic  catchment  areas: 

[e=monthly  evaporation;  r^inoiithly  iiiinfall.] 

December .     ..  e=  0.42-j-O.lO  r 

January ..   e=0.27+0.10r 

February        ,  e=  0.30  I  O.lOr 

March...    .. ....  e=0.48+0.10r 

April . e=  0.87-fO.lOr 

May . .  e=  1.871  0.20r 

June.    ...    .    _ e=  2. 50^0. 25  r  ,  ^, 

July .  e=  3.00+0.30  r/(^^) 

August e=  2.62-f0.25r 

September ... .     .  e=  1.63-(-0.20r 

October _     .   .  e=  0.88  f  0.12  r 

November.      .    e=  0. 66-f  0. 10  r 

Year •      6=15.504^0.16  r 

To  obtain  the  monthly  evaporation  for  other  streams  the  n>8ults 
obtained  are  multiplied  by  the  following: 

(0.05T-1.48.) 

In  which  T=mean  annual  temperature. 

At  this    point  Mr.  Vermeule  was  confronted  by   Mie  difficulty  of 

ground  storage.     In  regard  to  the  effect  of  this  it  may  be  mentioned 

that,  with  rainfall  above  the  average  continuously  for  several  years, 

ground  water  may  be  expected  to  stand  above  its  average  height, 

yielding  to  streams  the  maximum  flow  possible  to  ground  water.     On 

the  other  hand,  when  the  rainfall  is  below  the  average  for  a  number 

of  years  ground-water  flow  will  be  lower,  becoming  less  and  less  as 

the  rainfall  approaches  the  minimum.     It  is  very  important  that  this 

fact  be  taken  into  account,  because  without  it  one  is  certain  to  fall 

into  error.     The  formulas  for  average  depletion  may  be  given  as 

follows : 

(l^=d,-{-e+f-r;  (22) 

(l=i+fh-^^^  (23) 

In  which  d^  and  r/2=depletion  at  end  of  previous  month  and  for  the 
month  under  consideration;  o?=average  dei)letion ;  f' and  /•=monthly 
evaporation  and  monthly  rainfall,  r(\spe(*tively,  and  /=(*omputed 
monthlv  flow. 

a. 

The  foregoing  does  not  fully  express  tlu*  us(»  of  tliese  formulas,  but 
as  all  that  is  wanted  at  this  time  is  an  illustration  of  methods,  this 
brief  account  may  be  deemed  sufficient. 
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Mr.  Vermeule  gives  a  diagram  showing  ground  flow  for  the  several 
different  streams  mentioned  for  a  given  depletion,  which  is  to  l)e 
used  in  conjunction  with  the  foregoing  formulas.  In  his  opinion  the 
diagrams  present  advantages  over  a  ground-flow  formula  with  varying 
constants  and  coeflicients  for  different  streams,  being  more  readily 
compared  and  insuring  greater  accuracy.  Later,  in  his  report  on 
forests,^  Mr.  Vermeule  modifies  his  formula,  as  follows: 

E=(ll+0.29  R)  M.  (24) 

In  which  E= evaporation,  R=rainfall,  and  M  is  a  factor  depending 
upon  the  mean  temperature  of  the  atmosphere.  The  writer  under- 
stands Mr.  Vermeule  to  say  that  this  is  also  an  expression  for  annual 
evaporation. 

Values  of  M  for  given  mean  annual  temperatures  are  as  follows: 

40°,  0.77;    41°,  0.70;  42°,  0.82;   43%  0.85;  44°,  0.88;  45°,  0,01;  4G% 

0.94;  47°,  0.97;  48°,  1;  49°,  1.03;  50°,  1.07;  51°,  1.10;  52°,  1.14;  53% 

1.18;  54°,  1.22;  55°,  1.26;  56°,  1.30;  57°,  1.34;  58°,  1.39;  59°,  1.43;  60% 
1.47;  61°,  1.51. 

In  a  table  on  page  149  of  the  Report  on  Forests  Mr.  Vermeule  com- 
pares observed  annual  evaporation  with  computed  annual  evapora- 
tion.    The  following  are  some  of  the  differences  which  appear : 

On  the  Genesee  River  the  observed  annual  evaporation  is  27.2 
inches;  computed  annual  evaporation,  20.6  inches;  the  observetl 
annual  evaporation,  therefore,  is  6.6  inches,  or  32  per  cent,  greater 
than  the  estimated  annual  evaporation.  On  the  Musconetcong  River 
the  observed,  as  compared  with  the  computed  evaporation,  is  13  per 
cent  less;  on  the  Pequest  it  is  17  per  cent  less;  on  the  Paulinskill  it  is 
14  i>er  cent  less;  on  the  Tohickon,  32  per  cent  less;  on  the  Nesham- 
iny,  16  per  cent  less;  on  the  Perkiomen,  17  per  cent  less;  on  the 
Desplaines,  21  per  cent  greater;  on  the  Kansas,  15  per  cent  greater; 
on  the  Upper  Hudson,  10  per  cent  greater;  on  Hemlock  Lake,  IS  i>er 
cent  less;  on  the  Potomac,  17  per  cent  less;  on  the  Savannah,  13  per 
cent  less.  For  the  rest  of  the  streams  cited  in  the  table  the  agreement 
is  closer  than  this. 

The  observed  annual  evaporation  is  32  per  cent  greater  than  the 
computed  annual  evaporation  on  the  Genesee  River  and  32  per  cent 
less  on  Tohickon  Creek — a  range  of  64  per  cent.  Somewhat  simibir 
differences  are  found  on  other  streams  where  the  gagings  are  apj^roxi- 
mately  right.  As  to  the  gagings  referred  to  in  the  report  on  forests, 
the  writer  will  show  farther  on  in  this  paper  that  gagings  of  Gene- 
see and  Hudson  rivers  are,  on  the  whole,  probably  the  best  thus 
far  made  in  the  United  States.  Tohickon,  Neshaminy,  and  Perkio- 
men creeks  have  been  gaged  by  Francis  weirs,  and  are,  with  the 
exception  of  Tohickon,  considered  approximately  right.  The  diffi- 
culty here  is  probably  in  the  flood  flows.     The  writer  iin<Ierstand> 


a  Rei>ort  on  forests,  by  O.  C.  Vermeale:  Ann.  Rept.  State  Oeologist  New  Jersey  for  year  1^ 
Trenton,  1900. 
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that  Mr.  Vermeule  used  the  Francis  formula  for  a  sharp-crested  weir. 
The  gagings  of  Sudbury,  Cochituat-e,  and  Mystic  rivers  have  been 
deduced,  it  is  believed,  by  Mr.  Francis's  formula  for  the  Merrimac 
dam.  As  to  Desplaines  River,  a  discharge  curve  determined  by  cur- 
rent meter  has,  it  is  believed,  been  applied. «  The  English  streams 
cited,  Lea,  Wandle,  Thames,  etc.,  have  probably  been  gaged  by  a 
sharp-crested  weir,  and  the  others  mostly  by  the  current  meter  and  a 
rating  table. 

RUSSELL'S  FORMULAS. 

Mr.  Thomas  Russell*  gives  the  following  formulas  for  the  run-off 
of  the  Ohio,  Upper  Mississippi,  and  Upper  and  Middle  Missouri  val- 
leys, in  terms  of  the  annual  rainfall.  For  the  Ohio  River  the  formula 
is  as  follows: 

0=0.600+0.95  R— 0.1»0  R  (0.975  e-0.421  e^+0,6'2Q  e»).        (25) 
For  the  Upper  Missis^ipin  it  is: 

0=0.50+0.93  R-0.88  R  (1.131  e-0.383  e^).  (26) 

For  the  Upper  and  Middle  Missouri  it  is : 

0=0.12+0.98  R-0.93  R  (0.91  e-0.22()  ^^2+0.009  6^^).  (^7) 

In  these  formulas  R  is  the  rainfall  for  the  month  in  cubic  miles; 
e  is  the  quantity  of  water  required  to  saturate*  the  air  at  any  time, 
iM|ual  to  the  difference  between  what  the  air  contains  and  the  amount 
if  it  w^as  saturated;  and  ()  is  the  outflow  or  run-off. 

These  lormulas  are  interesting  in  the  present  connection,  because 
they  recognize  the  fact  that  every  stream  must  have  its  own  formula. 
The  variation  in  run-off  on  the  Ohio,  Mississippi,  and  Missouri  rivers 
will  be  observed  on  inspection  of  the  formulas.  Like  all  formulas  of 
this  class  the}*  are  subject  to  considerable  variation.  In  the  month 
of  October,  1881,  the  computed  outflow  of  Missouri  River  was  4.9  cubic 
miles  and  the  observed  flow  was  1.6  cubic  miles,  a  difference  of  3.3 
cubic  miles. 

RELATION     BETWEEN     CATCHMENT     AREA    AND     MAXIMUM,    MINIMUM, 

AND   MEAN   RUN-OFF. 

It  is  quite  common  for  hydrologists  to  assume  that  there  is  a  rela- 
tion between  catchment  area  and  maximum,  minimum,  and  mean 
run-off,  the  general  proposition  being  that  mean  annual  run-off  varies 
inversely  as  the  size  of  the  catchment,  and  that  maximum  run-off,  or 
flood  flow,  varies  directly  as  the  size  of  the  catchment. 

In  order  to  gain  some  idea  as  to  the  applicability  of  this  proposition, 
the  resume  of  discharge  data,  in  the  Twentieth  Annual  Report  of  the 


n  Data  pertaining  to  rainfall  and  stream  flow,  by  Thomas  T.  Johnston:  Jour.  Western  Soc. 
En^rs.,  Vol.  I,  No.  3,  June,  1896. 

MtainfaU  and  river  outflow  in  the  Miseii«ippi  Valley,  by  Thomas  Russell:  Ann.  Rept.  Chief 
Signal  Officer  for  the  year  1889,  Part  I,  Appendix  U. 
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United  States  Geological  Survey,  imges  40-()4,  has  been  examiiieii. 
This  table  includes  about  225  streams  in  various  portions  of  the  United 
States,  with  records  ranging  from  18  to  20  years  in  length  to  1  year. 
A  few  of  the  best-known  streams — as,  for  instance,  the  Croton  and 
Sudbury — are  not  given  in  detail,  although  the  large  number  included 
in  this  table,  it  is  believed,  is  sufficient  to  settle  definitely  this  ques- 
tion.    Onlj'  a  very  few  of  the  results  will  be  referred  to  here. 

Tn  the  first  place,  it  appears  certain  that  with  equal  rainfall  then^  i> 
no  very  definite  relation  between  size  of  catchment  area  and  mean 
annual  run-off.  For  instance,  the  Kennebec,  at  Waterville,  Me., 
with  a  catchment  area  of  4,410  square  miles,  has  a  mean  annual  run- 
off for  6  years  of  22.4  inches.  The  Cobbosseecont-ee,  at  Gardiner,  Me., 
with  a  catchment  area  of  280  square  miles,  has  a  mean  annual  riin-off 
for  6  years  of  18.5  inches.  The  Androscoggin,  at  Rnmford  Falls,  M<'., 
with  a  cat<?h men t  area  of  2,220  sciuare  miles,  has  for  0  years  a  mean 
annual  run-off  of  24.2  inches.  The  Presumpscot,  al  Seba^ro  I>ak«% 
Me,  with  a  catchment  of  470  square  miles,  has  a  mean  annual  run- 
off for  11  years  of  21  inches.  The  Merrimac,  at  Lawrence,  Mass., 
with  a  cat<chment  area  of  4,5e53  square  miles,  has  a  mean  annual  run- 
off for  9  years  of  21.3  inches.  Aside  from  the  Androscoggin  Rivor 
these  five  streams  support  the  proposition  that  the  run-off  varies  in 
some  degree  directly  as  the  drainage  area  instead  of  inversely. 

As  to  the  maximum  run-off,  or  flood  flow,  there  is  apparently  some 
slight  relation,  although  even  this  is  less  definite  than  has  usually 
been  assumed. 

As  to  minimum  run-off,  there  is  apparently  no  relation,  exti*eraely 
small  flows  happening  on  large  streams  as  well  as  on  the  smallest. 
There  is,  however,  much  more  definitely  a  relation  between  the  run- 
off and  the  rainfall,  run-off  increasing  as  rainfall  increases,  and 
ccmverselv. 

As  regards  the  division  of  streams  into  classes  in  proportion  to  size 
of  catchment  area,  it  appears,  thereof  ore,  that  aside  from  max  i  mil  in 
run-off  one  is  not,  on  lu'esent  information,  justified  in  such  classi- 
fication, and  even  in  cases  of  flood  flow  it  is  quite  probable  that 
there  are  other  considerations  of  such  importance  as  to  render  a  clas- 
sification of  this  character  inexpedient. 

In  the  rivers  for  which  data  are  given  in  this  paper  the  catchment 
areas  vary  from  18.9  square  miles  for  Lake  Cochituate  to  10,234  s<]uare 
miles  for  the  Connecticut  River.  Since  there  is  no  very  definite 
relation  between  size  of  catchment  and  run-off  there  is  no  reason 
why  the  comparison  may  not  be  made  of  streams  having  such  largt* 
difference  in  size  of  catchment.  For  some  streams — as,  for  instance, 
Pequannock  River — where  the  slopes  are  very  steep,  the  run-off  is 
somewhat  higher  than  it  would  be  with  other  conditions  the  same,  but 
with  flatter  slopes.  But  generally  the  degree  of  forestation  and  other 
elements  exercise  so  much  more  impoi'tant  an  influence  that  a  com- 
parison, without  regard  to  size  of  catch iii en t  area,  may  be  legitiiiiately 
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made.     Nevertheless,  this  proposition  is  possibly  debatable,  and  for 
the  present  the  conclusions  drawn  are  tentative  merely. 

THE   EXTREME   LOW- WATER  PERIOD. 

In  the  dis<»ussion  of  Tables  Nos.  1-12,  inclusive,  the  writer  has  given 
the  low  water  of  the  minimum  year,  but  this  does  not  usually  include 
tlie  extreme  low-water  period,  which  is  in  almost  every  ease  much 
more  than  one  year.  Space  will  not  be  taken  to  show  the  extreme 
low-water  periods  of  all  these  tables.  It  is  considered  that  illustra- 
tions from  Muskingum  and  Genesee  rivers  an*  sufficient.  This  infor- 
mation is  given  in  Tables  Xos.  14  and  15. 

On  the  Muskingum  River  three  low-water  periods  have  occurred 
during  the  time  covered  by  the  gagings.  The  first  wa«  from  Decem- 
b(*r,  1H87,  to  November,  18S0,  inclusive,  a  period  of  twenty-four 
months,  during  which  the  total  run-off  was  18.55  inches,  or  if  we 
assume  a  reservoir  on  said  stivam  of  20  square  miles  water  surface, 
the  total  net  run-off  becomes  18.15  inches.  The  computations  of 
evaporation,  etc.,  for  such  a  reservoir,  neglect ing  variation  in  water 
surface,  are  as  follows.  Assume  an  annual  evai)orati(m  of  40  inches 
an<l  with  distribution  for  the  several  months  as  per  column  1  in  the 
following  table.  Since  the  water  surface  area  is  20  square  miles,  it 
]x»comes  20/5828  of  the  whole,  or  1/292.  Hence,  water  surface  evaj)- 
oration  is  1/292  of  40  inches,  and  making  the  computation  for  each 
month,  we  have  the  quantities  as  per  column  2: 

Tatal  i^rajjoratfon  and  evaporation  per  square  mile  of  water  surface  in  Muskin- 

ginn  Basin, 


Month. 


Jannary  -  - 
Febmary  . 
March  . . . 
April     . 
May  -. 
Jiine  ...    - . 

Julv 

Angnst  --- 
September 
October  . . . 
November . 
December . 


1. 

Total 
evapora- 
tion. 

i. 
Evapora- 
tion 
'  persciuaro 
I      mile  of 
water  sur- 
face. 

l.()0 

0.0034 

1.10 

.  0037 

1.70 

.  0058 

3.00 

. 01029 

4.60 

.01578 

5. 65 

.01938 

6.10 

.  02092 

5.60 

. 01921 

4.15 

.01423 

3. 85 

. 01 149 

2.25 

.00772 

1.50 

.00514 

40.00 
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With  some  allowance  for  percolation,  leakage,  etc.,  the  total  is  ta.ken 
at  0.40  of  an  inch  per  year.  Analyzing  the  first  period,  we  find  that 
for  24  months  there  was  an  average  flow  of  0.76  inch  per  month,  for 
12  months  an  average  flow  of  0.67  inch,  and  for  9  months  an  average 
flow  of  0.43  inch. 

The  second  low- water  period  was  from  May,  1801,  to  January,  18t)3, 
inclusive,  a  periotl  of  21  months,  during  which  time  the  net  run-off 
was  17.2  inches,  yielding  for  th<'  whole  21  months  an  average  of  0.82 
inch  and  for  7  months  an  average  of  0.36  inch. 

The  most  extreme  low-water  period  was  from  April,  1894,  to  Novem- 
ber, 1895,  inclusive,  a  period  of  20  months,  during  which  time  the  nei 
run-off  did  not  exceed  under  the  assumed  conditions  7.00  inches.  The 
average  run-off  for  i'O  months  was  0.354  inch  and  for  7  months  0.116 
inch. 

On  Genesee  River  there  have  been  two  low- water  periods  during  thi» 
time  covered  by  the  gagings.  The  first  was  from  June,  18II4,  to  Fel>- 
ruary,  1896,  a  period  of  21  months,  during  which  time  there  was  a 
gross  run-off  of  13.02  inches.  Evaporation  has  been  comjiuted  for  a 
proposed  reservoir  of  12.4  square  miles  water-surface  area,  with  allow- 
ance for  actual  height  of  water  during  the  different  months.  On  this 
basis  and  with  a  small  allowance  for  percolation,  leakajre,  etc.,  the 
total  evaporation  loss  for  the  21  months  becomes  0.65  inch,  leaving  a 
net  run-off  of  12.37  inches.  The  average  run-off  for  21  months  was 
0.59  inch,  or,  if  we  assume  1.43  inches  left  in  reservoir  at  end  of  |>erioti, 
the  average  allowable  run-off  becomes  0.52  inch.  For  10  months,  Avith 
some  allowance,  the  average  run-off  is  0.30  inch  and  for  7  months 
0.10  inch. 

The  second  period  was  from  June,  1896,  to  December,  1897,  a  period 
of  19  months,  during  which  time  the  net  run-off  was  13.24  inches. 
The  average  run-off  for  19  months,  with  1.24  inches  left  in  reservoir 
at  end  of  the  period,  was  0.63  inch;  for  8  months,  0.31  inch,  and  for  •> 
months,  0.17  inch.  These  figures,  without  being  exhaustive,  show  that 
Genesee  River  is  a  somewhat  better  water  yielder  than  Muskingum 
River. 

A  large  numlx^r  of  other  interesting  and  valuable  tabulations  could 
be  drawn  from  these  data,  especially  those  relating  to  storage.  But 
since  this  element  is  not  specially  considered  in  this  paper  they  are 
not  giv^en.  In  any  case,  enough  has  been  said  to  sustain  the  state- 
ment that  streams  vary,  not  only  as  regards  their  tot.al  capability  of 
yielding  water,  but  as  regards  its  distribution.  In  order  to  develop 
a  stream  to  its  maximum  capacity  for  either  water  power  or  m  unici- 
pal  purposes  it  is  absolutely  indispensable  to  have  a  series  of  care- 
fully prepared  gagings.  Lacking  these,  there  should  be  gathered  a.'^ 
long  a  rainfall  record  as  possible,  from  which,  by  comparison,  the 
approximate  run-off  of  the  stream  may  be  computed.  A  carefully 
taken  series  of  gagings  is,  however,  in  every  way  preferable. 
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VARIATION   IN    WEIR  MEASUREMENTS. 

The  writer  ha«  shown  "  the  considerable  variation  in  weir  measui'e- 
nients  clue  to  difference  in  form  of  weir  alone.  So  g^eat  are  these 
that  any  conclusions  based  upon  the  data  of  sharp-crested  weirs 
applied  to  other  forms  are  extremely  unsatisfactory.  In  one  case  of 
a  flat-crested  weir,  the  flow  at  a  given  depth  is  only  75  per  cent  of 
what  it  is  over  a  sharp-crested  weir.  Variations  of  from  5  per  cent 
to  20  per  cent  are  common,  as  may  be  easily  observed  by  examining 
the  tables  in  the  paper  cited. 

In  view  of  the  importance  which  gagings  are  now  shown  to  bear  in 
estimating  the  value  of  a  stream  for  water  power  or  city  water  supply, 
in  future  every  statement  of  stream  flow  should  be  accompanied  by  a 
concise  statement  of  the  method  of  gaging  used,  thus  permitting 
hydrologists  to  judge  of  the  general  reliability  of  the  method.  Had 
this  been  done  in  the  past,  some  of  the  uncertainty  which  now 
attaches  to  many  gaging  records  would  undoubtedly  be  removed. 

GENESEE   AND    HUDSON   GAGINGS    REDUCED  TO  SHARP-CRESTED  WEIR 

MEASUREMENTS. 

The  writer  has  shown  in  another  place  that  Genesee  River  gag- 
ings which  were  made  by  him  ha"e  been  reduced  to  sharp-crested 
weir  measurements.  As  to  the  Hudson  gagings,  PI.  CXXVII  in  the 
ReiK)rt  to  the  United  States  Board  of  Engineers  on  Deep  Waterways 
inaj'  be  cited.  This  plate  is  a  comparison  of  the  discharge  over  weirs 
by  different  formulas,  and  it  appears  from  it  that  Mullins's  formula 
for  a  flat-crested  weir,  which  has  been  used  for  the  Upper  Hudson 
gagings,  at  a  depth  of  4  feet  gives  results  less  than  Francis's  formula 
for  a  sbarp-crested  weir  by  about  10  per  cent.  However,  in  order  to 
simplify  the  computation  and  to  avoid  velocity  of  approach,  the  width 
of  the  crest  was  taken  at  5  feet.  Again,  the  crest  at  Mechanicville  is 
not  flat,  but  is  slightly  sloping  backward.  The  sloping  front  probably 
affects  the  flow  to  increase  it  somewhat.  There  are  also  flashboards 
used  during  low  water,  which  are  properly  computed  by  Francis's 
formula  for  a  sharp-crested  weir.  These  several  elements  undoubt- 
edly make  the  problem  somewhat  complicated,  but  taking  everything 
into  account  it  is  probable  that  the  results  as  computed  are  not  far 
from  right.     They  may,  however,  be  in  error  as  much  as  2  inches  per 

vear.* 

Aft  regards  the  relation  between  mean  annual  temperature  and 
evaporation,  the  questions  raised  hy  Mr.  Vermeule  are  very  interest- 
ing and  have  received  considerable  study  from  the  writer  ever  since 
the  publication  of  Mr.  Vermeule's  rej)ort  in  1894.  This  study  has 
been  specially  directed  toward  determining  whether  there  was  any 

oOn  the  flow  of  water  over  dams:  TranH.  Am.  See.  C.  E.,  Vol.  XLIV,  p.  220. 
ft  See  the  diagrams  of  Hudson  and  Genesee  rivers  on  this  point. 


t>o 


38  RELATlOK    O**   RAINFALL   TO   RUN-OFF.  INo  w 

way  of  Hhowing  by  diagrams,  delinitely,  that  any  such  relation  ivally 
exisUnl.     A  concise  resunie  of  such  study  will  now  l>e  j^iven. 

KVAPOHATION. 

FITZGERALD'S  FORMULA   FOR  EVAPORATION. 

In  the  first  place  we  may  consider  Mr.  KilzCJerald's  formula  fur 
evaporation/*  which  is: 


(V-r/l+-^J) 


In  this  formula  V=the  maximum  force  of  vapor  in  inches  of  mer- 
cury corresponding  to  the  temperature  of  the  water;  r=the  force  of 
vapor  present  in  the  air;  W=the  velocity  of  the  wind  in  miles  per 
hour;  and  E=the  evax)oration  in  inches  of  depth  per  hour.  It  can  be 
shown  that  there  is  going  on  nearly  always  a  condensation  of  nioistuiv 
from  the  air  upon  any  water  surface.  At  the  same  time  thei'e  is  j^oiuir 
on  a  loss  of  moisture  from  the  water  surface  by  evaporation.  Thf 
intensity  of  both  these  operations  depends  upon  the  difference*  in 
temperature  between  the  air  and  any  water  surface  with  which  it  may 
be  in  contact.  When  the  temperature  of  air  and  water  is  the  same, 
both  processes  stop.  Evaporation  is,  therefore,  in  effect  the  measure 
of  the  difference  of  these  two  exchanges.  The  velocity  of  the  wind  1?^ 
also  seen  to  exert  a  very  decided  effect  on  the  intensity  of  evaporation. 

In  the  foregoing  formula,  ?',  the  force  of  vapor  present  in  the  air  is 
computed  by  the  following: 

689-^'        '  ^^^^ 

In  w^hich  ?'=the  force  of  vapor  in  the  air  at  the  time  of  the  obser 

vation ; 
/=the  temperature  of  the  air  in  centigrade  degi*ees,  indi- 
cated by  the  dry  thermometer; 
/'=the  temperature  of  evaporation  given  by  the  wet  ther- 
mometer; 
V=the  force  of  vapor  in  a  saturated  air  at  the  tempera- 
ture /' ;  and 
7i^=the  height  of  the  barometer. 

There  is  no  difference  between  evaporation  from  a  water  surface 
and  evaporation  from  land,  except  that  on  a  water  surface  it  goes  od 
continuously,  w^hile  on  land  evaporation  may  lie  interrupted  from  lack 
of  something  to  evaporate.  The  preceding  formula  shows  that  the 
force  of  vapor  is  dependent  upon  the  difference  of  the  dry'  and  wei 
bulb  thermometers,  and  not  in  any  degree  upon  the  mean  annual 
temperature. 


a  Trans.  Am.  Soc  C.  E.,  Vol.  XV,  pp.  581-646. 
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EVAPORATION   RELATIONS. 

Prof.  CUeveland  Abbe**  gives  the  foUowinji;  relations  of  evaporation, 
lis  (established  bv  Prof.  Thomas  Tate: 

(ft)  Other  things  being  the  same,  the  rate  of  evaporation  is  nearly  proportional 
to  the  difference  of  the  temperatures  indicated  by  the  wet-bulb  and  dry-bulb 
thermometers. 

(b)  Other  things  being  the  same,  the  augmentation  of  evaporation  due  to  air  in 
motion  is  nearly  proportional  to  the  velocity  of  the  wind. 

(<•)  Other  things  being  the  same,  the  evaporation  is  nearly  inversely  propor- 
tional tt)  the  pressure  of  the  atmosphere. 

(ii)  The  rate  of  evaporation  of  moisture  from  damp,  porous  substances  of  the 
same  material  is  proportional  to  the  extent  of  the  surface  presented  to  the  air, 
without  regard  to  the  relative  thickness  of  the  substances. 

(e)  The  rate  of  evaporation  from  different  substances  mainly  depends  uxx>n  the 
ron^hness  of,  or  inequalities  on,  their  surfaces,  the  evaporation  going  on  most 
rapidly  from  the  roughest  or  most  uneven  surfaces;  in  fact,  the  best  radiators  are 
the  best  vaporizers  of  moisture. 

(  y )  The  evaporation  from  equal  surfaces  c>onipo8ed  of  the  same  material  is  the 
same,  or  very  nearly  the  same,  in  a  quiescent  atmosphere,  whatever  may  be  the 
in<*liiiation  of  the  surfaces:  thus  a  horizontal  plate  with  its  damp  face  upward 
t*vai>orates  as  much  as  one  with  its  damp  face  downward. 

(gr)  The  rate  of  evaporation  from  a  damp  surface  (namely,  a  horizontal  surface 
facing  upward)  is  very  much  affected  by  the  elevation  at  which  the  surface  is 
placed  above  the  ground. 

(  /i )   The  rate  of  evaporation  is  affected  by  the  radiation  of  surrounding  bodies. 

(t)  The  diffusion  of  vapor  from  a  damp  surface  through  a  variable  column  of 
air  varies  (approximately)  in  the  inverse  ratio  of  the  depth  of  the  column,  the 
temx>eTature  being  constant. 

(J)   The  amount  of  vapor  diffused  varies  directly  as  the  tension  of  the  vapor  at. 
a  ^ven  temperature,  and  inversely  as  the  depth  of  the  column  of  air  through 
which  the  vapor  has  to  pass. 

(k)  The  time  in  which  a  given  volume  of  dry  air  >>ecomeH  saturated  with  vapor, 
or  saturated  within  a  given  i)ercentage,  is  nearly  independent  of  the  temperature 
if  the  source  of  vapor  is  constant. 

( Z)  The  times  in  which  different  volumes  of  dry  air  become  saturated  with 
watery  vapor,  or  saturated  within  a  given  per  cent,  are  nearly  proportional  to 
the  volnmes. 

{ni)  The  vapor  already  formed  diffuses  itself  in  the  atmosphere  much  more 
rapidly  than  it  is  forme<l  from  the  surface  of  the  water.  (This  assumes,  of  course, 
that  there  are  no  convection  currents  of  air  to  affect  the  evaporation  or  the  dif- 
fusion.) 

EFFECT   OF   WIND  AND   OTHER  METEOROLOGICAL  ELEMENTS. 

That  the  velocity  of  the  wind  must  have  a  very  material  effect 
upon  evaporation,  and  hence  upon  the  run-off  of  streams,  is  at  once 
apparent  on  inspection  of  Mr.  FitzGerald's  evaporation  formula,  given 
in  a  preceding  chapter.  Again,  on  examining  the  annual  summaries 
in  the  report  of  the  Chief  of  the  Weather  Bureau  the  average  yearly 
velocity  of  wind  is  found  to  vary  from  about  3  miles  to  16  or  18  miles. 


„  preparatory  Rtndies  for  deductive  methods  in  fttorm  and  weather  predictions,  by  Prof.  Cleve- 
land Abbe:  Ann.  Rept.  Chief  SiKnal  ()ffl<'er  for  1H80,  Part  I,  Appendix  15. 
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With  other  conditions  the  same,  evaporation  will  l>e  much  largerwith 
a  higher  wind  velocity. 

The  preceding  summary  of  evaporation  relations  further  shows  that 
evaporation  will  vary  in  scnne  degrees  in  proportion  to  pressure,  t-em- 
perature,  moisture — which  may  be  taken  to  include  dew-i)oint,  rela- 
tive humidity,  vapor  pressure,  precipitation,  and  cloudiness — and, 
finally,  in  proportion  to  average  velocity  of  the  wind.  It  may  also  l)e 
expected  to  vary  in  some  degree  in  proportion  to  electrical  phenom- 
ena— thunderstorms,  auroras,  etc. — but  as  j^et  we  know  so  little 
about  these  that  they  can  be  no  more  than  mentioned.  Tlie  writer, 
however,  believes  that  studies  in  the  direction  here  indicated  would 
be  very  prolific  of  results.  For  this  purpose  two  or  three  stations, 
observing  all  the  elements  herein  enumerated,  should  be  established 
in  each  catchment  area. 

In  the  present  study  an  attempt  has  been  made  to  correlate  these 
elements  with  the  run-off,  but,  aside  from  the  rainfall,  the  data  are 
too  indefinite  for  satisfactory  results.  It  is  for  these  reasons,  with 
others,  that  the  writer  is  able  to  give  only  tentative  conclusions  in 
regard  to  the  relation  of  rainfall  to  the  run-off  of  streams. 

PERSISTENCY   OF  RATE   OF   EVAPORATION. 

The  persistency  of  the  amount  of  evaporation  for  any  given  stream 
at  about  the  same  figure  through  long  periods  of  time  was  first  i>ointed 
out  by  Messrs.  Lawes,  Gilbert,  and  Warrington  in  their  classical 
paper.  On  the  Amount  and  Composition  of  Rain  and  Drainage  Waters 
Collected  at  Rothampsted,  published  in  the  Journal  of  the  Royal 
Agricultural  Society  of  England  for  1881.  As  to  why  evaporation 
exhibits  such  persistency  these  distinguished  authors  consider  it 
largely  due  to  the  fact  that  the  two  principal  conditions  which  deter- 
mine large  evaporation — namely,  excessive  heat  and  abundant  rain — 
very  rarely  ocjur  together.  The  result  is,  especially  in  the  Knglish 
climate,  a  balance  of  conditions  unfavorable  to  large  evaporation.  In 
a  wet  season,  when  the  soil  is  kept  well  supplied  with  water,  there  is 
at  the  same  time  an  atmosphere  more  or  less  saturated,  with  an 
absence  of  sunshine;  while  in  dry  seasons  the  scarcity  of  rain  results 
in  great  dryness  of  the  soil,  with  scant,  slow  evaporation. <* 

NEGATIVE   EVAPORATION. 

In  a  strictly  scientific  sense  this  term  is  taken  to  mean  that  when 
the  temperature  of  the  evaporating  surface  is  lower  than  the  dew- 
point,  water  is  deposited  on  that  surface.  As  regards  the  rainfall, 
run-off,  and  evaporation  tables,  herewith  included,  negative  evajKv 
ration  means  that  the  run-off  for  certain  months  is  greater  than  the 
rainfall.     Sometimes  this  may  legitimately  happen  when  a  heavy  rain- 


a  Since  the  persistency  of  evaporation  has  l)een  extensively  discnaeed  in  the  writer's  imper 
on  Stream  flow  in  relation  to  forests  (see  footnote  on  p.  54),  it  is  merely  touched  on  here. 
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fall  comes  at  the  end  of  the  month,  or  when,  with  muoh  snowfall, 
the  temperature  of  the  month  is  mostlj'  l>elow  freezing.  In  order  to 
show  as  much  as  possible  in  regard  thereto,  the  writer  gives  the  detail 
for  each  of  the  12  tables,  together  with  a  tentative  view  as  to  the  real 
sign  ificance  of  the  so-called  negative  evaporation. 

On  Muskingum  River,  during  the  8  years  gaged,  negative  evapo- 
ration is  shown  only  twice  for  one  month. 

On  Genesee  River  the  detailed  tabulation  shows  negative  evapo- 
ration 5  times  for  one  month  and  once  for  two  consecutive  months,  a 
total  of  7  months  in  all. 

On  Croton  River,  for  the  entire  period  of  32  years,  negative  evap- 
oration is  shown  29  times  for  one  month  and  6  times  for  two  consecu- 
tive months,  a  total  of  41  months  in  all. 

On  Lake  Cochituate  negative  evaporation  is  shown  24  times  for  one 
month,  3  times  for  two  consecutive  months,  and  twice  for  three  con- 
seeutive  months,  a  total  of  36  months  in  all.  Negative  evaporation 
is  also  shown  once  for  the  entire  storage  period  in  1801. 

On  Sudbury  River  it  is  shown  16  times  for  one  month,  9  times  for 
two  consecutive  months,  and  3  times  for  three  consecutive  months,  a 
total  of  43  months  in  all. 

On  Mystic  Lake  it  is  shown  12  times  for  one  month,  twice  for  two 
con.secutive  months,  once  for  three  consecutive  months,  and  once  for 
four  consecutive  months,  a  tot^l  of  23  months  in  all. 

On  Neshaminy  C'reek  negative  evaporation  is  shown  6  times  for  one 
month,  5  times  for  two  consecutive  months,  and  once  for  three  con- 
secutive months,  a  total  of  19  months  in  all. 

On  Perkiomen  Creek  negative  evaporation  is  shown  10  times  for 
one  month,  twice  for  two  consecutive  months,  and  twice  for  three 
consecutive  months,  a  total  of  20  months. 

On  1'ohickon  Creek  it  is  shown  11  times  for  one  month,  4  times  for 
two  consecutive  months,  twice  for  three  consecutive  months,  and  once 
for  four  consecutive  months,  a  total  of  29  months.  The  year  1884 
shows  a  negative  evaporation  of  1.21  inches  for  the  entire  storage 
period,  and  the  year  1899  a  negative  evaporation  of  2.37  inches  for 
the  entire  storage  period.  This  latter  is  so  large  that  it  has  seemed 
best  to  reject  the  year  1899.  Probably  the  year  1884  should  also  have 
been  rejected,  but  it  has  been  allowed  to  remain. 

On  Hudson  River  negative  evaporation  is  shown  7  times  for  one 
month  and  4  times  for  two  consecutive  months,  a  total  of  15  months. 

On  Pequannock  River  it  is  shown  9  times  for  one  month  and  5 
times  for  two  consecutive  months,  a  total  of  19  months. 

On  Connecticut  River  negative  evaporation  is  shown  6  times  for 
one  month,  9  times  for  two  consecutive  months,  and  once  for  three 
consecutive  months,  a  total  of  27  months.  The  year  1873  shows 
—  3.64  inches  in  the  storage  period,  and  for  the  year  1874  the  positive 
evaporation  of  the  storage  period  is  only  0.04  inch;  for  1876  it  is  for 
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the  same  period  —2.24  inches.     The  years  1873,  1874,  and  1876  have 
been  reject-ed  in  computing  the  means. 

The  writer  has  no  doubt  that,  except  in  cold  climates,  when  nega- 
tive evaporation  occurs  for  three  or  more  consecutive  months,  there 
is  an  error  in  the  gagings.  He  also  doubts  their  accuracy  somewhat 
when  negative  evaporation  appears  for  two  consecutive  months.  As 
regards  the  storage  period,  there  is  no  difficulty  in  accex^tinj?  it  for 
one  month  as  true,  because  rainfall  or  snowfall  at  t!ie  end  of  tlie 
month  can  be  easily  carried  over  to  the  next.  This  is  also  true  some- 
times for  two  months,  but  for  the  present  it  seems  quite  doubtful  that 
other  than  in  exceedingly  rare  cases  would  negative  evaporation 
occur  for  three  consecutive  months.  Its  occurrence  for  six  consecu- 
tive months,  or  for  the  entire  storage  period,  is  believed  to  lay  impos- 
sible. It  may,  however,  be  again  pointed  out  that  its  occurrence  ren- 
ders an  attempt  at  monthly  diagrams  showing  the  relation  iK^twt^u 
rainfall  and  run-off  absurd. 

Assuming  that  the  foregoing  propositions  are  reasonably  true,  it 
follows  that  the  fn^quency  of  the  occurrence  of  negative  evaporation 
in  gaging  rec'ords  may  Im  in  some  degree  a  criterion  as  to  their  accu- 
racy. The  writer,  however,  does  not  wish  to  urge  tliis  very  strongly, 
but  merely  to  point  it  out  as  a  possibilitj-. 

In  reference  to  Tables  Nos.  1-12,  inclusive,  it  may  be  stated  that 
these  are  really  all  that  are  available  for  such  a  discussion.  There  are 
several  stream-flow  records  which  are  nearly  as  accurate  as  any  herein 
included,  but  unfortunately  they  were  not  accompanied  by  reconls 
of  rainfall,  and  the  considerable  lal)or  of  compiling  and  reducinsj 
these  has  prevented  their  use.  There  are  also  some  records,  with 
rainfall  in(»luded,  of  which  the  gagings  are  not  considered  very  reli- 
able, and  which,  for  the  present,  are  left  untouched  on  that  ac<H>uut. 

In  a  report  on  the  flow  of  the  river  Thames,  by  A.  R.  Binnie,  chief 
engineer  of  the  London  county  council,^*  the  matter  of  n«»gative 
evaporation  is  elaborately  discussed,  and  in  order  to  obtain  all  the 
information  possible  about  it  Mr.  Binnie  applied  to  (i(H)rge  J.  Synions, 
F.  R.  S.,  to  assist  him  in  arriving  at  some  approximate  idea  on  the 
subject.  Mr.  Symons  submitted  an  exceedingly  lucid  and  conclusive 
report.  Eleven  distinct  cases  of  negative  evaporation  wore  sub- 
mitted to  him  for  study  and  comment.  In  regard  to  these  he  arriviil 
at  the  following  conclusions: 

(1)  Under  normal  conditions  a  fall  of  rain  will  increase  the  flow  at  Teddiiisrt«->n 
weir  on  the  second  day  after  it  falls. 

(2)  Under  normal  conditions  the  water  running  off  from  any  given  fall  of  rain 
will  all  reach  Teddington  weir  before  the  tenth  subsequent  day. 

(3)  In  the  winter  an  interval  of  two  months,  or  in  extreme  cases  even  inort* . 
may  elapse  between  the  precipitation  of  moisture  from  the  clouds  and  its  flow 
over  Teddington  weir. 

a  Bei>ort  on  the  Flow  of  the  Rivor  Thames,  by  A.  R.  Binnie.    Publication  of  the  London  Coun'r 
Council,  dated  November  1,  IWB. 
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As  H  consequence  of  (2)  it  is  clear  that  a  heavy  rainfall  on  the  last 
days  of  any  month  may  not  appear  at  the  point  of  ji:aging  until  the 
next,  month.  Mr.  Symons  also  states  that  the  one  ^n^ai  fact  which 
ha«  Ihhmi  impressed  upon  him  l)y  these  iuA^estigations  is  the  j^reat 
effect  of  winter  frosts  in  regulating  the  flow  of  the  river  Thames  and 
ill  mitigating  winter  floods. 

The.s<»  conclusions  are  more  especially  intended  to  apply  to  the  river 
Thames.  Hence,  while  it  is  true  that  so-called  negative  evaporation 
exists  on  all  of  the  streams  considered,  tlie  conditions  are  neverthe- 
less very  diff'erent,  and  in  the  United  States  the  effect  of  holding  back 
the  flow  of  streams  by  frosts  is  in  very  many  cases  to  precipitate  a 
floo<l  of  water  later  on.  This  element  would  hardly  be  considered 
with  us  as  either  a  river  regulator  or  as  mitigating  floods. 


GROUXD  WATKR. 


MOVEMENTS   OF   GROUND   WATER. 


Ill  an  extensive  paper  Prof.  F.  II.  King  has  very  clearly  defined 
many  of  the  underlying  principles  covering  the  movements  of  ground 
water. «  In  the  beginning  of  his  paper  Professor  King  remarks  that 
th<*re  is  no  single  substance  entering  into  the  structure  of  the  earth 
which  has  played  and  is  playing  so  important  a  part  as  water.  It 
penetrates  the  soils,  sands,  and  rocks  of  the  land  areas  in  such  large 
quantities  that  sand  and  sandstones  lying  below  water  level  may 
cr)ntain  as  high  as  »i8  per  cent  of  their  volume  of  water.  Even  the 
<juantity  stored  in  soil,  gravel,  and  clay  is  very  large.  The  water 
in  a  saturated  soil  or  clay  may  range  from  22  per  cent  up  to  40  and 
even  oO  i)er  cent  of  its  dry  weight.  The  following  table,  giving  the 
water  capacity  of  undisturbed  soils  when  lying  below  the  plane  of 
saturation,  shows  the  amount  of  water  which  may  be  contained  in 
various  soils  under  natural  conditions: 


Marly  loam  ... 
Reddish  clay . 

Do    - 
Clay  with  sand 
Very  fine  sand 


Total 


Water  eapaciUf  of  undisturbed  soils. 


Kind  of  fwil. 


Depth  of       Per  cent  of  l    Inches  of 
layer.  water.      '      wat«r. 


Inches. 

0tol3 

41.3 

5.88 

12  to  24 

28.1 

T).  03 

24  to  36 

28.4 

5. 07 

36  to  48 

24.8 

4.67 

48  to  60 

17.4 

3.76 

24.41 


«  PriTioiple«  and  <'ondition.s  of  the  movements  of  groundwater,  by  F.  H.  King:    Nineteenth 
nn.  Rept.  U.  S.  Geol.  Survey,  Part  II. 
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Professor  King  states  that  there  are  many  reasons  for  believing 
that  wat^r  penetrates  the  fissures  and  interstices  of  the  earth  to 
depths  even  exceeding  10,000  feet.  If  the  waters  so  inclosed  form  no 
larger  part  than  1  per  cent  of  the  weight  of  the  material,  with  a  sx)e- 
cific  gravity  of  2.05,  the  amount  of  inclosed  water  would  l>e  sufficient 
to  form  an  envelope  265  feet  deep. 

Moreover,  Professor  King's  observations  show  that  ground  water  is 
very  easily  disturbed  and  is  constantly  in  motion.  It  responds  read- 
ily to  changes  in  barometer,  temperature,  etc.  It  is  evident  that 
these  movements  are  not  only  closely  related  to  the  rainfall,  the 
source  of  ground  water,  but  that  the  run-off  of  streams  is  considerably 
influenced  thereby. 

GROWTH   OF  STREAMS  BY  ACCESSION   OF  GROUND   WATKR. 

It  is  evident,  without  special  discussion,  that  streams  winding 
through  the  thread  of  a  valley  must  receive  accession  to  their  vol- 
umes little  by  little  as  they  move  along.  A  few  such,  cited  by  Pro- 
fessor King,  may  be  mentioned. 

1.  The  Los  Angeles  River,  in  California,  was  measured  in  the 
winter  of  1807-08,  showing  that  in  a  distance  of  50,088  feet  (11.10 
miles)  the  river  increa^sed  in  volume  from  20.41  cubic  feet  p<^r  second 
to  about  80  cubic  feet  per  sec(»nd.  The  width  of  the  riv^er  will  aver- 
age perhaps  40  feet,  and  adding  to  this  5  feet  on  each  bank,  through 
which  water  may  enter  the  stream,  w^e  have  a  seepage  surface  of  5(» 
square  feet  per  linear  foot  of  length,  whence  we  have  a  total  seepage 
surface  of  2,054,400  square  ft^t.  We  have  then  for  this  particular 
case  an  average  rate  of  seepage  of  0.0000203  of  a  cubic  foot  per  square 
foot  per  second. 

This  computation  is  made  without  reference  to  gradient,  Avhich  is 
unknown. 

A  profile  of  the  growth  of  the  Los  Angeles  River  is  also  given, 
which  shows  that  the  rate  of  accession  is  not  uniform,  but  that  much 
the  larger  portion  of  it  takes  place  in  the  upper  47  per  cent  of  the  total 
length. 

2.  The  West  Los  Angeles  Water  Company  has  a  flume  about  4,50(» 
feet  long  sunk  below  the  normal  level  of  the  ground  water  for  the 
purpose  of  collecting  the  same  and  delivering  it  at  the  siirfa<5e  lower 
down  the  valley.  The  flume  is  described  as  being  rectanjjrular  in 
cross  section,  4  feet  deep  and  5  feet  wide,  with  open  bottom,  but 
covered  and  provided  with  wooden  sides. 

On  January  21,  1807,  the  flume  was  discharging  7.2  cubic  feet  per 
second;  on  November  10,  180G,  7.20  cubic  feet  per  second;  on  March 
1,  1806,  8.5  cubic  feet  per  second;  on  November  23,  1805,  it  is  said  to 
have  discharged  10.1  cubic  feet  per  second,  but  in  April,  1898,  it  was 
discharging  6.2  cubic  feet  per  second. 

3.  The  rate  of  seepage  into  the  infiltration  pipes  of  the   Crystal 
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Springs  Land  and  Water  Company  may  be  mentioned.  This  system 
consists  of  an  east-and-west  line  of  infiltration  pipes  sunk  below  the 
normal  level  of  the  ground  water  of  the  river  valley,  which  join  in 
their  lower  portion,  when  they  deliver  the  water  collected  by  them  to 
.  the  surface.  The  pipes  are  glazed  sewer  tile,  laid  double  upon  boards 
in  the  bottom  of  a  ditch,  the  space  immediately  around  them  being 
filled  with  coarse  gravel  and  sand,  while  above  the  gravel  the  cut  is 
filled  with  material  from  the  excavation.  The  east  infiltration  line 
has  a  total  length  of  double  tile  consisting  of  1,343  feet  of  24-inch  tile, 
300  feet  of  20-inch  tile,  1,385  feet  of  15i-inch  tile,  and  619  feet  of 
12-ineh  tile,  making  a  total  of  3,647  feet  of  double  line.  The  west 
infiltration  line,  also  double,  has  a  measured  length  of  1,721  feet,  all 
of  15-inch  pipe. 

The  water  discharged  from  the  system  on  February  1,  1898,  was  9 
cubic  feet  per  second,  or  a  mean  rate  of  0.00167.7  of  a  cubic  foot  per 
second  for  each  linear  foot  of  length. 

Professor  King's  paper  includes  the  discussion  of  very  many  ques- 
tions of  great  practical  importance — as,  for  instance,  the  rate  of  filtra- 
tion of  water  through  soil,  percolation  of  water  into  undisturbed  field 
soil,  rate  of  lateral  flow  through  sands,  time  required  to  lower  the 
ground- water,  level  of  a  system  of  infiltration  pipes,  rate  of  flow  of 
water  into  wells,  flow  of  water  into  driven-well  points,  rate  of  pump- 
int^:  from  driven  well  compared  with  rate  from  open  well,  and  many 
others  which,  however,  are  not  referred  to  here  from  lack  of  space. 
The  paper  is  worthy  of  close  attention  from  everybody  interested  in 
ground  water. 

The  paper  also  includes  a  concise  summary  of  what  has  been  done 
by  a  number  of  European  observers.  A  few  papers  on  ground  water 
have  appeared  since  the  publication  of  Professor  King's,  which,  how- 
ever, the  writer  has  not  seen. 

In  connection  with  the  studies  of  Professor  King,  Prof.  Charles  S. 
Slichter  undertook  a  theoretical  investigation  of  the  motion  of  ground 
water,  and  his  paper  also  appears  in  the  Nineteenth  Annual  Report 
of  the  United  States  Geological  Survey. « 

In  this  paper  Professor  Slichter  studies  the  question  mostly  from  the 
mathematical  point  of  view.  As  an  example  of  the  nature  of  the 
problems  touched  hy  him  the  following  may  be  cited : 

G-iveu.  a  nniform  bed  of  unfissured  sandstone  100  feet  thick,  lying  between 
impervious  layers  and  dipping  5  feet  per  mile;  given,  further,  (a)  a  uniform 
temperature  of  10  C;  (6)  a  pore  space  of  30  per  cent;  (c)  an  effective  size  of 
^rain  of  O.lo  mm. ;  {(l)  an  effective  head  of  10  feet,  and,  (e)  supposing  no  cementing 
or  clogging  material  between  grains;  required,  the  possible  discharge  in  cubic  feet 
per  minute  per  foot  of  vertical  section  into  a  vertical  fissure  extending  at  right 
angles  to  the  dip  and  constantly  filled  with  water,  when  the  fissure  is  20.  40,  60, 
80,  100,  120,  140,  160,  180,  and  200  miles  from  the  border  of  the  collecting  area. 

<t  Theoretical  investigation  of  the  motion  of  ground  watera,  by  Prof.  Chas.  S.  Slichtei*:  Nine- 
teenth Ann.  Rept.  U.  S.  Geol.  Survey  a897-98),  Part  II. 
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The  rainfall  on  the  catchment  area  is  snflRcient  to  maintain  a  constant  overflow 
across  its  border. 

The  pax)er  concludes  with  a  list  of  about  80  titles  of  papers  on 
ground  water  and  related  topics. 

RF.IjATIOX  of  GEOIjOGIC  STRTTCTURF  to  Rl^X-OFF. 

It  is  somewhat  uncertain  whether  d iff ei*ence  in  soil  due  to  difference' 
in  character  of  rocks  has  much  influence  on  the  run-off,  although 
casually  it  appears  that  sandy  soils,  from  their  porousness,  do  consid- 
erably affect  the  result.  Recent  studies  of  this  subject  have  shown 
(1)  that  in  many  river  basins  the  annual  run-off  stands  in  a  nearl3- 
constant  relation  to  the  rainfall,  and  (2)  that  this  constancy  is  more 
marked  when  the  excess  rainfall  above  a  certain  minimum  annual 
depth  is  Cv)nsidered.  This  latter  statement  is  equivalent  to  savin;: 
that  if  the  yearh'  rainfall  is  less  than  such  minimum  depth  little  or 
no  run-off  will  take  place. 

The  general  truth  of  this  proposition  is  shown  bj'  many  Western 
streams  where  the  run-off  is  little  or  nothing.  In  New  Jersey  1- 
inches  of  rain  during  the  summer  season  produce  a  run-off  of  1.'5 
inches,  though  others  have  stated  a  somewhat  different,  relation.  In 
the  State  of  New  York  from  1.7  tro  2  inches  may  be  considered  the 
general  range.  As  to  the  amount  of  rain  required  to  produce  an^ 
run-off  at  all,  from  12.5  to  16.5  inches  have  been  given.  For  this  mini- 
mum manv  Western  streams  do  not  run  more  than  0.25  to  0.5  inch, 
and  some  even  are  perfectly  dry.  These  statements  indicate  that  the 
character  of  the  soil,  nature  of  vegetation,  the  elevation,  etc.,  are  of 
comparatively  small  importance  as  regards  relation  between  the  yearly 
volumes  of  rainfall  and  run-off.  If,  however,  we  consider  the  rainfall 
and  run-off  of  the  several  periods,  as  shown  by  the  accompanying 
tables,  it  is  not  entirely  certain  that  these  propositions  are  other  than 
approximately  true.  The  weight  of  evidence  indeed  is,  on  the  whole, 
negative.  Mr.  Vermeule  is  disposed  to  attribute- nearl3'^  all  of  the 
differences  between  streams  to  difference  in  geology,  and  accordingly 
gives  a  geologic  classification  for  the  New  Jersey  streams,  Mr. 
Vermeule  says: 

As  a  rule,  the  watersheds  which  lie  upon  the  same  geological  formation  "will  lw» 
found  to  have  a  strong  resemblance,  both  in  the  character  of  flow  and  in  the 
chemical  composition  of  the  waters. 

Yet,  as  will  be  shown  later,  the  Genesee  and  Oswego  rivers,  two 
streams  with  approximately  the  same  run -off,  lie  mostly  in  different 
geologic  formations.  As  regards  quality  of  soils,  Mr.  Vermeule  also 
says : 

It  may  be  inferred  that  the  kind  of  soil  has  much  less  to  do  with  the  amonnt  of 
evaporation  than  has  the  temperature. 

As  regards  the  relation  between  geology  and  run-off,  it  is  undoubt- 
edly complicated,  although  it  is  interesting  to  note  that  in  the  St^ite 
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of  New  York  streams  which  flow  from  the  north  into  Mohawk  River, 
after  crossing  over  a  narrow  strip  of  Trenton  limestone  and  Calcifer- 
our  sand  rock,  and  which  head  in  the  Laurentian  granite  of  the 
Adirondacks,  have  larger  flows  than  those  coming  to  the  Mohawk 
from  the  south,  which  lie  mostly  in  the  horizon  of  the  Hamilton 
shales,  the  headwaters  of  some  of  them — as  for  instance,  Schoharie 
Creek — being  in  the  sandstones  of  the  Chemung  and  Portage  groups. 
In  their  lower  reaches  they  cross  over  the  sandstones  and  shales  of 
the  Hudson  and  Utlca  groups,  with  narrow  strips  of  Helderherg 
limestone,  Oriskany  sandstone,  and  Onandaga  limestone. 

However,  there  is  another  consideration.  The  headwaters  of  the 
streams  to  the  north  of  the  Mohawk  nearly  all  lie  in  a  region  heavily 
tiinl>ered — some  of  it  is  still  primeval  forest — while  those  to  the  south 
are  from  a  highly  cultivated  country,  practically  deforested. 

AVe  may  now  consider  the  case  of  Genesee  and  Oswego  rivers,  re- 
ferring to  the  large  geologic  map  of  the  State  of  New  York,  pub- 
lished in  1804,  by  James  Hall,  in  cooperation  with  the  U.  S.  Geological 
Siirvev. 

(4eTiesee  River  has  an  average  rainfall  of  about  40  inches  and  Oswego 
River  of  about  37  inches.  That  portion  of  Genesee  River  which  has 
been  gaged  lies  almost  entirely  in  the  shales  and  sandstones  of  the 
Portage  and  Chemung  groups.  Oswego  River,  on  the  contrary,  lies 
in  the  horizon  of  the  Portage  sandstones  and  shales,  Hamilton  shales, 
Onandaga  and  Helderberg  limestones,  Oriskany  sandstone,  the  rocks 
of  the  Salina  or  Salt  gi'oup,  the  Lockport  limestone,  Clinton  lime- 
stone*' and  shales,  Medina  sandst(mes,  and  Utica  sandstones  and 
shales,  including  the  Oswego  sandstone.  The  Chemung,  Portage,  and 
Hamilton  formations  have  a  wide  outcrop,  while  the  Onandaga, 
Oriskany,  and  Helderberg  are  comparatively  narrow  bands.  The 
Salina,  Lockport,  Clinton,  and  ITtica  formations  are  all  of  consider- 
able extent.  Both  of  these  streams  are  practically  without  forests, 
although  slight  exception  to  this  statement  may  be  noted  on  the 
extreme  headwaters  of  the  Genesee  River  in  Pennsylvania,  where 
there  is  still  a  small  area  of  partially  cut  forest. 

It  is  an  interesting  circumstance  that  the  geologic  formations  in 
whicli  the  Genesee  and  Oneida  rivers  lie  all  have  a  slope  to  the  south 
or  southwest  of  from  10  to  30  feet  per  mile.  The  main  trend  of  the 
Genesee  River  is  south  and  north,  while  the  two  main  branches  of 
Oswego  River — Seneca  and  Oneida — lie  east  and  west.  The  Mohawk 
also  flows  from  west  to  east.  On  this  basis  the  Portage,  Hamilton, 
Onandaga,  Oriskany,  Helderberg,  and  Salina  groups  lie  mostly  south 
of  the  Seneca  and  Oneida  rivers,  while  a  portion  of  the  Salina,  Niagara, 
Clinton  and  Medina  groups  lie  mostly  to  the  north.  It  is  interesting, 
tlierefore,  to  speculate  as  to  whether  it  is  possible  that  considerable 
water  escapes  through  these  formations,  finally  appearing  far  to  the 
south,  but  in  tlie  lack  of  any  certain  evidence  this  must  be  consideerd 
as  merely  a  speculation. 


48  RELATION  OF  RAINFALL  TO  RUN-OFF.  [no.80. 

It  may  be  also  noted  that  for  tributaries  of  the  Mohawk  River  lying 
to  the  north,  the  stratified  formations — Utica  shales,  Trenton  group, 
Calciferous  sand  rock,  etc. — slope  toward  the  stream,  and  hence  may 
be  expected,  if  there  is  anything  in  this  view,  to  deliver  more  water 
than  that  merely  due  to  the  rainfall  of  the  catchment  as  measured  on 
the  surface. 

On  the  Upper  Mohawk  there  is  some  evidence  that  this  is  true. 
The  limestones  here  are  open,  and  at  several  places  streams  on  the 
surface  sink,  to  I'eappear,  in  one  case  at  any  rate,  with  greatly 
increased  volume  several  miles  farther  down.  Again,  at  Howe's 
cave,  in  Schoharie  County,  there  is  a  large  stream  of  water  flowing  in 
the  cave  which,  so  far  as  known,  does  not  appear  anywhere  on  the 
surface. 

Moreover,  the  Muskingum  River  may  be  referred  to.  This  stream 
lies  in  the  unglaciated  region  in  southeastern  Ohio,  mostly  in  the 
horizon  of  the  Conglomerate  group  of  the  Carboniferous.  The  main 
Muskingum  River  flows  generally  from  north  to  south,  with  its  main 
branches  to  tlie  east  and  west,  that  to  the  west  going  a  short  distance 
into  the  Waverly  group,  which  is  chiefly  sandstone  and  shale,  a  sub- 
division of  the  Carboniferous.  The  dip  is  from  west  to  east.  In  view 
of  the  extremely  low  run-off  of  this  stream,  it  seems  tolerably  evident 
that  there  can  be  no  material  contribution  by  percolation  through 
these  strata. 

As  other  examples  of  underground  flow,  the  writer  may  mention 
Toyah  Creek,  in  Texas,  where  a  stream  of  (his  recollection  is)  40  or 
50  cubic  feet  per  second  flows  from  the  base  of  a  mountain  with  no 
indication  as  to  its  source.  The  well-known  streams  in  Mammoth 
and  Luray  caves  are  doubtless  familiar  to  all.  There  are  also  a  num- 
ber of  river  channels  in  the  West  where  the  water  sinks  into  the 
porous  soils,  to  reappear  at  some  point  lower  down;  but  these  are 
hardly  allied  to  the  cases  under  consideration,  because  the  source  is 
here  visible. 

A  stream  at  Lausanne,  Switzerland,  may  also  be  mentioned.  In  1 87^ 
there  was  a  serious  epidemic  of  typhoid  fever  at  Lausanne,  Switzerland, 
which,  on  investigation,  was  found  to  proceed  from  a  brook  irrigating 
lands  about  a  mile  distant  from  a  public  well,  from  which  the  Si>> 
inhabitants  of  the  village  mostly  took  their  water  supply.  Ten  years 
before,  or  in  1862,  a  hole  had  appeared  in  the  channel  of  the  brook  at 
a  certain  point,  8  feet  deep  and  3  feet  wide,  which  disclosed  at  its 
bottom  a  running  stream,  apparently  fed  by  the  brook  from  a  point 
higher  up.  The  brook  itself  was  led  into  this  hole,  with  the  result 
that  the  water  all  disappeared  and  in  an  hour  or  two  streamed  out  at 
the  public  well,  showing  a  connection  which  had  been  suspected  for 
years.     On  refilling  the  hole  the  brook  returned  to  its  bed. 

After  the  epidemic  had  ceased  in  1872  an  investigation  'wsls  heM, 
the  hole  was  reopened  and  a  large  quantity  of  salt  thrown  in,  its  pres- 
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eiice  in  the  public  well  was  easily  ascertained  by  a  chemical  exami- 
nation. 

This  case  discloses  some  points  of  interest.  Here  was  a  consider- 
able stream  flowing  underground  which  was  easily  increased  from 
the  "water  of  the  brook,  which  was  on  the  surface.  Again,  the  flow 
here  was  through  coarse  gravel. 

In  the  literature  of  canal  construction  there  are  a  number  of  e^ses 
cited  in  which  large  losses  of  water  have  taken  place  either  through 
coarse  j^ravel  or  seamy  rocks.  Doubtless  there  are  numerous  other 
cases,  which,  however,  are  not  specially  important,  for  it  is  the 
writer's  intention  only  to  point  out,  in  a  general  way,  reasons  why 
such  lofeses  may  sometimes  take  place. 

The  outflow  from  Skaneateles  Lake  has  been  cited  as  showing  a 
liirg^e  loss,  presumably  by  percolation  through  strata,  but  on  reference 
to  the  original  authority  it  is  clear  enough  that  an  error  has  been 
math*  in  so  citing  it,  because  the  flow  measured  was  really  through  9 
miles  of  natural  channel  and  8  miles  of  canal,  to  Montezuma.  It  may 
be  mentioned  that  the  problem  to  be  determined  by  this  measurement 
wiis  the  discharge  into  Seneca  River  and  it  is  quite  ixwasible  that  there 
may  have  been  a  deficiency  from  the  west. 

Skaneateles  Lake  lies  at  an  elevation  of  807  feet  above  tide  water 
aii<l  a  distance  of  about  I)  miles  south  of  the  Erie  Canal,  for  which  it 
has  been  used  as  a  feeder  since  1844.  In  1859  Mr.  S.  11.  Sweet  made 
me;^isurements  of  the  flow  to  the  canal  and  through  the  same  to  Mon- 
tezuma,, wheiti  the  surplus  water  is  discharged  into  Seneca  River,  to 
which  it  was  found  to  deliver  125  cubic  feet  per  second.  Measure- 
ments were  also  made  at  the  foot  of  the  lake,  where  the  flow  amounted 
to  188  cubic  feet  per  second.  The  loss  was  63  cubic  feet  per  second, 
or  one-third  of  the  whole.  Skaneateles  Lake  itself  lies  in  the  Hamil- 
ton formation,  and  its  outlet,  on  its  way  to  the  Erie  Canal,  flows 
across  the  Onondaga,  Oriskany,  llelderberg,  and  Salina  formations. 
The  dip  is  here  from  north  to  south,  while  the  stream,  which  is 
tributary  to  the  Seneca  River,  the  main  westerly  branch  of  the 
Oswego,  flows  from  south  to  north,  or  in  the  right  direction  to  realize 
the  maximum  possible  leakage,  or  percolation,  through  the  strata. 
Inasmuch  as  no  such  leakage  is  mentioned,  it  may  be  reasonably  con- 
cluded that  none  occurred. 

Cassenovia  Lake  and  Erieville  reservoirs  are  also  mentioned,  and 
considerable  loss  of  water  is  given,  which  when  analyzed  is  found 
to  be  loss  of  water  in  the  canal,  and  hence  not  in  any  degree  attribu- 
table to  leakage  through  strata.  Cazenovia  Lake  and  Erieville  res- 
ervoirs both  lie  south  of  the  Erie  Canal,  and  flow  across  substan- 
tially the  same  strata  as  Skaneateles  Lake.* 

Such  facts  as  these,  while  lacking  the  proof  of  a  scientific  demon- 
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stration,  are  still  very  interesting  and  indicate  that  we  have  yet  much 
to  learn  of  the  peculiarities  of  stream  flow.  On  the  whole,  while  they 
undoubtedly  point  to  a  moderate  loss  from  percolation,  so  far  a«  the 
writer  can  see  they  do  not  indicate  any  great  probability  of  very  lai^«^ 
loss  from  this  cause.  They  do  emphasize  the  fact  that  every  catch- 
ment area  will  have  its  own  formula. 

By  way  of  showing  that  the  theory  of  large  evaporation  on  defor- 
ested catchment  areas  is  broadly  more  reasonable  than  the  theorj- 
that  there  is  any  great  loss  of  water  by  seepage  owing  to  inclination 
of  the  strata,  we  may  consider  the  Croton  record  as  given  by  tin* 
appended  Table  No.  3,  where  it  will  be  noted  that  the  evaporation 
from  this  area  is  substantially  the  same  as  that  fi'om  Musking-um  and 
Genesee  rivers;  that  is  to  say,  it  is  the  evaporation  of  a  deforest^Hl 
area — the  area  in  forest  on  this  <*atchment  does  not  exceed  in  j»er 
cent.  In  placing  it  at  10  per  cent  the  writer  means  the  equivalent  in 
actual  effect  of  dense  forest.  As  regards  geologic  formation  thi^ 
catchment  lies  almost  entirely  in  granites  and  gneisst^s,  in  which, 
from  their  homogeneous  cluiracter,  it  is  difficult  to  assume  any  h»>s 
by  percohition  through  strata.  There  is,  however,  a  small  art*a  of 
metamorphic  Hudson  formation,  consisting  of  slate,  sHiist,  and 
quart zite,  and  also  a  snmll  area  of  metamorphic  Trenton  and  l^ah^if- 
erous  limestones,  but  it  is  exceedingly  improbable  that  any  n>ck> 
which  have  Ix^en  subjected  to  metamorphic  changes  are  in  any  degree- 
penneable.  This  watei'shed  must  therefore  be  considered  as  nn<h*r- 
lain  by  an  impermeable  formation.  All  of  the  water  fallinc:  upon  it 
except  that  absorbed  b}'  evaporation,  chemical  changes,  c^tc,  i-t*appear> 
as  run-off  in  the  streams.  It  nuiy  be  safely  assumed  that  theiv  are 
no  other  losses.  Nevertheless,  the  ev^aporation  of  this  stream  i.s  that 
tentatively  placed  upon  other  deforested  areas.  Moreover,  thei-e  i^ 
another  interesting  consideration  of  which  brief  note  may  l>e  taken  at 
this  place.  In  deference  to  the  water  supply  department  of  tlie  city 
of  New  York,  the  writer  has  used  in  computing  the  monthly  run-off  the 
catchment  area  of  338. 8  square  miles.  Mr.  Vermeule,  however,  ass4^rt> 
that  this  area  is  not  the  true  one.  He  says  the  true  area  above  old 
Croton  dam  is  353.1  sqimre  miles.  If  we  assume  this  to  be  true  it 
follows  that  the  average  run-off,  instead  of  being  22.8  inches,  is  over 
4  per  cent  less,  or  is,  roundl^y,  21.8  inches.  This  raises  the  evapora- 
tion from  26.6  inches  to  27.0  inches.  In  his  report  on  forests,  Mr. 
Vermeule  has  placed  the  evaporation  of  his  second  Croton  series, 
which  the  writer  understands  him  to  consider  more  reliable,  at  22. »• 
inches,  a  difference  of  5  inches  from  the  foregoing  figures,  \ii'hich  it 
may  be  remarked  is  based  upon  the  latest  revision  and  is  presumably 
more  likely  to  be  correct. 

The  catchment  area  of  Lake  Cochituate  may  be  mentioned.  Ac- 
cording to  Mr.  Fitz Gerald,  the  slopes  of  the  Cochituate  catehineni 
are  flat  and  sandy,  with  a  surface  of  mostly  modified  drift.  Th.« 
average  rainfall  for  twenty-nine  years,  from  1803  to  1801,  is  47. 1  in<dif'N 
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the  average  run-off  20.3  inches,  and  the  evaporation  for  this  period 
26.8  inches.  This  evaporation  places  it  at  once  in  the  category  of 
deforesed  streams.  Probably  the  equivalent  of  dense  forest  does 
not  exceed  5  per  cent. 

The  catchment  area  of  Sudbury  River  has  steeper  slopes  than  that 
of  Lake  Cochituate  and  is  largely  composed  of  unmodified  drift.  The 
rainfall  for  twenty-six  years  is  1  inch  less  than  on  the  Cochituate 
catchment,  and  the  run-off  2.3  inches  larger.  The  amount  of  forest 
does  not  exceed  6  to  8  per  cent.  Neshaminy  Creek  flows  from  north  to 
south,  emptying  into  the  Delaware  River  not  far  from  Bristol.  For 
several  miles  its  headwaters  flow  from  west  to  east.  Perkiomen 
Creek  flows  from  north  to  south,  and  enters  the  Schuylkill  River  about 
7  miles  above  the  city  of  Norristown.  Tohickon  Creek  flows  from 
i?v^est  nearly  due  east,  although  somewhat  crooked  for  a  few  miles, 
then  flowing  in  a  southwesterlj''  direction  it  reaches  the  Delaware 
liiv^er. 

The  surface  of  the  ground  in  mostly  farm  land  under  a  high  degree  of  cultivation. 
The  original  forest  growth  has  been  almost  entirely  cut  away,  and  the  little 
remaining  timl)er  is  found  generally  on  the  banks  of  the  creeks,  where  the  hill- 
side Ls  tfX)  steep  to  lie  cultivated,  or  on  a  few  patches  of  bottom  land.  This 
growth  is  mostly  composed  of  hickory,  chestnut,  oak,  and  ash.  Even  this  is  fast 
disstppearing  to  supply  the  ever-increasing  demand  for  railroad  ties,  fence  posts, 
find  rails.  The  proportion  of  cultivated  lands,  woodlands,  etc.,  is  as  follows: 
Woodland,  about  20  per  cent;  cultivated  land,  about  77.5  per  cent;  roads,  2  per 
cent,  and  flats,  0.5  per  cent.« 

On  the  upper  Hudson  River,  with  a  catchment  al)ove  Mechanic ville 
of  4,5()0  square  miles,  the  average  rainfall  for  the  fourteen  years  from 
1S88  to  1901,  inclusive,  was  about  4-1:. 2  inches,  the  average  run-olf 
23.3  inches,  and  the  evaporation  20.9  inches.  Above  Glens  Falls 
this  stream  lies  almost  entirely  in  the  pre-Cambrian  gneiss,  from  which 
it  is  improbable  that  there  is  any  loss  of  water.  Its  main  tributarj^ 
to  the  west,  Sacandaga,  is,  by  observation,  an  exceedingly  prolific 
water  yielder.  To  the  east,  the  Battenkill  and  Hoosic  rivers  have  a 
different  geologic  history.  The  Battenkill  flows  across  the  Hudson 
shales,  the  Georgia  limestones  and  shales,  finally  rising  in  the  meta- 
111  Orphic  Hudson  and  Trenton  formations.  The  Hoosic  River  has 
a  similar  geologic  history.  The  run-off  of  the  Hoosic  River  is,  with- 
out doubt,  considerably  less  than  that  of  the  main  Hudson.  The 
average  precipitation  in  western  Massachusetts  from  1887  to  1895, 
inclusive,  was  38.98  inches,  as  against  43.29  inches  in  the  northern 
plateau  from  1889  to  1895,  inclusive,  a  difference  of  4.31  inches. 
Should  such  difference  continue,  the  run-off  of  Hoosic  River  might 
be  expected  to  be,  on  an  average,  about  20  inches.  Moreover,  the 
Hudson  River  above  Glens  Falls  (catchment  about  2,800  squares 
miles)  is  still  largely  in  forest — probably  about  85  per  cent — but  on 

oCodman,  John  E.,  ObseryatioiiB  on  rainfall  and  stream  flow  in  eastern  Pennsylvania:  Proc. 
Engrs  Olnbof  Phila.,  Vol.  XIV,  No.  2,  Jnly-Sept.,  1897. 
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the  catchments  of  Wood  Creek,  Battenkill,  and  Hoosic  rivers  the 
proportion  of  forest  is  very  much  less — as  an  offhand  estimate,  the 
writer  would  say  perhaps  20  to  30  per  cent.  The  run-off  of  Schroon 
River,  which  is  perhaps  70  per  cent  of  an  equivalent  to  fairly  dense 
forest,  is  for  four  years  26.84  inches.  There  is,  however,  some  douht 
whether  this  record  is  entirely  reliable,  and  for  the  present  it  is  not 
intended  to  more  than  merely  call  attention  to  the  general  proposition 
that  this  stream,  which  issues  from  an  impermeable  watershed  with 
70  per  cent  of  its  catchment  in  forest,  has  a  rather  large  run-off. 
The  whole  catchment  area  of  the  Upper  Hudson  of  about  4,500  square 
miles,  will  probably  not  exceed  50  to  60  per  cent  of  forest. 

The  following  are  the  catchment  areas  of  the  several  streams  here 
considered:  Hoosic,  711  square  miles;  Battenkill,  438  square  miU\s; 
Sacundaga,  1,057  square  miles,  and  Schroon  River,  570  square  miles. 

The  Pequannock  River  may  also  be  referred  to.  This  stream  i?> 
characterized  by  sharp  slopes  throughout  its  whole  extent.  Its  head- 
waters are  at  an  elevation  of  about  1,500  feet,  while  the  mouth  is  only 
170  feet  above  tide.  The  catchment  is  about  14  to  16  miles  lon^  by  4  to 
7  miles  wide.  Mr.  Vermeule  states  that  its  headwaters  lie  in  the 
pre-Cambrian  highlands.  Tlie  sharp  slopes,  combined  'with  small 
catchment  area,  undoubtedly  account  for  the  relatively'  large  run-off 
of  this  stream.  There  is  also  an  uncertainty  of  1  or  2  iri(»hes  in  the 
rainfall  record.  The  catchment  is  judged  by  the  writer  to  l>e  7" 
per  cent  forest. 

In  riding  over  the  Pequannock  catchment  several  times  the  writer 
was  much  struck  by  the  fact  that  ^iside  from  the  main  valleys  there 
are  no  gulleys  throughout  this  area.  The  record  sliows  that  precipi- 
tation is  frequently  very  heavy,  but  it  has  been  thus  far  without  effect. 
The  indications  appear  to  be  that  the  rainfall,  however  intense  it  may 
be,  sinks  almost  entirely  into  the  ground,  and  without  doubt  this 
peculiarity  has  its  effect  on  the  run-off. 

It  may  be  pointed  out  that  the  geology  of  Muskingum  and  Gene.^^t^ 
rivers  is  substantially  the  same,  while  the  geology  of  Croton  River 
and  that  of  Lake  Cochituate  are  entirely  different.  Nevertheless, 
when  analyzed  by  aid  of  the  diagrams  (figs.  12-10,  inclusive),  these 
streams  are  seen  to  all  have  substantially  the  same  evaporation  ami 
run-off,  although  the  rainfall  on  Croton  River  and  Lake  Cochituate 
is  different  from  that  of  Muskingum  and  Genesee  rivers.  Hudson 
River,  however,  which  has  much  the  same  geology  as  Croton  Rivt^r 
and  Lake  Cochituate,  has  still  a  very  different  run-off  and  evajwra- 
tion.  Oswego  River,  which  lies  in  a  different  formation  from  Genestv 
River,  has  still  nearly  the  same  evaporation.'' 

These  several  facts  favor  the  view  that  deforestation  is  the  real 
cause  of  the  smaller  run-off  of  Muskingum,  Genesee,  and  Croton  rivers 
and  Lake  Cochituate. 


aTh©  evajwration  of  Oswego  River  is,  in  fact,  a  little  greater,  dn©  to  the  existence  of  l^rs^ 
marsk  areas  on  Osweiro  River. 
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EFFECTS  OF  FORESTS. 

DO  FORESTS  INCREASE   RAINFALL? 

The  evidence  on  this  point  is  conflicting.  The  variation  of  the 
observed  from  the  true  rainfall  being  so  great,  as  has  just  been  shown, 
tlie  answer  to  tliis  question  must  be  regarded  as  very  uncertain.  It 
has  been  discussed  by  Ph*ofessor  Abbe  and  Dr.  Hough. ^  The  follow- 
iug  summation  by  Dr.  Hough,  although  made  20  years  ago,  may  be 
accepted  as  expressing  tlie  fact  at  the  present  dav. 

The  reciprocal  inflnences  that  operate  between  woodlands  and  climate  appear 
U>  indicate  a  close  relation  between  them.  It  is  observed  that  certain  consequences 
follovr  the  clearing  off  of  forests,  which  can  scarcely  be  otherwise  regarded  than 
as  a  direct  effect,  snch  as  the  diminution  of  rivers  and  the  drying  up  of  streams 
and  springs.  Other  effects,  scarcely  less  certain,  are  seen  in  the  occurrence  of 
destructive  floods,  and  of  unseasonable  and  prolonged  droughts,  with  other  vicis- 
situdes of  climate  which  it  is  alleged  did  not  occur  when  the  country  was  covered 
with  forests.  These  appear  to  have  been  brought  about  by  their  removal,  and 
nii^ht,  in  a  great  degree,  be  alleviated  by  the  restoration  of  woodlands  tf)  a  degree 
t'onaiatent  with  our  best  agricultural  interests. 

On  the  other  hand,  there  are  many  facts  tending  to  show  that  the  presence  or 
absence  and  the  character  of  forests  are  the  effect  of  climate,  and  that  their  culti- 
vation generally,  or  the  planting  of  particular  species,  is  closely  dependent  upon 
it.  These  conditions  of  climate  should  be  understood  before  forest  cultivation  is 
attempted.  It  is  also  to  be  noticed  that  differences  of  opinion  have  been  expressed 
among  men  of  science  as  to  the  extent  of  influence  that  forests  exert  upon  the 
climate,  and  it  is  quite  probable  that  the  advocates  of  extreme  theories  may  have 
erreil  on  both  sides.  But  where  principles  depend  upon  facts  that  may  be  settled 
by  observation,  there  should  be  no  differences  of  opinion;  and  as  there  is  no  fact 
in  this  subject  that  may  not  be  verified  or  disproved,  the  existence  of  such 
diflferences  only  shows  the  want  of  accepted  evidence  derived  from  trustworthy 
records. 

The  interested  reader  is  referred  to  Dr.  Hough's  reiM)rt,  which  may 
1m*  easily  obtained,  for  an  extended  discussion  on  this  point. 

EFFECTS  OF   F(XRESTS   ON  RUN-OFF. 

The  extent  of  forestation  has  probabl}'^  a  considerable  effect  on  the 
run-oflF  of  streams.  With  similar  rainfalls,  two  streams,  one  in  a 
rej^ion  having  dense  primeval  forests,  the  other  in  a  region  wholly  or 
partially  deforested,  will  show  different  run-off.  The  one  with  the 
dense  forests  will  show  larger  run-off  than  the  stream  in  the  deforested 
area.  In  some  parts  of  the  State  of  New  York  these  differences  ma>' 
a  in  ou lit  to  as  much  as  5  or  0  inches  in  depth  over  the  entire  catchment 
area-  Vet  it  must  be  said  that  this  propositicm  is,  for  the  i)resent, 
tentative  in  its  character. 

The  writer  is  particular  to  specify  dense  forests,  because  a  good 
deal  of  discussion  has  clustered  around  this  point.     Of  such  forests, 


aBeport  upon  forestry,  by  Franklin  B.  Hough,  U.  S.  Dei»rtment  of  Agriculture  (1877j. 
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the  most  effective  ai'e  those  composed  of  spruce,  pine,  and  otlier  ever- 
green trees.  Where  the  forest  is  more  or  less  open  to  wind  and  suu- 
*  shine,  its  effect,  while  considerable,  is  still  much  less  marked  than 
that  of  dense  evergeen  forests  where  the  sun  seldom  penetrates  and 
the  wind  effect,  even  in  a  gale,  is  only  slight.  On  a  catchment  area 
where  there  are  only  scattered  patches  of  forest,  the  effect  is  practically 
the  same  as  on  a  deforested  area.  The  same  proposition  is  generally 
true  on  a  catchment  with  young  trees.  What  is  wanted  for  the  max- 
imum effect  is  a  mature  evergreen  forest. 

This  proposition,  however,  though  definitely  stated  here,  has  be<^n 
nevertheless  the  subject  of  considerable  discussion,  and  owing  to  its 
complex  nature,  it  is  improbable  that  a  final  conclusion  concerning  it 
will  very  soon  be  reached.  The  writer  has  discussed  this  subject  in 
various  papers,  which  may  be  referred  to  for  details  that  are  mostly 
omitted  here.^ 

W^HY   THE   REMOVAL   OF   FORESTS  AFFECTS  STREAM    FLOW. 

Whatever  question  there  may  be  as  to  the  influence  of  forests  on 
rainfall,  there  is,  in  the  opinion  of  the  writer,  none  as  to  such  influ- 
ence on  stream  flow.  Yet  this  proposition  has  also  been  discussed  pro 
and  con  and  is  likely  to  give  rise  to  further  discussion,  and  the  con- 
clusion will,  therefore,  for  the  present  be  considered  tentative  in  it^ 
character. 

It  seems  to  the  writer  that  the  removal  of  forests  decreases  stream 
flow  by  allowing  freer  circulation  of  the  air  and  by  causing:  higher 
temperature  and  lower  humidity  in  summer  and  so  producing  s^reater 
evaporation  from  water  surfaces,  as  well  as  from  the  ground. 


a  The  following  repjorts  and  pai)er8  are  cited : 

1.  Three  rejiortaon  Genesee  River  storage  surveys:  Appendixes  to  Ann.  Repta.  State  Enpine^r 
and  Surveyor  for  1893, 1894,  and  1896. 

2.  Two  reports  on  Upper  Hudson  storage  surveys:  Appendixes  to  Ann.  Repts.  8tat«^  Eiifinnerr 
and  Surveyor  for  18H5  and  1896. 

3.  Water  supply  of  the  western  division  of  the  Erie  Canal:  Ann.  Rept.  State  Enprinef^r  and  Sur- 
veyor for  1896. 

4.  The  e<'onomics  of  the  Hudson  River:  lecture  before  the  engim^ring  classes  of  Rensi^l««r 
Polytechnic  Institute,  Feb.  24, 1897. 

5.  Stream  flow  in  relation  to  forests:  Proc.  Am.  Forestry  Association,  Vol.  XII,  IJ^T;  at**, 
reprint  in  Ann.  Rept.  Fisheries,  Game  and  Forest  Commission  (1806),  published  in  1S98.  Reprint. 
1898. 

6.  Natural  and  artificial  forest  reservoirs  of  the  State  of  New  York:  Third  Ann.  Rept.  Fi-h- 
eries.  Game,  and  Foi-est  Commission  (18S)7),  published  in  1809.    Reprint,  1899. 

7.  Water  Rest)urces  of  tlie  State  of  New  York,  Parts  I  and  11:  Water-Supply  and  Irrifcati<r^ 
Papers  U.  S.  Geol.  Survey,  Nos.  24  and  25,  1899. 

8.  On  the  ai)plication  of  the  principles  of  forestry  and  water  storage  to  the  miU  strt^ams  <»f  tb»' 
State  of  New  York:  Pnjc.  Twenty -second  Ann.  meeting  of  Pulp  and  Paper  AnHociation.     i  lAii,  ■ 

9.  Indian  River  dam,  by  Geo.  W.  Rafter,  Wallace  Greenalch,  and  Robert  E.Horton:  Rnirinf-fr- 
ing  News,  May  18,  1899.    Reprint,  1899. 

10.  Data  of  stream  flow  in  relation  to  forests;  lecture  before  engineering  claaaes  of  Corn*!' 
University,  April  14,  1899:  Trans.  Association  of  CMvil  Engineers  of  Cornell  Universily,  Vol.  VIL 
1899.    Reprint,  1899. 

11.  A  report  on  a  water  supply  from  the  Adirondack  Mountains  for  the  city  of  New  Ycrt: 
Appendix  E  of  an  inquiry  into  the  conditions  relating  to  the  water  supply  in  the  city  ot  Xr*- 
York  by  the  Merchants'  As.Hociation,  1901). 

12.  Report  to  the  B<^)ard  of  Engineers  on  deep  waterways,  on  the  water  supply  of  enlarg^i 
canals  through  the  State  of  New  York;  Appendix  1«,  pp.  571-950.    (1901.) 
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That  the  removal  of  forests  renders  stream  flow  less  equal  through- 
out the  year  and  so  causes  floods  and  periods  of  dryness  in  rivers 
stHMUs  to  be  l>eyond  reasonable  question,  for  the  forest  litter  and  root 
masses  serve  as  storage  reservoirs,  tending  to  equalize  the  flow  of 
sti'eaiiis. 

Space  will  not  be  taken  to  discuss  these  propositions,  because  very 
little  can  be  added  to  pi'evious  discussions.  The  reader  is  referred  to 
the  Bulletin  Xo.  7,  of  the  Forestry  Division  of  the  Department  of 
Agriculture  on  Forest  Influences,  as  well  as  to  Dr.  Hough's  report  on 
forests,  for  fairly  complete  discussions. 

FORESTATION  OF  THE  CROTON  CATCHMENT  AREA. 

In  a  paper  ^  read  before  the  American  Forestry  Association  in  1901, 
Mr.  Vermeule  proposes  the  question  whether  the  forestation  of  the 
catchment  area  of  the  Croton  water  supply  is  advisable.  In  considering 
this  question  it  may  be  pointed  out  that  if  the  Croton  watershed  were 
forested,  there  is  no  probability  of  reaping  the  full  benefit  under  from 
75  to  150  5'ears.  On  this  point  the  following  statement  by  Mr.  B.  E. 
Fernow,  director  of  the  New  York  State  College  of  Forestry,  at  Cor- 
nell University,  is  pertinent :  * 

The  one  thing  in  which  the  forestry  business  differs  from  all  other  business  is 
the  long-time  element,  for  it  takes  100  years  and  more  to  grow  trees  fit  for  the  use 
of  the  engineer,  the  builder,  and  the  architect;  hence  the  dollar  spent  now  in  its 
first  start  must  come  back,  with  compound  interest,  100  years  hence. 

For  the  sake  of  the  argument,  we  will  assume  that  on  this  watershed 
in  120  years  the  full  effect  of  forestation  would  be  realized.  This 
would  give,  as  an  average,  an  increase  of  from  4  to  6  inches  in  run-off. 
For  the  purposes  of  this  discussion  we  may  assume  it  at  5  inches. 

In  order  to  forest  the  watershed  it  would  be  necessary  to  acquire 
th(^  entire  area,  which,  so  far  as  the  writer  can  ascertain,  could  hardly 
be  done  for  less  than  $100  per  acre.  Probal)ly  the  price  would  be 
much  g^reater  than  this,  but  to  avoid  an  overestimate  it  may  be  fixed 
at  J*5lO()  per  acre.  At  this  rat-e  the  catchment  area  of  3.*59  square  miles 
would  cost  J^21,G96,000.  The  plantingout  of  treescould  hardly  costless 
than  $20  per  acre  additional,  but  in  order  to  make  the  estimate  as 
reasonable  as  possible  we  will  take  it  at  SIO  per  acre,  which  makes 
an  additional  sum  of  12,169,000,  or  a  total  of  823,865,900. 

If  we  assume  the  annual  interest  at  3  per  cent,  and  place  this  sum 
at  compound  interest  for  120  years,  we  have  at  the  end  of  that  time 
the  sum  of  1779,510,000.  The  present  safe  yield  of  the  Croton  water- 
shed, with  all  available  storage,  is  about  280,000,000  gallons  per  day. 
We  would  pay,  therefore,  this  large  sum  for,  perhaps,  75,000,000  gal- 
lons additional  per  day  at  the  end  of  120  years.     It  is  true,  there 


a  New  Jersey  forests  and  their  relation  to  water  supply,  by  C.  C.  Vermeule:  The  Engineering 
Reoord,  Vol.  XLII,  No.  1  (July,  IfiOl). 

''Thi"  forester  an  engineer,  by  B.  E.  Fernow:  Jour.  WeHtem  St>c.  Engrn.,  Vol.  VI,  No.  5  (Oct., 

1001;. 
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would  be  some  increase  in  water  supply  after  about  30  years,  and  the 
supply  might  be  expected  to  go  on  increasing  until  the  average  increase' 
of  yield  was  attained  in  120  years.  But  the  increase  in  water  supply 
would  not  be  at  all  commensurate  with  the  increase  of  capitalization. 
It  is  very  evident  that  an  expenditure  of  this  sum  of  money  would 
procure  a  far  greater  quantity  of  water  from  other  sources.  Hence 
it  does  not  seem  expedient  to  suggest  the  forestation  of  the  CrotOD 
catchment  area. 

Another  objection  to  the  forestation  of  the  Croton  watershed  as  a 
remedy  for  the  water  difficulties  of  New  York  City  may  be  found  in 
the  fact  that  a  considerably  increased  water  supply  is  wanted  at  once; 
it  is  entirely  out  of  the  question  to  wait  120  yeara  for  such  increased 
supply. 

As  a  broad  proposition,  however,  catchment  areas  from  which 
municipal  water  supplies  are  drawn  should  be  in  forests,  and 
undoubtedly  as  time  goes  on  this  condition  will  l)e  more  and  mon? 
attained.  Already  various  European  and  American  niunieii>alities 
have  recognized  the  advisability  of  owning  the  catchments  from  which 
their  municipal  water  supplies  are  drawn. 

DETAII.S  CONCERNING  TABT^ES  AND   DIAGRAMS. 

TOPOGRAPHIC   RELATIONS  OF  CATCHMENT   AREAS  OP   STREAMS 

TABULATED. 

The  following  gives  an  outline  of  the  topography  of  the  several 
catchment  areas  included  in  the  tables. 

The  headwaters  of  Muskingum  River  lie  at  an  elevation  of  alxtut 
1,100  feet,  and  it  flows  into  the  Ohio  River,  near  Marietta,  at  an  eleva- 
tion of  about  500  feet.  The  Muskingum  River  proper  has  a  length  of 
109  miles,  with  its  main  tributaries,  the  Walhonding  and  the  Tusca- 
rawas, having  an  additional  length  of  about  100  miles,  thus  giving  thi* 
basin  a  length  of  200  miles.  From  the  head  of  the  Tuscarawas  to  the 
junction  of  the  two  main  tributaries  there  is  a  fall  of  about  2  feet  per 
mile,  and  from  this  point  to  the  mouth  of  the  main  Muskingum  the 
descent  is  about  1.5  feet  per  mile.  On  the  Walhonding  the  descent 
is  more  rapid.  At  its  headwatera,  near  Mansfield,  the  stream  is  from 
400  to  450  feet  above  what  it  is  at  its  junction  with  the  Tuscarawa-. 

The  (Tonoseo  River  rises  in  Potter  (bunty,  Pa.,  and  flows  in  a 
northerly  direction  across  the  State  of  New  York,  emi)tying  into 
Lake  Ontario  at  Rochester,  having  a  total  length  of  about  115  miles. 
Its  headwaters  are  at  an  elevation  of  over  2,000  feet,  while  Lake 
Ontario  lies  at  a  mean  elevation  of  247  feet.  This  stream  is  si>ecially 
characterized  by  two  sets  of  falls.  The  three  falls  at  Portage  have  an 
aggregate  of  about  270  feet,  while  at  Rochester  the  river  falls  263  feet, 
also  in  three  falls,  with  some  intervening  rapids.  This  stream  Aowjj 
for  several  miles  at  Rochester  and  Portage  over  bare  rocks. 
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The  Croton  River  flows  into  the  Hudson  at  Croton  Landinji^  at  an 
elevation  of  practically  tide  water.  Its  extreme  headwaters  in 
Dutchess  County  are  at  an  elevation  of  about  700  feet  above  tide.  Its 
length  is  about  35  miles. 

Lake  Cochituate  is  in  a  generally  flat  area  at  an  elevation  of  about 
200  feet  above  tidewater.  A  small  area  in  the  south  portion  rises  to 
an  elevation  of  300  feet.  The  greatest  extent  of  this  area  is  from 
northeast  to  southwest,  about  9^  miles,  with  an  average  width  of 
about  2  miles.  In  the  northern  part'  it  is  narrower  than  this  and  in 
the  southern  somewhat  greater. 

Sudbury  River  catchment  area  lies  immediately  to  the  west  of  the 
Lake  Cochituate  catchment.  The  elevations  vary  from  about  200  feet 
alK>ve  tide  to  from  500  to  600  feet.  Its  length  from  north  to  south  is 
about  10  miles,  and  from  east  to  west  about  8  miles.  Owing  to  a 
number  of  hills  throughout  the  area  the  slopes  are  much  steeper  than 
on  the  Cochituate  catchment.  Sudbury  catc^hment  lies  about  25 
niiles  to  the  west  of  Boston. 

Mystic  Lake  is  practically  at  sea  level,  with  considerable  hills  in  a 
portion  of  the  catchment  area.  The  slopes  are  steep,  but  not  quite  as 
steep  as  Sudbury. 

Neshaminy  Creek  flows  into  the  Delaware  River  at  an  elevation  of 
from  1 0  to  20  feet  above  tide  water.  Its  headwaters  are  at  an  elevation 
of  about  3(X)  feet.  Its  extreme  length  from  north  to  south  is  from  40 
to  45  miles. 

Perkiomen  Creek  flows  into  the  Schuylkill  at  an  elevation  of  about 
75  feet  above  tide  level.  The  headwaters  are  at  an  elevation  of  550 
feet.      The  length  of  the  basin  from  north  to  south  is  about  30  miles. 

Tohickon  Creek  flows  into  the  Delaware  River  at  an  elevation  of 
about  70  feet  above  tide.  Its  extreme  headwatei-s  are  at  an  elevation 
of  525  fei»t.     Its  length,  from  east  to  west,  is  about  25  miles. 

Hudson  River,  at  Mechanicville,  is  about  00  feet  above  tide,  while 
at  its  extreme  headwatera  it  is  about  3,400  feet  above  tide  level. 
The  c'at-chment  area  above  Glens  Falls  is  from  40  to  50  miles  from  east 
t-o  west  and  from  (JO  to  05  miles  from  north  to  south.  Below  (ilens 
Falls  the  catchment  extends  well  into  southern  \>rmont  and  Massa- 
chusetts. The  length  of  the  sti-eain  a]>ove  M(»chanicville  is  from  120 
to  125  miles. 

l^<»quannock  River  flows  into  the  [*assaic  near  Pompton,  at  an  eleva- 
tion  of  170  feet  above  tide.  The  main  facts  of  the  topography  of  this 
stream  have  l)een  given  in  the  cliapter  on  *'The  relation  of  geolog}-  to 
the  run-off  of  streams." 

The  Connecti<!Ut  River  flows  into  Long  Island  Sound  at  tide  water, 
and  rises  in  the  northern  part  of  New  Hampshire.  Its  extreme  head- 
waters issue  from  an  elevation  of  2,000  to  3,000  feet  above  tide  level. 
Its  length  is  about  375  miles.  The  topography  of  this  catchment  is 
hilly  and,  in  the  northern  part,  mountainous. 
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CLASSIFICATION   OF  STREAMS. 

In  Table  No.  KJ  we  have  the  mean  rainfall,  run-oft,  and  evaporation 
of  tlie  st-orage,  growing,  and  replenishing  pericKls  of  the  streams  for 
whieh  individual  figures  are  given  in  Tables  Nos.  1  to  12,  inclusive. 
This  table  shows  what  may  be  termed  the  famil}'  resemblance  l)etwet'n 
streams.  For  instance,  for  the  Muskingum  and  (ienesee  rivers  the 
mean  rainfall  of  the  storage  i)eriod  is  al>out  19  inches,  witli  a  run-off 
of  about  10  inches  and  an  evaporation  of  about  9  inches.  For  the 
growing  period  the  mean  rainfall  of  each  of  these  two  streams  is 
about  12  inches,  with  run-off  1.7  inches  and  evaporation  10  inches. 
For  the  replenishing  period  the  mean  rainfall  of  each  is  about  U  inches, 
with  run-off  about  2  inches  and  evaporation  7.5  inches.  The  total 
rainfall  of  the  whole  year  is  40  inches  for  eeu*h  stream — run-off  13.5 
inches  and  evaporation  26.5  inches. 

The  Croton  River  has  a  much  higher  rainfall.  Twenty- four  inches 
in  the  storage  period  produces  17  inches  of  run-oflf,  with  an  evapora- 
tion of  7  inches.  From  13.0  inches  of  rain  in  the  summer  we  have 
2.6  inches  of  run-off,  with  11  inches  of  evaporation.  The  rainfall  for 
the  year  is  49i4  inches,  or,  saj^  9  inches  more  than  for  Muskinprum 
and  Genesee  rivers.  The  run-off  is  also  about  9  inches  in  excess  of 
that  of  these  two  streams.  The  evaporation  is,  liowever,  the  same, 
pointing  very  strongly  to  a  similar  cause. 

On  Lake  Cochituate  catchment  23.1  inches  rainfall  in  the  storj^ge 
period  produces  on  an  average  but  14.9  inches  of  run-off,  with  8.2 
inches  of  evaporation.  The  rainfall  of  the  growing  x)erio(l  is  the 
same  as  that  of  the  Muskingum  and  Genesee  rivers,  yielding,  how- 
ever, 2.1  inches  run-off  and  9.5  inches  evaporation.  For  the  replen- 
ishing i)eriod,  12.4  inches  rainfall  yields  3.3  inches  run-off,  with  0.1 
inches  evaporation.  The  totals  for  the  year  are,  rainfall,  47.1  inches; 
run-off,  20.3  inches,  and  evaporation,  26.8  inches.  Aside  from  differ- 
ence* in  catchment  areas,  the  total  evaporation  of  both  Croton  River 
and  Lake  Co(»hituate  is  substantially  the  same  as  that  of  Muskingum 
and  (4enesee  rivers.  The  excess  rainfall  of  Lake  Cochituate  over 
Muskingum  and  Genesee  rivers  is  about  the  same  as  the  excess  evap- 
oration; that  is  to  say,  7.5  inches.  As  regards  evaporation,  Lake 
Cochituate  may  therefore  class  with  the  Muskingum,  Genesee,  and 
Croton  rivers. 

For  Sudbury  River,  Mystic  Lake,  Neshaminy  and  Perkiomen  creeks, 
somewhat  different  conditions  prevail.  The  yearly  evaporation  is  here 
about  24  inches,  and,  with  the  exception  of  Mystic  Lake,  the  run-off 
is  about  23  inches.  On  Mystic  Lake  catchment  the  rainfall  is  enouirh 
smaller  to  fully  account  for  the  difference  in  run-off.  Broadly,  thesi* 
four  streams  may  be  considered  as  making  a  second  class. 

Tohickon  Creek  has  a  total  annual  mean  rainfall  of  50  inches,  from 
whence  it  results  that  the  mean  yearly  run-off  is  28.4  inches  and  the 
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evaporation  21.7  incheH.  This  stream  varies  so  much,  from  what  the 
i^eiieral  principles  indic-ate,  that  the  writer  doubts  somewhat  the  cor- 
rect iies«  of  the  record.  He  considers  it  quite  possible  that  it  may  be 
10  per  cent  to  20  per  cent  in  error.  Reasons  for  this  view  are  ^iven 
in  the  chapt-er  on  "Negative  evaporation."  The  writer  recognizes,  how- 
ever, that  in  view  of  the  uncertainty  of  gagings,  etc.,  the  mere  fact  of 
a  sti'eani  not  squaring  with  pi'econceived  views  ought  not  to  condemn 
its  reeoitl.  There  must  be  valid  reasons  for  rejecting  the  particular 
record. 

The  Hudson  River  shows  apparently  the  effect  of  an  impermeable 
catchment,  combined  with  a  large  forest  area.  It  has  a  mean  annual 
rainfall  of  44.2  inches,  yielding  23.3  inches  run-off,  with  20.1)  inches 
evaporation.  For  the  storage  period  20.6  inches  rainfall  yields  10.1 
inches  run-off,  with  4.5  inches  evaporation.  For  the  growing  period 
12.7  inches  rainfall  yields  3.5  inches  run-off,  with  0.3  inches  evapora- 
tion. For  the  replenishing  period  10. 9  inches  rainfall  yields  3. 7  inches 
run-off  and  7.1  inches  evaporation.  This  stream,  from  general  simi- 
larity, may  properly  classify  with  the  Connecticut. 

For  the  Pequannock  River  explanations  have  already  been  given, 
\vhich  apply  generally.  For  the  present  it  tentatively  stands  in  a 
class  ])y  itself. 

The  classification  here  given  is  experimental  merely,  and  is  subject 
to  modification  with  the  gathering  of  more  complete  data. 

DESCRIPTION   OF  TABLES   NOS.   1   TO    12. 

Table  No.  1  gives  the  rainfall,  run-off,  and  evaporation  of  the  stor- 
age, growing,  and  replenishing  periods,  as  well  as  tlie  total  of  these 
tliree  items,  on  the  Muskingum  River,  for  tlie  years  1888-1 80r5,  inclu- 
sive. The  minimum  year  was  181)5,  the  total  run-off  being  4.00  inches. 
The  maximum  occurred  in  1890,  with  a  total  run-off  of  2f).84  inches. 
The  mean  run-off  for  the  entire  period  is  l.'J.l  inches. 

Table  No.  2  gives  the  same  facts  for  the  Genesee  River  for  the  years 
189O-180S,  inclusive.  In  this  table,  for  the  years  1890-1892,  the  record 
of  Oatka  C'reek,  which  was  gaged  by  tlie  writer,  has  been  used.  For 
a  portion  of  189o,  the  results  are  computed.  The  dam  at  Mount  Mor- 
ris, at  which  gagings  were  taken,  was  carried  away  by  a  flood  early 
in  1807,  and  for  the  years  1897  and  1898  the  gaging  record  has  been 
(UMliiced  by  comparison  of  the  rainfalls  with  those  at  Rochester,  where 
irajrings  are  kept  by  the  city  engineer.  The  results,  aside  from  those 
for  the  years  1894-189(J,  must  be  considered  somewhat  approximate, 
altliough  x)robably  within  10  per  cent  of  the  truth.  The  mean  evap- 
oration for  the  years  1894-189C  was  27.21  inches. 

Table  No.  3  exhibits  the  rainfall,  run-off,  and  evaporation  of  the 
storage,  growing,  and  replenishing  periods  for  Croton  River,  from 
j^^SfjH— 1899,  inclusive,  a  i)eriod  of  thirty-two  years.     This  record  has 
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been  revised  RvS  per  experiments  nt  Cornell  University,  describf^d  by 
John  R.  Freeman,  member  American  Society  (Uvil  Engineers,  in  his 
report  to  the  eomptroUer  in  1900.  As  shown  by  Mr.  Freeman,  the 
rainfall  record  from  18G8-1876,  inclusive,  is  not  very  i-eliable,  and 
accordingly  two  sets  of  means  are  given.  The  mean  rainfall  from 
1868-1870,  inclusive,  was  45  inches,  the  mean  run-off  :?3..37  inches, 
■and  the  mean  evaporation  21. ()3  inches.  For  the  second  period  the 
rainfall  from  1877-1899,  inclusive,  has  been  so  rationally  treat-ed  by 
Mr.  Freeman  as  to  leave  nothing  to  be  desired.  The  means  for  this 
second  period  are:  rainfall,  49.33  inches;  run-off,  22.81  inches,  and 
evaporation,  26.52  inches.  A  comparison  of  these  two  sets  of  means 
shows  how  dangerous  it  is  to  draw  final  conclusions  from  data  about 
which  there  is  considerable  doubt.  The  rainfall  differs  bv  4.33  inches 
and  the  evaporation  by  4.89  inches,  or  from  20  per  cent  to  25  per  cent. 
In  preparing  this  table  the  figures  of  table  No.  26  of  Mr.  Freeman's 
report  have  been  used.  This  table  is  in  million  gallons  per  24-hour 
day,  and  has  been  reduced  to  iiiches  per  month  on  the  cat<*hment  arc*a 
of  338.8  square  miles.  I'he  following  gives  the  water  surfaces  exposed 
to  evaporation  at  diffen^nt  periods: 

Per  cent. 

5. 8  square  miles,  1868-1873.  =  1. 73 
6.2  square  miles,  1873-October,  1878,  =  1.83 

6. 9  square  miles,  1878-1891 ,  =  2. 03 

8. 4  square  miles,  1891-1893,  =  2. 48 

9 . 5  square  miles ,  1 893- 1 895 ,  =  2 .  82 
11.0  s(iuare  miles ,  1 895-1 897 ,  =  3 .  28 
12. 0  square  miles,  1897-1900,  =  3. 56 

It  may  at  first  thought  be  imagined  that  these  large  water  snfjvoes 
exposed  to  evaporation  hav(»  considerably  increased  the  ground  evap- 
oraticm  over  the  entire  catchment.  When,  however,  one  considers 
that  it  is  only  the  difference  between  what  a  water-surface  evapora- 
tion and  what  a  ground -surface  evaporation  would  be,  the  difference* 
is  seen  to  be  not  very  much.  For  instance,  assuming  the  water-surf  act- 
evaporation  at  36  inches  j^er  year  and  the  ground-surface  evapora- 
tion at  27  inches  j)er  year,  the  difference  becomes  0  inches.  Witli  12 
square  miles  of  water  surface  in  1900,  giving  3.50  per  cent  of  the  whole, 
the  excess  of  water-surface  evaporation  over  ground-surfac*e  evapora- 
tion is  0.32  of  an  inch,  a  quantity  which  is  so  far  within  the  limit  of 
possible  (MTor  in  other  directions  as  to  be  negligible.  At  the  most, 
taking  the  assumed  (catchment  area  at  338.8  square  miles,  it  wouhl 
only  reduce  the  evaporation  from  26.5  incihes  to  26.2  inches. 

The  minimum  year  in  this  table  is  seen  to  be  1880,  when  only  13.71 
inches  ran  off.  In  1883  the  run-off  was  also  very  low,  bein^  onlv 
13.74  inches. 

Table  No.  4  exhibits  a  similar  set  of  facts  for  Lake  Cochituate  from 
1863-1900,  inclusive.     Two  sets  of  means  are  also  given  in  this  ease. 
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one  from  1896-1900,  a  period  of  5  years,  and  the  other  from  1863- 
1900,  a  period  of  38  years.  There  is  very  little  difference  between 
these  two  sets  of  means.  The  minimum  year  is  seen  to  have  been 
1883,  when  there  was  onlv  10.09  inches  of  i-un-off. 

Table  No.  5  gives  the  same  data  for  Sudbury  River  from  1875-1900. 
inclusive,  a  perio<l  of  26  years.  Two  sets  of  means,  one  for  the  five 
years  from  1896-1900,  inclusive,  and  the  other  for  the  entire  period  of 
26  years,  are  also  given  in  this  case.  The  catchment  area  of  this 
stream  is  hilly,  and  considerable  variation  in  rainfall  may  be  expected 
to  take  x>la<?e.  Originally  only  one  rain  gage  was  exposed,  but  latterly 
there  are  several,  and  the  rainfalls  as  given  in  the  table  are  the  means 
of  these.  In  1883,  which  wfis  the  year  of  minimum  run-off,  only  11.40 
inches  appeared  in  the  stream,  out  of  a  total  precipitation  of  31.52 
inches. 

According  to  the  Sixth  Annual  Report  of  the  Metropolitan  Water 
Board,  rainfall  observations  for  Sudbury  catcliment  were  taken  as 
follows:  January,  1875,  to  April,  1S76,  Lake  (-ochituate  only;  April 
to  June,  1876,  Lake  Cochituate,  Westborough,  and  Hopkinton;  June 
to  December,  1876,  Lake  C'Ochituate,  Southborough,  Marlboi*ough, 
AV«^stlK>rough,  and  Hopkinton;  Decemln^r,  1876,  to  January,  1883, 
Franiiiigham,  Southborough,  Westborough,  MarUK>rough,  and  Hop- 
kinton; January,  1883,  to  January,  1884,  Framingham  and  Southbor- 
oiifjrh ;  January,  1884,  to  January,  1890,  Framingham  and  Westbor- 
oiif^h;  January,  1890,  to  May,  1898,  Framingham  and  Ashland  dam; 
Jiin<*,  1898,  to  December,  1900,  Framingham,  Ashland  dam,  Corda- 
ville,  and  Sudbury  dam. 

The  catchment  area  of  Sudbury  River,  from  1875-1878,  inclusive, 
was  77.764  square  miles;  in  1879  and  1890  it  was  78.238  square  miles, 
and  from  1881-1900,  inclusive,  75.2  square  miles. 

On  Sudbury  catchment  water  surfaces  were  1.9  per  cent  of  the  whole 
from  1875-1878,  inclusive;  they  were  3  per  cent  in  1879,  3.4  per  cent 
in  1885,  3.9  per  cent  in  1894,  and  6.5  per  cent  in  1898.  The  catchment 
also  contains  extensive  areas  of  swamp  land,  which,  although  covered 
vrith  water  at  times,  are  not  included  in  the  above  percentages  of  the 
water  surfaces. 

Table  No.  6  gives  the  rainfall,  run-off,  and  evaporation  of  the  stor- 
a^ey  growing,  and  replenishing  periods  for  Mystic  Lake  catchment, 
from  1878-1895,  inclusive,  a  period  of  18  years.  The  minimum  year, 
viith  a  total  run-off  of  9.44  inches,  occurred  in  1883.  Since  it  is  the 
run-ofT  of  the  minimum  year  which  determines  the  value  of  a  stream 
for  water  supply,  this  figure  shows  that  this  stream  is  not,  on  the 
whole,  as  good  a  water  yielder  as  Lake  Cochituate  and  Sudbury 
catchments. 

Table  No.  7  gives  the' rainfall,  run-off,  and  evaporation  of  the  stor- 
age, growing,  and  replenishing  periods  for  Neshaminy  Greek  for  the 
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years  1884-1899,  inclusive,  a  period  of  16  years.  The  minimum  year 
was  1895,  when,  with  a  rainfall  of  38.59  inches,  18.15  inches  ran  off. 
Neshaminy  Creek  may  be  taken  as  a  deforested  area. 

Table  No.  8  gives  for  Perkiomen  Creek  the  rainfall,  run-off,  and 
evaporation  of  the  storage,  growing,  and  replenishing  periods  for  the 
16  years  from  1884-1899,  inclusive.  The  minimum  year  was  1895, 
when,  with  40.35  inches  rainfall,  the  run-off  was  17.58  inches.  The 
writer's  recollection  is  that  in  riding  through  this  area  some  time  ago, 
the  forest  is  mostly  scattered  and  is  probably  equivalent  in  effe<*t  to 
not  more  than  8  per  cent  to  10  percent  of  dense  forest.  If  he  is  i^rong 
in  this,  he  will  be  glad  to  be  set  right. 

Table  No.  9  gives  for  Tohickon  Creek  the  rainfall,  run-off,  and 
evaporation  of  the  storage,  growing,  and  replenishing  j>erio(is  from 
1884-1898,  inclusive,  a  period  of  15  years.  The  year  of  mininnim  run- 
off was  1896,  when  48.03  inches  of  rainfall  yielded  19.73  inches  of  run- 
off. The  rainfall  of  this  catchment  is  considerably  higher  than  tliat 
of  tlie  two  contiguous  streams,  from  wlience  it  results  that  the  run- 
offs are  also  larger. 

Table  No.  10  gives  the  rainfall,  run-off,  ^nd  evaporation  of  the  stor- 
age, growing,  and  replenishing  periods  for  the  Hudson  River  area  for 
a  peri(Kl  of  14  years,  from  1SS8-1901,  inclusive.  The  niininium  year 
was  1S95,  when  30.67  inches  of  rainfall  yielded  17.46  inches  as  run-oft 
in  the  stream. 

Table  No.  11  gives  the  rainfall,  run-off,  and  evaporation  of  the  stor- 
age, growing,  and  replenishing  periods  of  the  Pequannock  River  catch- 
ments for  9  years,  from  1891-1899,  inclusive.  The  minimum  year  wais 
1895,  when,  with  37.9i3  inches  of  rainfall,  21.11  inches  ai)peare<l  as 
run-off.  The  rainfall  record  for  this  catchment  ai-ea  is  not  entirelv 
satisfactory  and  further  study  may  modify  it  somewhat. 

Table  No.  12  gives  the  rainfall,  run-off,  and  evaporation  of  the  stor- 
age, growing,  and  replenishing  periods  for  the  Connecticut  Riv^r  at 
Hartford  for  a  period  of  14  years,  from  1872-1885,  inclusive.  The 
minimum  year  was  1883,  when,  with  32.55  inches  of  rainfall,  12,61 
inches  ran  off.  The  record,  however,  of  the  year  1883  is  that  of  IIol- 
yoke,  Mass.,  the  years  1882  and  1<S83  not  being  given  in  Mr.  Babb's 
paper,  from  which  these  data  are  otherwise  taken.  For  these  years 
the  rainfall  has  been  computed  and  is,  of  course,  approximate. 

Moreover,  the  record  of  Connecticut  River  as  a  whole  can  not  be 
deemed  very  satisfactory,  either  as  regards  the  rainfall  or  the  run-off. 
The  run-off  is  probably  anywhere  from  5  per  cent  to  20  per  cent  in 
excess  and  a  considerably  larger  number  of  stations  should  be  aver- 
aged to  give  safe  rainfall.  The  record  at  Holyoke  from  1880-1899, 
inclusive,  is  considered  much  more  satisfactory,  but  unfortunately 
this  record  is  not  accompanied  bj^  the  rainfall,  and  thus  far  the  writer 
has  not  had  an  opportunity  to  obtain  these. 
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DESCRIPTION   OF   DIAGRAMS 

We  may  now  couaider  a  few  of  the  large  number  of  diugraniN  which 
liHve  been  prepared. 

Fig.  1  shows,  for  the  Upper  Hudson,  precipitation,  evaporation, 
ruii-oflf,  and  mean  annual  temperature  for  the  years  1888-1890,  inclu- 
sive, i>lotted  in  the  natural  order. 


}B  nnd  temiiera- 


64  RELATION   OF   RAINFALL   TO    RUN-OFF.  [so.W, 

Kig.  1*  Khuws,  for  the  n&uw  Hit-H,  evapurHtioii  and  mean  annual  tem- 
perature, plotted  in  the  order  of  the  evaporation. 

Fig.  3  shows,  for  the  Upper  Genesee,  precipitation,  evaporation, 
run-oll,  and  mean  annual  temperature,  plotted  in  the  order  of  the 
precipitation. 


Fid.  3.— DU^TBin  Bbowing  llie  rels- 
tlun  betiFeeu  preripitBtion.  mn- 

on  the  Upper  QeneeiK  River,  tie 
fears  hdng  amukKed  Id  order  of 


DESCRIPTION    OF   DIAGBAHS. 


Fig.  i  shows,  for  Sudbury  River,  precipitation,  evaporation,  ruu-oflf, 
and  mean  annual  temperature,  plotted  in  the  natural  oi-der. 
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On  flg.  5  we  have,  for  the  same  stream,  precipitatiou,  evaporatiuu, 
mii-off,  and  mean  annual  temperature,  plotted  in  the  order  of  the 
precipitation. 


DESCRIPTION   OF   DIAGKAMS. 
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On  fig,  fi  we  have,  also  for  Sudbury  River,  evai>oratiou  and  mean 
annual  temperature,  plotted  in  the  order  of  the  evaporation. 

Fig.  7  shows,  for  the  MuskiDgum  River,  precipitation,  evaporation, 
run-off,  and  laean  annual  temperature,  plotted  in  the  order  of  the 
precipitaticD. 
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?!a.  7.— Dtagram  showing  the  rela- 
tion Intiveeu  Uie  prec'ipltatioD. 
runflfl,  evaporation,  and  temper- 
ature on  the  UuslciDgotu  Birer, 
Ohio,  the  years  being  arranged  in 
order  ot  drynees. 
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RELATION    OF   RAINFALL   TO    RUN-OFF. 


[NO.**! 


Fig.  8  shows,  for  Lake  Cochituate,  precipitation,  evaporation, 
run-off,  and  mean  annual  temperature,  plotted  in  the  order  of  the 
precipitation. 
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Fig.  !i  shows,  for  Lake  Coehitu«te,  cvaiioratioii 
tcniperiiture,  plotted  in  the  onler  of  the  evaporatii 


mil  lueaii  animal 
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70  RELATION    OF   RAINFALL   TO   RUN-OFF.  Ixo.90. 

Oil  li^r.  lU  t.hij  n>la1ktiL  between  pre4apitatioii  anil  niii-olT,  fur  the 
Upper  Hudson,  has  been  expressed  by  the  formula  P'=S4.5  R.  These 
iliagram»  (ftgn.  1  to  10)  all  show,  togetlier  with  mauy  others  not  here 
published,  that  there  is  no  definite  relation  Iwtween  evaporation  and 
mean  annual  temperature. 


iiAKTiiRl         DETAILS   CONCERNING   TABLES   AND   DIAGKAMS.  71 

EXPONKNTIAI,   FORMULA. 

On  fig.  11  tliia  r»lHtiuu  is  expi-esuod  by  hii  expuueiitial  furiuiila,  after 
the  manner  proposed  by  Mr.  FitzGerald  in  his  paper,  "  Flow  of  water 
in  48-iiich  pipes.""  Such  a  curve  haw  the  advantage  that  it  is  the 
l>est  approximation  possible  to  obtain  from  the  given  data.'  It  will  be 
tiotk-ed  that  it  difft^rs  slightly  from  the  curve  of  fig.  10.  At  ■'(0  inches 
riiinfall  this  difference  amounts  to  about  1.3  inches  of  nut-off. 

While  on  the  subject  of  exponential  formulas  it  may  be  remarked 
that  their  chief  advantage  lies  in  the  possibility  of  taking  any  set  of 
data  and  deducing  the  curve  which  best  suits  the  conditions. 


DESCRIPTION   OF   RUN-OFF   DIAGRAMS. 

KIr-  1^  is  a  run-off  diagram  of  Hudson  and  Genesee  rivers,  Hudson 
River   for   1888-lftOl,    inclusive,   and   Genesee  River  for  180(i-18fi8, 

oTnuu.  Am.  Soc.  C.  E.,  Vol.  XXXV,  p.  1MI. 
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RELATION    OF    RAINFALL   TO    RUN-OFF. 


[?so  80. 


inclusive,     lii  preparing  this  and  the  following  diagrams  it  is  con- 
sidered that  if  both  run- 
off    and     precipitation 
were  correctly'  measured 
the    iK)int«    would    fall 
in  a   regular  eur>'e  ap- 
proximaticly    like    lhos<* 
shown   on    figs.    10  and 
11.     Such  dia^ams  may 
therefore  be  taken  as  a 
criterion  of  the  accuracy 
with  which  the  observa- 
tions have  been   made. 
It  is  easier,  however,  to 
measure  the  run-off  than 
it  is  to  measure  the  pre- 
cipitation,    and      hence 
when  large  variation  oc- 
curs, as  it  does  in  these 
several     diagrams,     we 
may  first  look  for  it  in 
the     precipitation     rec- 
ords.    As    regards    the 
Hudson     area,      it     has 
been  the  writer's  custom 
to  take  the   rainfall  of 
the  northern  plateau  of 
the  State  weather  bureau 
as,  on   the   whole,    best 
I'epresenting  the  rainfall 
of    the    Upper    Hudson 
area.     With   the  excep- 
tion of   the   vears   IStJi* 
and  1900  the   x>o^i3ts  all 
fall  within  from  an  inch 
to  an  inch  and    a   half 
of     the     cui-ve.      Those 
two    years    have,    how- 
ever, been  computed  by 
a  less  accurate  method 
than    the    preceding 
ones.     It  is  concluded, 
therefore,     that     aside 
from  1899  and  1900  tht* 
curves      represent      thr 
rainfall  and    run-off  of 

Hudson  and  Genesee  rivers  with  considerable  accuracy. 
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DESCRIPTION    OF    RUN-OFF    DIAGRAMS. 
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Fig.  13  shows  in  H  similar  luauner  a  run-off  diagram  for  Muskingum 
River  from  1888  to  1895,  inclusive. 
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RELATION    OF    RAINFALL    TO    RUN-OFF. 


[xo.fiO. 


Fig.  14:  is  a  similar  diagram  for  Passaic  River  froiii  1877  to  1893, 
inclusive. 
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yig.  15  is  a  similar  diagram  of  Sudbury  River  from  1875  to  1900, 
inclusive. 
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Fig.  16  is  a  diagram  of  the  revised  gagings  of  Croton  River  from 

1877  to  1899,  inclusive 


BAiTKK.J  DKSURIPTIIJK   OK   KUN-OFK   DIAGRAMB.  77 

The  maxiiuum,  minimum,  and  mean  niu-off  may  hn  obtained  from 
the  tabulations  on  each  figure  except  for  Passaic  River. 

It  is  evident  that  procee<ling  in  the  same  way  as  for  the  foregoing 
diagrams,  figs.  12-lfi,  inclusive,  diagrams  may  be  prepared  foi'  the 
storage,  growing,  and  replenishing  periods,  and  a  curve  drawn  from 
which  the  run-off  for  a  given  rainfall  may  be  taken. 


^Diagnm  sbi 


Fig.  1"  is  such  a  diagram  for  the  storage  period  on  iLe  Upper  Hud- 
son lliver  for  the  years  l«8S-l{f01,  inclusive.  This  diagram  sliows 
that  aside  from  the  years  11*90  and  1804  the  rnn-offs  of  this  catchment 
area  were  substantially  accurate  during  the   storage  perioil.      It  is 
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min  Riv<-r  Baain  ilnr<DK  tli»  Kr'>wlnK  pvri.xl. 

nrobnble  tliat  in  these  two  yeai-s  tlieir  accnrat-y  may  have  lu'en  inter- 
feivd  witli  by  ice,  although  just  the  canw  is  nol  definitely  known — 
it  may  have  l)een  in  the  rainfall. 

yifT.   18  is  a  similar  diagram  for  thii  I'pper  llndNon  River  during  ttie 
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BELATION   OF   KAINFALL   TO   BUK-OFF. 


growing  period  for  the  same  years.     This  diagram  shows  that  aside 
from  1897,  the  rnn-ofls  were  substantially  right  during  this  period. 

Fig.  19  is  a  similar  diagram  for  the  Upper  Hudson  River  during  the 
replenishing  period  for  the  same  years.     This  diagram  shows  that  in 


uppeh  hubsom  n/rcR 

Rtfileaiahiitg  period 


1801)  and  IftOO  there  was  a  discrepancy,  which,  as  in  the    previous 
cases,  was  presumably  in  the  precipitation  of  that  period. 

Fig.  20  is  a  similar  diagram  for  the  storage  period  of  Sudbury 
River.  The  observations  in  this  ease  are  so  scattering  that  we  may 
safely  conclude  that  ice  plays  a  very  important  part  in  the  disc^ml- 


PiQ.  al,— DiagTKn  Bb< 


iff  Id  the  nndbnrr  Bin* 


aucy  of  Sudbury  River  observations  ihi ring  tlie  storage  period.  Then' 
is,  however,  during  the  earlier  years,  a  lack  of  complete  precipitation 
observations  on  (he  Sudbiny  catchment  ai-ea,  although  it  is  not  con- 
sidei-ed  that  this  is  a  very  imixirtant  ciuise,  for  the  reasuii  that  llu' 
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growing  and  replenishing  periods  on  this  stream  show  much  better 
results  than  the  Storage  i>erio<J.  The  most  probable  assumption, 
therefore,  seems  to  be  the  disturbing  effect  of  ice  in  the  storage  period. 
Fig.  21  is  a  similar  diagram  of  Sudbury  River  for  the  growing 
pt'riod.  With  the  exception  of  three  years,  the  observations  for  this 
period  are  very  reliable. 
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i-oir  in  the  Budbury  River 


Fig.  22  is  a  similar  diagram  of  Sudbury  River  for  the  replenishing 
perio<l.  In  this  oawe,  the  observations  are  all  good  except  for  one 
year. 

Proceeding  on  similar  lines,  the  writer  prepared,  several  years  ago. 


SUDBURY    RIVER 

Replenis/iing  period 


HhnwliiB  tbereUtion  between  precipitatfon  and  n 


a  serieH  of  curves,  from  which  the  monthly  run-offs  may  bn  taken. 
Bat,  unfortunately,  owing  to  negative  evaporation  in  the  storage 
period,  the  individual  months  of  that  period  were  so  discoi-dant  as  to 
be  very  iinsatisfaclory.     The  writer,  therefore,  does  not  give  any  such 
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diagranm  in  this  connectioa.  His  pretient  view  is  that,  for  tlie  reason 
stated,  they  can  not  be  safely  used. 

Fig.  23  is  a  section  of  Mechanicville  dam,  over  which  the  gagings 
of  Hudson  River  have  been  made. 

Oue  or  two  general  eoiichision»  of  some  interest  may  be  drawn  from 
rtgs.  I.-IC,  inclusive.  For  instance,  taking  the  extreme  low  waters- 
represented  by  the  year  1S!I5,  on  Muskingum  River,  at  4.9  inches  for 
the  whole  year,  with  a  rainfall  of  20.3  inches,  it  is  interesting  tn 
observe  that  in  the  preceding  year  of  1894,  there  was  a  total  run-off 
of  8.7  inches,  with  a  total  rainfall  of  30.5  inches.  That  is  to  say,  the 
rainfall  for  the  year  1894  was  0.7  inch  greater  than  in  1895,  but  the 
run-off  was  3.8  inches  greater.  This  extreme  difference  may  he 
ascribed  to  the  difference  in  the  height  of  ground  water.  In  1?!'5, 
ground  water  stood  much  lower  than  in  1893,  with  the  result  of  a 
lower  run-off. 


Fki.  m.  -Sei^ti.m  ot  Uei:huicTillc  dam. 

Oii  flg.  12,  with  a  precipitation  of  30  inches,  the  run-off  is  founJ 
to  be  I*  inches,  while  on  fig.  13,  with  a  precipitation  of  30  inches,  run 
off  ordinarily  may  tni  expected  to  be  abont  8  inches.  This  statemctn 
is  made  on  the  assumption  that  the  curve  is  drawn  in  a  mean  p(>^i- 
tiou,  or  in  such  a  way  as  to  give  average  mean  results,  but  it  sboull 
not  1k'  overlooked  that  Muskingum  River  observations  are  too  few  i- 
draw  absolute  conclusions.  The  diagram,  fig.  13,  shows  thHt  there  i^ 
some  lack  of  accuracy  in  at  least  one-half  of  them. 

Fig.  12  shows  that  on  Hudson  River,  if  during  any  year  the  tots, 
rainfall  should  sink  to  30  inches,  the  run-off  may  l>e  e.\pect(Kl  u>  I" 
somewhat  h's.1  than  10  inches,  though  the  modifying  effect  nf  full  ■■' 
h>w  ground  water  may  be  taken  into  account  in  reaching  ««ch  wii 
elusion.  I'l-olmbly  theiv  would  be,  due  to  elevation  of  gi-omid  watet 
a  variation  of  iicrlmps  )i  inches. 
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On  the  diagrsim  of  Passaic  River,  iig.  14,  30  Indies  of  precipitation 
indicates  14  inches  of  run-off.  This  is  very  high,  and  shows  that 
further  study  of  the  Passaic  is  needed  before  one  can  safely  accept 
the  results  as  entirely  reliable. 

On  the  diagram  of  Sudbury  River,  fig.  15,  a  precipitation  of  30 
inches  may  be  expected  to  produce  a  run-off  of  about  7  inches,  show- 
ing that  this  stream  is,  as  regards  run-off  characteristics,  very  closely 
allied  to  Genesee  and  Muskingum  rivers. 

On  the  diagram  of  Croton  River,  fig.  16,  it  is  also  seen  that  30 
inches  precipitation  may  be  expected  to  produce  a  little  less  than  7 
inches  of  run-off,  showing  also  that  this  stream  has  substantially  the 
characteristics  of  Genesee  River. 

In  all  of  the  foi-egoing  statements  as  to  minimum  run-off,  it  should 
be  understood  that  the  actual  quantity  appearing  in  the  stream  as 
run-off  from  a  given  precipitation  will  vary,  depending  on  whether 
ground  water  is  high  or  low  at  the  beginning  of  the  period  considered. 
All  such  statements,  therefore,  are  necessarily  ai)proximate — they 
may  have  a  plus  or  minus  variation  from  the  diagram  of  one  or  two 
inches. 

SUMMARY. 

In  order  to  assist  the  discussion,  the  following  summary,  which 
includes,  it  is  believed,  the  more  important  points  of  the  paper,  is 
herewith  submitted: 

1.  There  is  no  general  expression  giving  accurately  the  relation  of 
rainfall  to  run-off.  The  run-off  of  a  stream  is  influenced  by  so  many 
complex  elements  that  the  data  are  lacking  for  final  conclusions. 
Every  stream  is,  in  effect,  a  law  unto  itself.  An  empirical  formula 
may,  however,  be  made,  which  will  give  for  some  streams  approxi- 
mately the  run-off  for  a  series  of  years. 

2.  The  cause  of  rainfall  is  not  very  well  understood,  although  there 
is  one  principle  upon  which  there  is  no  disagreement — that  in  order  . 
to  produce  rain,  the  temperature  of  the  air  must  be  cooled  below  the 
dew  point. 

3.  The  errors  in  rainfall  measurements  are  so  large  that  one  may 
safely  state  that  nearly  all  measurements  are  merely  approximations. 

4.  In  view  of  the  foregoing  proposition,  to  carry  rainfall  measure- 
ments out  to  more  than  one  decimal  place  is  an  unnecessary  refine- 
ment. 

5.  As  a  general  statement  the  minimum  rainfall  may  be  placed  at 
from  one-half  to  one-fourth  of  the  maximum. 

0.   It  is  uncertain  whether  rainfall  is  in  any  degree  increasing. 
7.   In  England  there   is  sometimes  an   increase  of  rainfall  with 
increase  of  elevation,**  but  in  the  United  States  the  areas  are  so  large 


a  See  remarks  of  H.  Somerby  Wallis  on  this  point  in  Monthly  Weather  Review  for  April,  1902, 
p.  22H. 
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that  as  soon  as  one  goes  away  from  the  influence  of  the  ocean  very     1 
frequently  this  peculiarity  does  not  appear.     In  a  very  large  numbei 
of  oases  the  reverse  is  true. 

8.  Contours  (•an  not  be  satisfactorily  drawn  on  a  rainfall  map  of 
the  State  of  New  York  until  we  have  a  larger  number  of  stations  and 
longer  periods  of  observation. 

i).  Rainfall  and  run -off  records  are  coi^veniently  divided  into  stor- 
age, growing,  and  replenishing  periods,  such  division  facilitating  com- 
putations and  bringing  out  the  salient  points.  A  large  percentage  of 
the  total  water  supply  runs  off  during  the  storage  period. 

10.  Assuming  that  a  rainfall  record  is  accurate,  it  should  cover 
about  thirty-five  years  before  it  can  be  relied  upon  within  2  per  cent. 
As  to  a  run-off  record,  the  number  of  long  records  are  as  yet  too  few 
to  furnish  satisfactory  answera  to  questions  concerning  run-off. 

11.  The  best  unit  of  measurement  is  cubic  feet  per  second,  and  the 
next  best  is  inches  on  the  catchment  area. 

12.  The  run-off  of  streams  has  been  generally  overestimated.  The 
minimum  flow  maj'^  be  as  low  as  from  0.05  to  0.1  of  a  cubic  foot  p<*r 
square  mile  per  second.  Streams  issuing  from  sand  plains  may  show 
from  0.5  to  0.6  of  a  cubic  foot  per  square  mile  per  second.  Grenerally 
speaking,  the  range  will  not  be  outside  of  from  0.05  to  0.5  of  a  cubic 
foot  per  square  mile  per  second. 

13.  As  regards  run-off,  streams  may  l>e  divided  into  classes,  in  the 
firat  of  which  will  fall  streams  with  a  maximum  rainfall  fi-om  50  to  <*>»» 
inches  and  with  a  maximum  run-off  somewhat  more  than  one-half 
the  rainfall,  etc.  They  may  be  also  classified  with  regard  to  evapora- 
tion, as  will  be  noted  further  on. 

14.  The  run-off  of  streams  can  not  be  satisfactorily  estimated  fi-oni 
diagrams  of  monthly  rainfall. 

15.  The  run-off  of  a  stream  is  materiallv  infiuenced  bv  the  numl>er 
of  lakes  within  its  catchment  area. 

16.  Generally  speaking,  maximum-discharge  formulas  are  unsatis- 
factory guides  and  are  hardly  worth  the  trouble  their  use  entails. 
Exceptions  to  this  may  l)e  taken  in  the  use  of  Dickens  and  Ryves's 
formulas. 

17.  Safe  deductions  can  not  be  made  from  an  average  run  off. 
What  is  wanted  is  a  clear  statement  of  the  minimum,  together  with 
the  longest  period  which  it  may  be  expected  to  occupy. 

18.  There  is  very  serious  danger  in  using  percentages. 
10.  The  influence  of  the  May  rainfall  is  such  that  when  above  the 

normal,  stream  flow  is  likely  to  be  well  maintained  during  the  summer. 

20.  As  regards  delivery  of  streams,  what  is  wanted  in  a  stream  is 
as  large  a  ground  flow  as  possible,  with  small  evaporation. 

21.  When  rainfall  is  below  the  mean  for  several  months,  ground 
water  may  be  expected  to  become  continuously  lower,  with  the  resuh 
that  the  flow  of  streams  will  be  less. 
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22.  The  ruu-off  of  streams  will  vary  with  the  velocity  of  wind,  pres- 
sui-e,  force  of  vapor,  etc. 

23.  For  individual  streams  an  exponential  formula  is  undoubtedly 
the  best.  By  its  use  the  given  data  may  be  moi-e  closely  represented 
than  in  any  otlier  manner. 

24.  Annual  run-off  diagrams  may  be  taken  as  a  criterion  as  to  the 
H<*curaey  with  which  the  observations  have  been  made. 

25.  AVhen  a  run-off  record  is  given,  without  the  rainfall,  the  rain- 
fall may  be  computed  by  assuming  the  evaporation  and  making  a 
series  of  approximations. 

26.  The  run-off  of  streams  with  very  great  difference  in  size  of 
catchment  areas  may  be  experimentally  compared. 

27.  The  extreme  low-water  period  may  extend  over  at  least  two 
3'ears  and  occasionally  over  three  years. 

28.  In  order  to  clarify  the  whole  matter  of  stream  gagings,  what  is 
wanted  in  the  future  is  a  brief,  explicit  statement  of  just  how  the 
stream  was  measured,  thus  enabling  hydrologists  to  judge  of  the 
accuracy  of  the  method. 

29.  There  is  considerable  variation  in  weir  measui'ements,  due  to 
form  oi  weir  alone.  The  formula  for  a  sharp-crested  weir  can  not  be 
applied  to  any  other  form  without  large  variation. 

30.  The  several  diagrams,  as  well  as  the  evaporation  formula,  show 
that  there  is  no  relation  between  evaporation  and  mean  annual  t^ern- 
perature. 

31.  The  laws  of  evaporation  are  exhibited  in  the  chapUu*  on  *'  Evapo- 
ration relations,"  by  Professor  Tate. 

32.  Evaporation  is  a  persistently  uniform  element.  The  tendency 
is  to  remain  at  about  the  same  figure  from  year  to  year. 

33.  In  addition  to  the  classification  of  streams  with  reference  to 
rainfall,  those  with  large  evaporations  may  be  jjlaced  in  a  class  by 
themselves. 

34-  Streams  with  large  evaporation  are,  so  far  as  known,  always 
deforested. 

35.  Negative  evaporation  exists  on  all  the  streams  included  in  the 
tables.  When  negative  evaporation  exceeds  more  than  two  consecu- 
tive months  there  is,  generally  speaking,  some  doubt  about  the  accu- 
racy of  the  record. 

36.  The  ground  water  must  be  taken  into  account  in  order  to  under- 
stand all  the  peculiarities  of  flow.  A  very  important  effect  of  forests 
is  in  increasing  the  ground- water  flow. 

37.  It  is  uncertain  whether  difference  in  geology  has  much  influence 
on  run-off,  although  it  appears  that  porous,  sandy  soils  do  considerably 
affect  the  result.  There  are,  however,  a  number  of  cases  which  indi- 
cate that  it  may  have  important  influence,  although  an  examination 
of  the  evidence  shows  that  the  theory  that  forests  materially  influence 
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the  run-off  is  more  I'easouable  thau  that  percolation  tlii-ougli  j^eolo|^ic 
foriuatioHH  exercises  much  influence. 

38.  So  far  as  pi^esent  information  goes  there  is  little  or  no  relation 
between  topography  and  the  run-off  of  streams.  Deforestation 
appears  to  exercise  a  much  more  important  influence. 

39.  It  is  uncertain  whether  forests  in  any  way  influeiure  tlie  quan- 
tity of  rainfall. 

40.  The  extent  of  forestation  seems  to  have  considerable  effect  on 
the  run-off  of  streams,  catchmentis  with  dense  foi*ests  showing  larger 
run-off  for  the  same  rainfall  than  those  which  are  deforested.  As  a 
tentative  proposition  it  may  be  said  that  the  removal  of  forests  notably 
decreases  stream  flow. 

41.  The  effect  of  forests  is  clearly  shown  on  Hudson  River. 

42.  Catchment  areas  from  which  municipal  water  supplies  are 
drawn  should  be  heavily  forested.  This  is  a  broad  proposition 
merely. 

43.  If  the  C'roton  catchment  area  had  growing  upon  it  a  forest  from 
one  hundred  to  one  hundred  and  fifty  yeara  old  there  would  jirobably 
be,  on  an  average,  al>out  5  inches  more  annual  run-off  then  there  is 
under  present  conditions.  Nevertheless  it  would  not  be  a  goo*! 
investment  for  the  city  of  New  York  to  reforest  this  area,  for  the 
reason  that  the  gain  in  water  supply  would  not  }>e  comniensurale 
with  the  expense. 

The  foregoing  summary  indicates  a  large  number  of  factons  which 
in  some  degree  affect  the  run-off  of  streams.  Moreover,  only  the  maiu 
factors  have  been  noted;  there  are  many  more  of  less  imi>ortanee. 

There  is  a  large  amount  of  useful  information  on  the  general  sub- 
ject of  the  relation  of  forests  to  rainfall  in  Bulletin  No.  7  of  tlie  For- 
estry Division  of  United  States  Department  of  Agriculture — Forest 
Influences — which,  since  that  bulletin  is  readily  obtained,  has  not  been 
specially  referred  to  here. 

Finally,  this  paper  is  an  attemx)t  to  establish  a  uioi-e  rational  theor}* 
of  the  relation  between  rainfall  and  run-off  of  streams  than  has  thu;* 
far  obtained. 
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TABIiES. 

Table  No.  1. —Muskingum  River,  1SSS-1S95,  inclusivte, 
[Catchment  area =5,888  nqoare  miles.] 


1WS8. 


18«». 


189(). 


Period. 


Stor&ee 

Cirovrintf 

RepleniAbin^c 

Year... 


Rain: 
fall. 


17.16 
U.81 
11.  U 

42.61 


-I 


Run-    Evapo*   Rain-  ;   Run-    Evaix)-,  Rain- 


off,      ration*,    fall 


5.17 
1.77 
3.39 


off.     ration.,    fall. 


Storage 16.72 

Oro^vingr 13./>6 

RepleniMhinf? 7.08 


10.33 

1891. 

12.42 
1.77 
1.37 


11.99 

13.52 

12.54 

12.12 

7.75 

10.24 

32.28 

35.88 

4.:io 

11.79 
5.71 


6.02 

1.24 

.96 

8.22 
1892. 


7.50 

10.88 

9.28 


27.77 
13.68 
15.52 


Run-    Evapo- 
off.    I  ration. 


18.  (»7  i  9.70 
2.64  j  11.04 
6.13         9.38 


27.66      56.97  i    26.84        30.18 


20.30 

16.54 

4.81 


9.06 

3.65 

.67 


Year 37.36  1    IS.-W      21.80      41.74      13.38 


11.33 

25.04 

12.89 

8.31 

4.14 

9.01 

28.36 

42.36 

1898. 

14.13  \ 

1.22  I 

.85 


10.91 
7.09 
8.16 


16.20        26.16 


1894. 


Stoi:a«e- 16.99 

C*roTrinff 4.56 

Replenish  injf 9.02 


ISWi. 


Year 


30.51 


7.63  ; 

9.30 

1 

13.04  ' 

4.04 

9.00 

.66 

3.90 

9.14 

.49 

8.65 

.41, 

8.61 

7.66 

.37 

7.29 

8.70 

21.81 

29.84 

4.90 

24.94 

Table  No.  2,— Genesee  River,  1S90-1898,  hiclusiv>e. 
[Catchment  ai-ea   =  1,070  square  miles.] 


1890. 


i«n. 


18J12. 


Pi»ricMl. 


Rain-  \  Run-    Evapo-    Rain-  i  Run-  i  Evapo-    Rain 


fall 


off.      ration,     fall 


off.     ,  ration. !    fall. 


Run-   ,Evapo- 
off.      ration. 


Storage «2:J.01    /' 12.96    '» 10.06 

(irowinp "  10.  .52        2. 51         8. 01 


5.75        8.26 


BepleniHhinK "14.01  > 

Year "47.54    ''21.22    "36.33 

"  1893. 


18.22 

12.78 

7.12 


:».  12 


11.88 

i.rti 
i.ii 


6.34 

11.72 

6.01 


19.84 

15.30 

6.55 


14.05       24.07 


41.69 


9.38 
4.90 
1.14 


10.46 

10.40 

5.41 


1894. 


15.42  ,      26.27 


1895. 


StoraKe... 20.65    bll.lO      ^9.56 

Qrowin^ 9.55  |   61.00      ft8.55 

RepleniBhinK 9.H>        1-25 


7.85 


27.71 

15.73 

7.96 

1.4« 

12.13 

2.19 

1L98 
6.49 
9.94 


13.30 
11.13  ! 
6.67  ' 


5.63 
.!)6 

.68 


7.57 

10.77 

5.99 


Year 


>.30    ft  13. 36    ''26.95 

I  I 


47.7V)       19.38       28.41  ,    31.00        6.67        24.38 


1896. 


1897, 


1898. 


7.31 
1.34 


StoraK** 1"***  »-25        8..59 

Orowing 10.28  |  .83,  9.45 

BeplenishinK 1236  2.72  j  9.84 

Year 40.68  13.80  |  27.88       :-W.39        9.:«  '    25.01       43.50       15.13        27.37 


15.68 

11.92 

6.79 


73 


8.37 

10.58 

6.06 


18.66  I 

14.15  ! 

9.69  I 


10.40 
2.05 
2.68 


8.26 

12.10 

7.01 


a  For  years  1890-1892  the  runoff  is  that  of  Oatka  Creek,  a  tributary  of  (+onesee  River,  and  the 
rainfall  of  Oatka  Creek  catohment  area  has  Iweii  taken  rather  than  that(»f  entire  upper  (tenesee 

area. 

/*  Ai»proximate. 
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Table  No.  li.—Croion  River,  lSt>S'lS99,  inclushw 
[CttU-hmeiit  urea^HUH.H  Mtiuare  miloB.] 

1808.  I  1869.  ! 


1870. 


Period. 


Rain-     Bun- 
fall.    I    off. 


Evapo-^  Bain-  I  Bun- 
ration.  I   fall.    I    off. 


Evapo-'  Bain- 
ration.,   fall. 


Storage...  23.24'    17.25 

Growing .'. 18. A*  ,      5.75 

Beplenishing U.«>      11.08 


5.89  I    21.89 
7.89        7.n 


Year 


51.73  I    JJ4.06 


3.79 
17.67 


15.09 


15.75 
2.01 
4.39 


6.14      28.42 

5.76       10.58 

10.70  I    10.09 


Run- 
olT. 


19.01 
1.36 


Erapo- 

ration. 


44.75  ;    22.15 


22.60       48.10       21.  a3 


S».41 

9.13 
?7.57 


1871. 


1872. 


i8Ta 


storage 19.83 

Growing 16.04 


9.72 
2.61 


BeplenLshing 11.95        5.65 

Year 47.82;    17.98 


10.11  !    14.57  I    10.81 

13.43  ^    14.3;^        3.01 

6.:«)      10.75        4.38 


4.26 

22.19 

18. 5S 

3.67 

11.  ag 

8.65 

1.54 

7,11 

6.37  1 

12.58 

».ai 

9.3^ 

29.84      :i9.65  ,     17.70      21.95       4:^.42       23. 1» 


3t.l< 


1874. 


1875. 


1876. 


Storage I    23.74'    22.86 

Growing 12.30  |      2.77 

Beplenishing 8.68        1.80 


0.88 
9.5;^ 

7.08 


17.10 
16.45 
10. ;« 


14.81  2.29 
5.86  !  10.59 
3.41        6.92 


Year 44.72  i    27.23!    17.48,    43.88  1    24.08 


187 


19.80      39.89 


22.64  I     19.80 

7.14         LOT 

10.11         1.35 

22.31 


I 


2.75 
6.(17 

8.?6 

17.58 


1878. 


1879. 


Storage I    17.49 

Growing '    13.17 

Bepleniflhing i    18. 46 


Year 


12.38 

.96 

5.49 


5. 13 
12.21 
12.97 


20.99 
11.29 
16. 72 


1880. 


Storage 19.78 

Growing 11.42 

Beplenishing 7. 57 


12.19 

7.58 

24. 5!) 

.68 

10.74 

9.61 

.84 

6.73  1 

8.96 

14. 19 
2.57 
5.01 


6.80 

8.72 

11.71 


49.12,    18.811    30.31'    48.a)  ,    21.77 


25.17 

18.08 

6.96 


an.  81 

2.651 
1.88 


4,3S 
1.V46 

5.(1^ 


27.23  .    50.22  I    ^S.HS 

I 


24.90 


1881. 


14.79 

1.95 

.97 


9.74 
7.06 
7.99 


Year :K77  '    13.71       25.06      43.10  !    17.71       25.39 


27.91 
19.10 


18J«. 

16.85 
2.U6 
6.21 


56.  (K       25.12 

i 


ll.fft 

6.97 

lif« 


1883. 


Storage ,    19.03 

Growing 12.10 

Beplenishing '    10. 41 


11.37 
1.09 
1.28 


7.66 

24.81 

11.01  1 

15.72 

9.13 

8.01 

I 


1884. 

16.85  j  7.96 

2.34  ,  13.38 

1.87  i  6.14 


1885. 


21.86  I 
12.88  ! 
12.28 


15.96 

.88 

2.92 


Year 41.54  i    13.74  1    27.80,    48.54'    21.06 


27.48  I    46.98  j     19.16 


CL3I 

lioi 

9.31 
27.« 


Storage 25.45 

Growing 11.68 

Beplenishing 9. 82 


1886. 

18.16 
l.SS 
1.23 


Year 46.95  1    20.92 


7.29 

10. 15 

8.58 

26.  (« 


1887. 

1 

23.05  ] 

16.44 

6.61 

24.75 

6.71 

18.04 

7.78 

2.81) 

5.18 

18W. 


56.58 


25.75 


20. 8:^ 


;«.33 

21.74 

K.T» 

11.25  1 

2.63 

se» 

18.76 

8.23  , 

lo.xi 

60.34 

32.60 

1 

27.74 
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Tablk  No.  il.—Croton  River,  18GS-1899,  iwc/M«?tT— Continued. 


1889. 


Period. 


Rain 
fall. 


Run-    Evapo'  Rain- 
oif.      ration,     fall^ 


Stora^re 22.40 

(^rti-veing: 17.37 

RepIeniAhiiiK 18.83 


16.86  5.oi 
6.49  10.88 
8.70       10.13 


Year 58.60'    32.06      26.55 


1800. 

Ron-  lEvapo- 
off.      ration. 


25.31 
13.31 
14.60 


19.10 
2.51 
7.02 


53.22  .    28.63 


6.21 
10. 8U 

7.58 


1891. 


Rain- 
fall. 


26.66 
11.26 

7.78 


Ran-    Evapo- 
off.      ration. 


1.14 
1.11 


I 


5.44 

10.12 

6.67 


24.50   45.70   23.47    22.23 


I8»2. 


1893. 


Storage 22.93 

Growing 15.37 

ReplenlAhing 10.80 


Year 


48.60 


12.87 

2.60 

2.31 

17.78 

10.06  !  27.34 

12.77  .  12.39 

7.90  '  11.08 

30.82  50.81 


21.41  5.93 
1.84  I  10.55 
3.51         7.57 


1894. 


23.24 

7.96 

17.05 


15.65 
1.82 
4.41 


7.59 

6.13 

12.64 


26.76  .    24.05      48.24  '    21.88 


26.36 


Storage 19.66 

Growing  11.19 

Replenishinf? 9. 54 


1895. 

14.78 
1.05 
1.27 


1896. 


18»r. 


Year. 


40.28 


17. 10 


4.77 
10. 14 

8.27 


24.84 
12.25 
11.27 


23.18       48. ;« 


18.01 

6.88 

2.08 

10.22 

3.13 

8.14 

20.65 

14.64 

5.91 

20.79 

6.98 

13.86 

8.76  ' 

2.  TO 

6.08 

23.17       25.19      50.10      24.30!      25.80 


ItWo. 


storage 28.8 

Growing-- 17.17 

RepleniahiuK 


1  ! 


Year 


13.36 
59.34 


20.08 
4.83 
3.99 


8.73 


22.66 


12.34  I    12.19 
9.37       10.37 


28.90  ,    30.44  |    45.22 

I  I 


1899. 

21.38 
1.57 
1.96 


1.28 

10.62 

8.41 


24.91  I      20.31 


Storage 

Growing 

Replenishing. 


Mean  1868-1876,  in- 
clusive. 


21.51 
11.88 
11.61 


18.46 
2.91 
4.00 


5.06 

8.97 
7.61 


Mean  1877-1899,  in- 
clnsive. 


Year !    45.00  1    2:137      21. 6:^ 


23.68 

16.83 

13.58 

2.57 

12.08 

3.42 

49.33 

22.81 

6.85 

11.01 

8.66 

26.52 
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RELATION   OF  RAINFALL   TO   RUN-OFF. 


[NO.  a) 


Table  No.  i.—Lake  Cochituate,  1SH3~1900,  inclusive. 

[Oatobinent  area =18.9  Hqtiaro  miles,  not  including  catchment  of  Dudley  Pond.  ] 


1863. 


1864. 


Period. 


Rain 
fall. 


Run-  '  Evaxx>- 
off.      ration. 


Rain- 
fall. 


Run-    Evaj>o-|  Rain- 
off,      ration,    fall. 


Storage 29.49 

Growing '    21.71 

Replenish  ing... 16.49 


16.31 
5.15 
5.25 


13. 18 
16.56 
11.24 


24.70 

5.20 

18.47 


14.44 
1.58 
3.17 


10.26  ;    29.63 

3.62  I      7.37 

10.30  i    13.43 


1865. 

Run- 
off. 


Evap>- 
ratioD 


17.28 
1.27 
2.15 


12:5 
6.M 

11    2^ 


Year 67.69)    26.71  i    40.98!    43.37  1    19.19,    24.18      50.43       SIXTH) 


29.73 


Storage 22.87 

Growing 22.13 

Replenishing 16. 31 


1866. 

9.38  i  13.49 

2.94  19.19 

3.26  ,  13.05 


1867. 


1888. 


I 


27.02 

16.47 

10.55 

20.67 

3.34 

17.33 

10.98 

2.4:^ 

8.55  j 

Year 61.81,    15.58      46.73,    68.67 


22.44  i    36.43 


Storage 28.91 

Growing 8.65 

Replenishing 21.25 

Year 68.81 


1869. 

12.83 
2.39 

4.77 


1870. 


23.02  1&95 
12.49  a  22 
15.66         4.76 


51.16  !     24.93 


9.2: 
in.« 

dS.23 


1871. 


I 


19.99 


16.08 

36.60 

23.72 

12.78 

19.77 

6.26 

9.18 

1.91 

7.27 

11.72  1 

16.48 

13.00 
58.68 

2.85 

10.15 

13.85 

38.82 

28.48 

30.20 

45.34 

10.19 
2.15 
2.38 


S.57 
11.4: 


14.72      a»ee 


storage '  14,51 

Growing ,  19.58 

Repleninhing 14. 20 

Year. 48.29 


1872. 

8.88 
2.95 
6.89 


1873. 


17.22 


5.63 
16.63 

8.81 


31.07 


20.00 

18.61 

1.49 

11.63 

2.47 

9.16 

'    13.27 

4.68 

8.60 

1    44.90 

26.66 

19.24 

20.76 

12.78 

4.64 

88.18 


1875. 

Storage.. i    17.80      10.76 

Growing 15.:}4  ,      2.:« 

RepleniHhing 13. 11        3. 75 


7.04 

12.99 

9.36 


Y<?ar '    46.25'    16.86  1    29.39 


1876. 


20.45 
13.28 
12.57 

46.30 


14.91  I 


6.64 


1874. 

16.23 
a.  83 
1.63 

21.69 

1877. 


453 

am 

16.49 


1.64 
8.22 

11.64 
9.35 

26.53 

19.77 

21.61 

8.76 

15.54 


I 


15.65 

5.» 

2.24 

6!^ 

4.81 

11. 2J 

46.91  '    22.20 


23  71 


Storage 23.:» 

(Growing 13. 74 

Replenishing '    1 2. 36 


1878. 

4.30 

11.67 

9.27 

1879. 

19.08  ' 
2.07 

aoj) , 

19.96 

13.95 

5.62 

1 
16.83 

2.05 

1.93 

3.13 

11.90 

3.69 


Year. '    49.48      24.24       25.24  1    39.53 


20.81 


18.47 

12.06 

6.84 


18H0. 

8.55 

.02 

1.66 


18.72      36.87,     10.73 

I  I 


9.« 

11  44 

4.> 

26.14 


Storage . 
Gn)wing 


22.23 

8.74 


Replenishing I      8.85 


1881. 

12.74 
1.56 
1.25 


9.49 

7.18 
7.60 


Year "    :i9.82       1.5.55'    24.27 


23.10 

6.50 

12.36 


1882. 


12.39!    10.  n 


.76 
2.39 


6.75 
9.96 


41.95  I    15.63  I    26.42 


16.62 
5.06 
8.63 


]8Ra 

H.81 

.16 

1.62 


30.23  I     1O.09 


4K 

6.»1 
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Table  No.  4. — Lake  Cochitnate,  186S-1900,  twcriwiVc— Continued. 


Pericxl. 


1884. 


Rain- 
tall. 


Storage |    24.79 

Growinic - 12.79 

Replenishini? 5.82 


Run- 
off. 


Year 


43.40 


Storage 26.97 

Growing 10.05 

RepleniahinK '      6.6:^ 


Year 


4:}.  55 


15. 70 
1.54 
1.09 

18.38 

1887. 

19.91 

2.87 
1.83 

24.61 


Evapo- 
ration. 

9.0(» 

11.25 

4.73 

25.07 


1885. 


Rain- 
fall. 


Run- 
off. 


1886. 


ETai)o-  Rain- 
ration.-    fall. 


Run- 
off. 


Evapo- 
ration. 


22.80 

1 

11.90  , 

10.90 

24.14 

18.97 

5.17 

11.70 

.76 

10.94 

8. 26 

.Hi 

7.69 

12.15 

3.09 
15.75 

9.  OB 

11.12 

1.92 
21.46 

9.20 

46.65 

1 

30.90 

43.52 

22.06 

1888. 


7.06 
7.18 
4.70 

18.94  !    55.07 


-^^ 

—        __ 

15. 44 

8.78 

1.94 

8.12 

9.09 

11.70 

26.47 

28.60 

1880. 


21.79 

17.26 

4.53 

16.84 

6.24 

10.00 

14. 5A 

6.&) 

7.91 

55}.  19 

30.15 

23.04 

Storacce '    23.42 

Growing 7.43  | 

ReplenishinK 17.82 


Year 


4^.67 


1890. 

1891. 

17.17 

6.25 

27.73 

28.21 

-0.48 

2.20 

5.23 

11.68 

1.99 

9.69 

6.29 

11.53 
23.01 

9.10 
48.51 

2.88 
32.58 

6.72 
15.93 

25.66 

1882. 


Storage 

Groiiring 

RepleniahinfT 

Year... 


1803. 


21.11 

10.49 

9.43 

41.03 


12.47 

8.64 

1.38 

9.11 

2.26 

7.17 

16.11 

24.92 

1804. 


22.84 

12.40 

10.44 

11.01 

1.90 

9.11 

7.58 

2.51 
16.81 

5.07 

41.43 

24.62 

21.00 

10.25 

10. 75 

20.18  ' 

11.29 

7.79 

1.24 

6.55 

11.79 

1.45 

10.94 

2.04 

8.90 

18.66  ; 

6.17 

39.73 

13.63 

28.20 

50.63 

18.91 

1895. 


8.89 
10.34 
12.49 


31.72 


Storage 20.91 

Growing 7.60 

Replenishing: 14. 74 


1896. 

15.96 
1.55 
3.70 


Year 


43.34 


4.95       19.8'; 

6.14  '    12.34 

11.04  !      9.9G2 

42. 13 


1897. 

11.05 
2.57 

2.58 

16.20 


8.82 
9.77 
7.34 


25.93 


26.61 
12.71 
16.76 


JoMt. 


16. 15 
2  45 
4.26 


I 


56.08  '    22.86 


10.46 
10.26 
12.50 


3:122 


1899. 


1900. 


Storage I    22.31 

Growing |     8.16 

Replenishinic ;    10.01 


18.38 

3.98 

28.30 

14.09 

.23 

7.93 

9.25 

1.49 

1.63 

8.38 

13.01 

2.72 

Year 


40.48 


20.24 


20.24      50.56  '    18.30 


14.21 

7.76 

10.29 

32.28 


Mean    for    5    years, 
I    1896-1900,  inclusive. 


Storage 

Growing 

Replenishing. 


23.60 
10.  «J 
12.89 


Year 46.52 


15. 13 
1.66 
2.98 

19.77 


8.47 

8.:i7 

9.91 


26. 


<o 


Mean    for    38    years, 
1863-1900,  inclusive. 


23.15 
11.59 
12. :« 


47. 13 


14.92 
2.08 
3.32 


8.23 
9.51 
9.06 


20.32  ,      38.81 


90 


RELATION   OF   RAINFALL   TO   RUN-OFF. 


[yo.j<»- 


Tabi.e  No.  Ty.—HndbHry  River,  /S7.'i-I0r^),  inclusive. 

[Catuhineut  area,  1H75-1HTK,  inclasive^77.76  square  mileH;  1H79-HO--7H.24  Miaare  mile««;  Itft(l-1>«M= 

75.2  square  miles.] 


Periojl 


1875. 


1876. 


Rain-  I  Run-  lEvapo- 
fall.        off.     I  ration. 


Rain 
fall. 


Storage 19.78 

Growing 15.84 

Replenishing 13.11 


Year 48.33 


14.68 
2.78 
3.76 


5.00 
12.66 


Run- 
off. 


21.37      20.10 


21.23  I    27.00 


1878. 


12.80 

1.4;} 

11.46 

12.62 

2.61 

10.01 

'    46.88 

24.14 

28.74 

187«. 


1880. 


Storage 23.91 

Growing '    13.79 

Replenishing 14.73 


21.05 
1.95  I 
4.12 


2.86 
11.84 
10.61 


Year 62.48,    27.12      25.31 


2:).  84 

14.23 

5.87 

48.44  i    23.61 


21.19 

2.65 

1.70 

12.58 

.fe 

4.65  . 

20.15  : 

11.19 

Ki^ 

12.42 

.88 

11.98 

7.13 

.6T 

6.46 

19.83 


89.70       12.69 


27.01 


1881. 


1882. 


1883. 


Storage 24.27'    15.07 

Growing 9.10  ,     8.07 

Replenishing 9.66        1.85 


9.20 
6.08 

8.31 


5. 10 
11.96 


16.33 
1.17 
1.48 


7.66 

16.78  . 

8.98 

5.81 

10.54 

8.93 

Year 43.08  1    19.49  I    28.54,    41.06'    18.92      22.13,    31.58 


9.70 
.86 

.84 

11.40 


4.» 


1884. 


1885. 


I 


\K86. 


Storage  

Growing 

Replenishing 

Year  . . . 


27.78 

20.88 

7.40 

11.76 

1.58 

10. 18 

5.1»8 

.5;^ 

5.45 

45.52 

22.49 

2ii.m 

21.90 
11.47 
12.61 

45.98 


14.36 

1.27 

2.84 

18.47 

7.54  I    24.19 
10.20  '      8.83 


9.77 
27.51 


10.78 
48.80 


2J1.7S  , 
1.68  ' 


23.09 


3.44 

h.Il 
9.1€ 

ap.Ti 


1887. 


Storage J».28 

Growing 11.69 

Replenishing |  6.93 

Year ;  43.80 


1888. 


1889. 


22.4;) 

2.86 

24.98 

19.53 

5.45 

21.14 

18.71 

i.sr) 

10.89 

10.16 

1.61 

8.65 

15.Sfl 

4.81 

1.17 
24.90 

5.66 

20.80 

10.82 
31.46 

10.48 

15. 15 
58.20 

6.97 
30.49 

18.90 

55.94 

24.48 

^  43 

11.  m 

8.  W 
21.71 


1890. 


1891. 


Storage ..-  24.77  20.87!  3.90 

Growing |  8.36'  1.41  1  6.96 

Replenishing-..-. i  17.71  !  6.94  1  10.77 

Year ,  50.8*1  29.22  1  21.62 


lS9t. 


29.96 

11.89 

9.30 

25.90 
1.27 
1.25 

28.42 

4.06 

10.62 

8.05 

23.15 

11.43 

9.81 

13.1;* 
1.6S 
1.8* 

51.15 

22.73 

44.89 

16.56 

10. « 6 

7  *•> 


27- ?a 
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Table  No.  5. — Smltniry  River ^  lS7r»-1900,  fricZ?#«?v— Continue<l. 


Period. 


Rain- 
faU. 


StoragA 26.13 


Growinif 

Replenish  iiiK 

Year  ... 


10.36 
7.1» 

44.48 


1895. 


Evapo- 
ration. 


9.37 
5.06 
9.04 

28.47 


Rain- 
fall. 


Ran-    Evapo- 
off .     I  ration. 


20.52 
11.96 
19.61 


13.77  , 
1.12 
7.41  , 


6.75 
10.84 
12.20 


52.09      22.80        29.79 


Storage. 22.30 

Growing- 8.13 

RepleniHhinK 14.50 


Year 44.98 


1896. 

1807. 

«• 

6.C5 
9.58 
7.75 

23.98 

28.81 
14.74 
16.28 

57.81 

1898. 

1 

19.64 

.96 

2.87 

23.47 

2.66 

7.17 

11.63 

21.46 

19.88 

13.41 

9.81 

13.28 
3.88 
2.06 

20.65 
8.29 
6.14 

80.08  1 

43.10 

19.17 

6.16 
11.45 
10.12 

27.73 


1809. 


Storage 

Qrowine: 

RepleniHhing . 


Year 


22.73 

7.16 ; 

8.82 


22.28 
.09 
.90 


I 


38.71       23.27 


0.45 
7.07 
7.92 

15.44 


29.13 

7.67 

12.89 


1900. 

19.12 

.46 

1.58 


49.69 


21.16 


10.01 

7.21 

11.31 

28.53 


Mean  for  5  years, 
1896-1900,  inclusire. 


Storage 24.17 

Growing  _ !    10.22 

Repleninbing - 12.46 


18.98 
1.74 
2.71 


5.19 
8.48 
9.75 


Mean  for  whole  period, 
1875-19(K),  incluRive. 


23.45  I  17.  «S 
10.74  1.67 
W.m        2.96 


Year 46.8.')  I    23,43 


23.42 


46.05  i    22.48 


5.60 
9.06 
8.90 


23.66 
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[!«O.J*JL 


Table  No.  (3.— Mystic  Lake,  JSrs'-Jso/i.  inchtsivc. 

[CaU'hineiit  ureH^36.8  Hqnare  miles.] 


1878. 


1879. 


IfWtX 


Period. 


Rain- 
fall. 


Run-    Evapo-,  Rain-  i  Run-  ;Evapo-   Rain 
off.      ration.,   fall.         off.     1  ration,     fall. 


Stoi-age 26.22, 

Growing ■    13.65 

Replenishing 13.83 


18.43 
2.;J7 
3.02 


6.79  19.42 
11.28  j  11.85 
10.81  I      6.13 


Year 


58.70      23.82      28.88  |    36.40 


16.40 
2.21 
1.27 


19.88 


3.(tt 
9.64 
3.88 


17.28 

12.86 

6.QG2 


16.62       85.66 


Rud- 


9.»4 

1.72 
l.S 

12.31 


4  7: 

23® 


Storage '  23.16 

Growing 10.11 

Replenishing 7.85 

Year I  41.12 


1881. 

14.02 
3.27 
1.10 

18.39 


9.14  I  22.69 

6.84  5.49 

6.76  ,  12.03 

22.73  ,  40.21 


1882. 

12.47 

10.22 

16.^ 

1.3H 

4.11 

5.^ 

1.60 

10.53 

8.  SB 

15.  a5 

24.86 

30. 4« 

IJWi. 


7.41 

*.sJ 

1-W 

,S 

.99 

:jh 

Joo4. 


Storage 24.21 

Growing 13.21 

Replenishing !     5. 40 


Year 


42.82 


16.57 

7.64 

2.08 

11.18 

.85 

4.55 

19.45 

23.37 

21.  a5 

12.35 

13.25 

—    -    t 

46.95  ; 


1885. 

11.03 
1.87 
3.43 

16.33 


9.44 


188fi. 


21  le 


10.32 

24.47 

ar>.*<2 

10.48 

8.49 

1.21 

9.82 

9.87  : 

1.58 

30.62 

42.83  : 

sa6i 

188; 


1888. 


18R9. 


•■^.Zf 


1.1.  :S 


Storage  

Growing 

Replenishing 


25.83 

14.24 

7.59 


Year 47.66 


17.44 

8.39 

24.03 

16.09 

3.49 

10.75 

10.66 

1.77 

1.76 

5.83 
24.97 

20.37 
55.06 

9.03 

22.69 

36.95 

7.94  ' 

23.17  ' 

17.47 

8.80 

15.69 

5.^7 

1.28 

13.94 

4.76 

28.11       52.*) 


r.5o 


1(1  ti 


iSii' 


Storage 

Growing 

Replenishing 

Year... 


1890. 


1891. 


IHtt*. 


24.  JR 

9.28 

13.92 

47.55 


18.66 
2.81 
5.14 


5.69 
6.47 

8.78 


27.67      26.79 

11.49        1.87 

9.50        1.53 


26.61       20.94  ,    48.66 


0.88  21.35 
9.62  !  11.55 
7.94        8.47 


II. !W 
2.08 


6* 


1893. 


Storage  

Growing 

Replenishing 


Year 


30.22 


1894. 


18.44  ,    41.37        15. 9K         2S  » 


1895. 


2:109  I 
9.55 

8.»>  i 

41.  (X)  ,     19.29 


15. 42  ' 

7.67 

21.34 

11.14 

2.20 

7.35 

6.69 

1.78 

1.67 

6.09 

11.59 

1.85 

10.20  ' 

1 

18.50 

10.34 

h  1- 

4.91 

13.41 

l.f^ 

Hi' 

9.74. 

18  50 

4.t» 

14  ♦! 

27.71  '    39.62 

I 


14. 


I  4 


24.  a5  I    50.41        16.25        IH  I* 
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TABL.K  No.  7. — Neahamitii/  Creek,  ISS^-hSim,  incltusiiw 
[Catchment  areu=i:)9.8  Hquare  uiileH.] 


PeritKi. 


Rain- 
fall. 


StA>ra|^ 25.77 

( fro-wr  inif 13. 7 1 

Repleninhing 7.06 


18W. 

Run- 
uflF. 

25.  m 

1.85 
.45 


Evapo-i  Rain- 
ration.  I    fall. 


O.ie;    20.13 
11.  X6      10.25 

o.eo :   11.22 


1885. 

Run- 
off. 

17.85 
1.08 
1.73 


1886. 


Evapo-!  Rain- 
ration.  :    fall. 


Rnn-    Evapo- 
off.     ration. 


I 


2.28 
9.17  I 
9.49 


26.(51 

12.67 

7.60 


21.45 

1.87 

.66 


Year 46.5:1,    27.91 


18.62 


41.60      20.66      20.94 


1887. 


Storage 21.88  1    15.92 

arowinK 1».26        4.44 

R4>pleniMliing 7.50        1.03 


5.96 

14.82 

6.5« 


26.48 
11.83 
14.18 


Year ....     48.78  i    21.:»      27.84      52.40 


1888. 

21.17 
1.01 
6.02 


5.81 

10.82 
8.16 


I 


22.32 
22.42 
22.18 


1889. 
13.44 

I 

10.00  , 
12.37 


28.20      24.20      66.92  !    35.81 


Storage. 22.06 

GrtjwiTiK 14.28 

Ropleniwhing \    10. 2:^ 


1890. 

14.85 
2. 15  \ 
3.:«  j 


1«U. 


1802. 


Year 


445.57       20.33 


7.21 

2:^.48 

12. 13 

15.90 

6.9C) 

8.08 

26.24 

47.46 

22.a5  '    24.81  '    44.26       18.26 


Storage i  22.16 

arowinK !  12.21 

Repleiii**hinif ,  11.07 

Year 45.44 


5.16 

10.80 

6.94 


46.88      2;).98        22.90 


8.88 

12.42 

9.81 

31.11 


17.74 

5.74 

22.55 

15.01  1 

7.54 

2.5:1 

y.v.n  , 

11.58 

i.:n  , 

10.27 

2.:*< 

5.70  1 

10. 13 

1.94  ' 

8.19 

26.00 


\\m. 

18W. 

1895. 

18.52 

:).64 

26.68 

18.16 

8.52 

2f).97 

15.84 

5.18 

1.70 

10.51 

8.95 

1.82 

7.13 

11.41 

2.07 

9.34 

'A.U 

7.33 
21.48 

16.45 
52.08 

6.12 
26.10 

10. :« 

6.21 
38.59 

.24 

18.15 

5.97 

2:3.96  , 

1 

25.98 

20.44 

1896. 


1897, 


Stora^T*' ^-^ 

OrowinK ^"•'^* 

Replenishing -     12.tt5 


Ytsar. 


11.54 
1.65 
3.41 


4:3.97  .    16.60 


1898. 


8.98 
».  15 
9.24 


19.28 

17.70 

9.06 


Storage ^^-^ 

(^ro-wiDK - ^-•** 

B*»pleiilHhinK 12. 80 

Year 5'>.82       21.89 


27.37       4fJ.04 


10. 60 
6.5(J 
2.11  i 


1899. 


28.9:3       4:3.41       24.22 


8.68 

11.80 

6.05 


19.21        26.83 


16.87 

8.81 

2:3.09  ' 

21).  50 

2.  SO 

1.60 

10.65 

9.41 

1.76 

7.86 

3.:3:3 

9.47 

10.91 

1.96 

8.95 

19.19 
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[so.*. 


Table  No.  H. — Perkionien  Creek,  18iH4-lS90,  iticliunve, 
[Catchment  areasl52  square  milee.] 


Period. 


i  Rain- 
fall. 


Storage 21.e3 

Qrowing 17.2ft 

RepienishinK 6. 70 

Year '  45.50 


1884. 


1885. 


Run- 
off. 


Evapo-I  Rain-  I  Ron- 
ration.  I    fall.    1     off. 


ETapo-  Rain- 
ration,     fall. 


1886. 

Rnn-    Erapo- 

off.      ratioD. 


Storage 25.25      25.19 

Growing '    15.53        4.(W 

RepleniHhing i      7.54        1.5© 


Year i    48.32      30.85 


0.06  I    20.47 

11.46  '      9.88 

5.95  I      9.49 


15.29 
1.68 
2.38 


5.18 
8.15 

7.11 


26.03 

11.76 

9. 00 


19.74 
3.35 
2.03 


17.47  ,    39.79 


19.35  I    20.44  .    46.79       25.11 


1887. 


1888. 


1889. 


14.66 

6.97 

27.48 

4.26 

13.00 

12.42 

1.45 

5.25 
25.22 

14.18 

20.37 

54.08 

19.67 
2.17 
7.40 


7.81 

10.25 

6.78 


22.99 
23.38 
20.45 


14.28 
10.03 
11.81 


29.24  '    24.84      66.82       36.11 


1890. 


1891. 


18Re. 


6,» 


21.  # 


8.71 
13.36 


3o.n 


storage    24.68,    18.15  |      6.58'    22.89 

Growing 14.35,      3.11,    11.24  j    18.32 

RepleniHhing ,    10.31        4..-»2        5.79        8.15 


17.35 
3.25 

«>  AD 


5.54 

15.07 

5.46 


23.64 

11.06 

9.33 


Year 49.34       25.78       23.56  i    49.36      23.29      28.07;    44.08 


15.80 
2.38 
2.66 

^90. 93 


211" 


storage '    22.18 

Growing 12.20 

Replenishing '. 10.18 


18U3. 

17.21 
1.82 
3.33 


1894. 


1866. 


4.95  I    24.37 

10.38  I      8.77 

6.85  .    15.40 


Y«Hr 44.54  1    22.38  i    22.18 


Storage.. 
Growing 


48.54 


15.77 

8.60 

23.22  I 

15.51 

:.n 

2.a5  ! 

6.72 

10.88 

l.« 

9J6 

5.18 

10.22 

6.25 

.To 

5.5' 

23.00      25.54       40.35       17.58        & 


19.99 
15.05 


1896. 

10.26 
2.83 


1897. 


9.73 
12.22 


Replenishing '    14.62  1      4.19      10.43 


20.00  12.37 
13.69  aOB 
10.0f7         2.26 


TO 
lafi 


Year ,    49.66,    17.28      32.38 


43.76      17.  n :     *.« 


1898. 


Storage-.....- '    34.24 


Growing 

Replenishing. 

Year 


9.98 
13.86 


16.74 
1.H9 
3.90 


8.50 
9.95 


48.07  I    21.(J8       27.04 


1809. 

22.79      au.49  2.1' 

14.12  !      2.46  U.ffi 

11.36         4.01  ::% 

48.27  I    26.96  21  .€ 
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Table  No.  d.—Tohickon  Creek,  JSS4-JcSVS,  invlmsivv, 
[Ciitchixientarea= 102.2  Hquare  miles.] 


1884. 


Period. 


Rain- 
fall. 


Ban-    Evapo-  Rain 
off.      ration,     fall. 


fttorai^ 26.06 

Growing '    17.52 

Replenishing 7. 97 


27.27  '  -1.21  '  21.88 
6.53  j  10.99  '  11.31 
1.35  I      6.62  '    10 


Year 51.65      35.16 


6.62 
16.40 


1885. 

Run- 
off. 


Evapo-|  Rain- 
ration,     fall. 


1886. 

Run-  lEvapo- 
off.     I  ration. 


43.17 


19.45 
1.54 
2.94 


2.41 
9.77 
7.06 


28.51 

11.10 

9.05 


27.79 
2.27 
2.04 


28.93  I    19.24  >    48.69      32.10 


0.75 
8.88 
7.01 


16.60 


Storage 21.00 

Growing 19.19 

Replenishing 6.71 


1887. 

r 

18.44  I      3.16 

4.80      14.39 

.91        5.80 


1888. 


1889. 


28.52 

27.37 

1.15 

25.13 

12.96 

1.99 

10.97 

2J.90 

16.04 

10.14 

5.90 

21.34 

17.82 

7.31 

12.45 

11.45 

18.70 

7.64 

Year. 47.50 


24.15      28.35      57.52  '    39.60  ;    18.02 


70.37  I    43.97 


26.40 


1880. 


Storage 25.09  1    19.01 

OrowinK 15.49        2.64 

Replenishing 10. 20  ;      5. 45 


Ye«r 


50.78 


27 


6.08      23.07 

12.96       19.77 

4.76        7.16 


2:178      50 


1891. 

20.23 
4.99 
2.03 


1802. 


2.84 

14.78 

5.13 


2143 
11.22 
10.66 


19.76 

3.67 

1.52 

9.70 

3.47 

7.18 

1898. 


27.25      22.76       46.:*) 


1894. 


24.75 


1806. 


20.56 


Storage  22.ft5 

Growing 14,82 

Replenishing 11.31 


2S.05 
2.10 
4.06 


Year 48.96,    28.21 


0..77 

12.72 

7.26 


27.04 

6.96 

17.63 


20.74      51.62 


21.65 

.84 
8.11 

30.60 


5.39 

21.:J6 

19.91 

1.44 

6.11 

12.45 

1.46 

10.90 

9.62 

6.63 

.28 
21.65  ! 

6.35 

21.08 

40.48 

18.78 

1896. 


1897. 


1898. 


Storage 21.69 

Growing '    13-76 

Replenishing 12.53 


Year 


48.03 


12.30 

2.91 

4.52 

19.73 

9.:« 

20.82 

13.93 

6.89 

26.40 

21.20 

5.20 

10.85 

17.32 

6.12 

12.20 

10.87 

1 

9.87 

8.06 

8.78 
46.92 

1.98 
21.  f« 

6.80 
25.89 

13.80 

5.19 
27. :« 

8.61 

28.30 

51.07  ; 

23.68 
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[NO.«]L 


Table  No.  10.— Hudson  River,  ISSS-fitol,  inductive, 
[Oatcbmeut  area— 4,5U0  square  mileM.] 


Period. 


Rain- 
faU. 


Storage 20.40 

Growing. 10.25 

Repleniflbin^ 13.27 


1888. 

Rnn- 
off. 


17.08 
2.05 
4.63 


Evapo- 
ration. 


3.34 

8.20 
8.74 


Rain- 
fall. 


17.10 
15.05 
10.81 


1889. 

Run- 
off. 


14.04 
4.28 
3.41 


1880. 

Evapo- 
ration. 

Raio-  \ 
fall.    ! 

Run- 
off. 

EvajHH 

rfctKm. 

3.08  i 

24.75 

1W.28 

5.47 

10.79 

13.50 

2.85 

ln.« 

7.40 

12.10 

6.81 

5.29 

Year 43.92    «28.64      20.28    a42.96      21.71       21,25    a50.35       28.94 


fl-41 


1891. 


Storage 20.89      16.59 

Growing 13.49        2.07 

Replenishing 8.78        1.90 


Storage.- 21.:ir 

Growing H.73 

Replenishing 11.87 


1894. 

13. 18 
3.20 
2.99 


1897. 


Storage 19.77 

Growing 16.80 

RepleniBhing 10.94 

I       _ 

Year 46.51'    26.19 


I 


4.10  I    24.95 

11.42      19.12 

6.88        9.80 


Year 42.96.    20.56!    22.40 

I 


53.87 


1892. 

22.50  I  2.45 

6.87  \  12.25 

3.71  6.09 


1893u 


19.83        15.20  '       4.«3 

13.37         3.12        lO.S 

H.98  3.59  o39 


38.08      20.79       42.18  ,     21.91        *  *: 


1895. 


1896. 


8.19 
5.5!^ 

8.88 


Year iX.Vfl      19.37      22.00 


15.79 

11.68 

4.11 

10.87 

2.36 

8.01   , 

10.51 

3.42 

7.09    . 

36.67 

17.46 

19.21 

28.17 

16.52 

10.25 

2.5:^ 

12.79 

4.58 

4.\21        23.tte 


5  65 


7.^ 


21  > 


14.60 

5.17 

22.80 

7.79 

8.01 

13.52 

3.80 

7.14 

12.19 

1898.  1899. 

18.61  i  4.19  19.48  lo.l5  j 

8.24  10.28         7.40         l.«3  • 

5.27  6.92        8.91  '       «.76  i 


20.32       48.51       27.12      21.39      35.79       19.54 


4.^ 
5-77 
5  1'^ 

IHiS 


1900. 


1901. 


Storage  - 21.13 

Growing 12.11 

Replenishing 12. 17 


16.12 
2.30 
2.25 


Year 45.41  I    20.67 


<(  Approximate. 


5.01  18.47 
9.81  15.09 
9.92        9.<J2 


14.  M 
4.(S 
3 


24.74       42.58       21.H6 


:tS3 

ll-'C 


RAFTKR.] 


TABLES. 


97 


Table  No.  11. — Pequamwdc  River ,  1891-1S99,  inclusive. 
[Catchment  area=63.7  square  milee.] 


Period. 


Storage 

Qro-wing 

Replenishiner 


1^91. 


1882. 


1893. 


Bain- 
fall. 


Run-    Evapo- 
off.      ration. 


36.78 

12.52 

7.23 


17.49 
2.21 
2.97 


9.29 

10.31 

4.26 


I 


Rain- 
faU. 


19.54 

12.83 

9.17 


Run-    Evapo-  Rain-     Run-    Evapo- 
off.     I  ration,     fall.    I    off.     I  ration. 


Year 46.63      22.67      23.86      41.64 


1894. 


18.11 
3.43 
2.23 

23.80 
1895. 


1.43 
9.37 
6.94 


24.70 
13.02 
10.72 


I 


23.62 
2.53 
4.44 


17.74       48.44      30.60 


1896. 


1.06 

10.49 

6.28 

17.85 


Storage 20.29 

Gro-wing 6.}^1 

Replenishing 16,;}3 

Year 42.43 


Storage 21.05 

Growing 21.31 

Replenishing 9.60 


Year 


51.  S6 


' 

18.59 

1.70 

19.69 

18.08 

1.61 

25.62 

19.29 

0.33 

2.20 

3.61 

10.07 

1.66 

8.41   , 

13.51 

3.47  ' 

10.  Ot 

8.:B 

8 

8.16  ! 

1.37 

6.79 

14.52 

7.18 

7.34 

29.12  , 

13.  :n 

87.92 

21.11 

16.81 

53.65 

29.94 

23.71 

1897. 

1898. 

1899. 

17.57  ' 

3.48 

27.29 

22.74 

4.65 

22.29 

21.95 

0.34 

8.10 

13.21 

12.  »4 

2.48  ; 

9.70  ' 

12.57 

1.88  ' 

10.69 

2.83 

6.67 
2:}..T> 

13.48  1 
5.3.01  1 

3.54 

9.94 
24.25 

10.93 
45.82 

2.74 
26.57  1 

8.22 

2S..>') 

5:8. 76 

19.25 

IRR  80— 0:3. 
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Ml    !*l. 


Table  No.  12. — (Utiniectieut  River,  Av;..'-i<v.v/7,  inclnHiv*\ 
[Catchment  ai*ea==  10,234  square  miles.] 


Peritxl. 


1872.  I 

Rain-  '  Run-  .EyaxK>-   Rain- 
fall,       oflf.      ration,     fall. 


1873. « 

Run-    Evapo-   Rain 
fall.    .  ration,     fall. 


1>C4. 


Run-    Ev-.ij"  - 
off.      r»T]ia 


Storat^  • 

Orowinjf 

Replenishing 

Year  . . . 


14.98  13.:*)  I  l.«2  18.10  21. 8»)  -  3.W  Si. OS  «.«»4 

18.96  1  6.29  lr>.G7  30.11  2.71  7.40  14.37  0.02 

12.42  6.(J4  I  5.78  r>.04  5.22  9.82  7.76  2.1* 

4<i.30  26.23  1  20.07  4:i.31  2a.  73  13.58  45.21  31.  XI 


II 114 


Peri*  Ml. 

StoraK« 17. 51 

Growing 14.55 

Repleniphing 11.38 


1875. 


1876. « 


1*C7 


15. 47 

2.04 

22.50 

24.74 

-  2.24 

18.  (J9 

12.  »* 

5  41 

3.80  1 

10.75  1 

12.  .51 

3.a5 

9.16 

14.  OJ) 

2.91 

11. tt 

3.60 ; 

7.76 

10.57 

2.2K 

8.29 

13.  OH 

5.27 

7.4 

Year 4:J.42       22.87  1    20.55       45.58      30.37,    16.21       45.17 


20. « 


t\.A 


I 


Period. 


1878. 


1879. 


!»*). 


Storage.. 21.88'    18.02 

Growing 13.59        3.45 

Replenishing 10.66        3.06 


Year 


46.03       24.5:) 


Period. 


1881. 


3.86 

23.19 

21.49 

1.70 

18.29 

14.7J< 

'AM 

10.14 

16.07 

2.92 

13. 15 

11.  «2 

2-45 

!*.:: 

7.50 

9.48 
4«.74 

2.93 

6.55 
21.40 

11.58 
41.  a9 

2.6g 

19.  K5  ! 

>  {K 

21.50 

27.34 

21. '4 

1882. 


Storage 20.83 

Growing 11.30 

Replenishing 11. 38 


16.02 
2.98 
8.89 


4.81 
8.37 
7.99 


ft  20. 50       1*.14 

HI.  45  ;      3.:« 

fc6.o0        2.17 


8.36    ftl2.ft5 

8.10  ifciaso 

4.83  I    66.20 


Year...  43.51       22.34  1    21.1 

I 


88.45       17.66       20.79       32.55 


Period. 

Storage. 21.42 

Growing 12.14 

Replenishing 8.61 


1984. 


18H3. 

8.7:< 
2.51 
1.37 

1*.61 

18K5. 


4 :; 

4>3 
1S>.H 


Year 1    42.07 


20.20 

1.22 

18.68 

2.T9 

9.86 

14.82 

2.61 

6.90 

n.76 

25.60 

16.47 

45.16 

13.  (i3 

5.C1 


fir. 


22.44         -& 


I- 


«  Not  included  in  mean. 


f>  Rainfall  computed,  approximate. 
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Table  No.  13. — Mean  or  average  rainfall,  rnn-off,  and  evaporation  for  ntorage, 
grtnciug,  and  replenishing perimls  for  1*  streamn  of  the  United  States. 


Period. 


'  MuHkingum  River, 
from  IWH  to  1W5, 
ei^ht  yearH.  Catcb- 
ment  area,  6.HJ5K 
8(iuai*(>  milos. 


Rain. 


Run- 
off. 


Genesee  River,  from  ,  Croton  River,  from 
18«)  to  IMjW,  nine  1877  to  i«»,  twentv- 
years.  Catchment  three  years.  Caton- 
area.  1,(W(>  square  i  ment  area,  *«.8 
miles.  Hc^uare  miles. 


Evai>- 

ora-      Rain, 
tion.   ■ 


Run- 
off. 


Evap- 
ora- 
tion. 


Rain. 


Run- 
off. 


E^•ap- 
oi-a- 
tion. 


ST«»rag:e 18.Q 

<4rowing 11.6 

Rt'ploniHhing 9.3 


Year 


3». 


9.6 
1.7 
1.8 

13.1 


9.2 
9.9  , 

7.5 

I 


26.6 


19.4 

11.5 

9.4 

40.3 


10.5  8.9         23.7         16.8 

1.7  9.8  i      13.6  2.6 

2.0  7.4  '      12.1  3.4 


14.2        26.1  !      49.4 


22.8 


G.9 
11.0 

8.7 

26.6 


Period. 


Lake  Cochituate, 
from  1863  to  1900, 
thirty-eight  years. 
Catchment  area. 
18.9  square  miles. 


Sudbury  River,  from 
1875  to  1900,  twenty- 
six  years.    Catch- 
ment area.   78.2  ! 
square  miles."  I 


Mvstic  Lake,  fi*om 
1878  to  1895,  eighteen 
years.  Catchment 
area,  2B.9  square 
miles. 


S-r>i*aK«* 


i*rovring 

R(*plen  lAhing 

Year  ... 


Rain. 

2:3.1 
11.6 
12.4 


Run- 
off. 


14.9 
2.1 
3.3 


Evap- 
ora- 
tion. 


8.2 
9.5 
9.1 


Rain. 


2:15 
10.7 
11.9 


Run- 
off. 


17.9 
1.7 
3.0 


Evap- 
ora- 
tion. 


47.1        20.3        26.8        46.1        22.6 


5.6 

9.0 
8.9 

23.5 


Rain. 


22.4 
10.9 
10.8 

44.1 


Run- 
off. 


15.1 
2.8 
2.6 

20.0 


Evap- 
ora- 
tion. 


7.3 
8.6 

8.2 

24.1 


Period. 


Neshaminy    Creek, 
fi-om  1884  to  1899,  six- 
teen years.    Catch- 
ment  area,  139.3  1 
square  miles. 


Perkiomen  Creek. 
froml884tol899,  six- 
teen years.  Catoh- 
ment  area,  152 
square  miles. 


Tohickon  Creek,  from 
1984  to  1898,  fifteen 
years.  Catchment 
area,  102.2  square 
miles. 


Rain. 


Run- 
off. 


Evap- 
ora- 
tion. 


Storaife 2H.1  17.2 

Orr>winfir 134  2.7  ' 

ReplenishinK \  11  1  |  8.2  1 

Year I  47.6  88.1 


5.9 

10.7 

7.9 

24.5 


Rain. 

28.2 
13.7 
11.1 


Run- 
off. 


'  Evap- 
ora-      Rain. 


I 


I 


16.7 
8.1 
8.8 


tion.   I 

6.5 
10.6  , 
7.3' 


24.2 
14.6 

n.3 


48.0  I      23.6 


24.4  :      50.1 


Run- 
off. 


20.5 
8.5 
4.4 

28.4 


Evap- 
ora- 
tion. 


8.7 

n.i 

6.9 


21.7 


Period. 


Hudson  River,  from 
1888  to  1901,  four- 
teen years.  Catch- 
ment area.  4,600 
square  miles. 


Pequaifnock  River, 
from  1891  to  1899, 
nine  years.  Catch- 
ment area,  63.7 
square  miles. 


Connecticut  River, 
from  1872  to  1886, 
eleven  years. '> 
Catchment  area, 
10,234  square  miles. 


Htoracr<^ 

OrowinfiT 

Repleniabinir 


Rain. 

20.6 
12.7 
10.9 


Ron 
off. 


16.1 
8.5 
8.7 


YeAF 44.2        28.8 


Evap- 
ora- 
tion. 


4.5 
9.2 
7.2 

20.9 


Rain. 

23.0 
12.7 
11.1 


Rnn- 
off. 


19.7 
8.1 
4.0 


46.8        26.8 


Evap-; 
ora-   I  Rain, 
tion.  ' 


8.3 
9.6 
7.1 


18.9 
18.8 
10.8 


20.0  !      43.0 


Run-  !  ^^P- 
off-    I   t^n. 


15.1  '  8.8 
3.3  '  10.5 
8.6  I         6.7 


22.0         21.0 


a  gee  explanatory  matter. 


b  Three  years  omitted  from  mean. 
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[xo.>Ci. 


Table  No.  15. — iMW-water  periods  on  Genesee  River. 

fCatchinent  area  at  point  of  K^priiiK  -  1,<I70  square  inileK;  Rlx>Te  proposed  dam  ^-  l.flfil  sqiiare 

miles.] 


Mouth. 


1S04. 
June 

July 

AuKQSt 

September 
October  . . . 
November 
December . 


lMft'>. 
January . . . 
February . . 

March 

April 

May 

June 

July 

AugUHt 

September 
October  ... 
November 
December . 


1896. 
January . . . 
February . . 


First  i>eriod. 

ftri.«R    Evapora- 

denth    I      ^'^"^       Netrun- 

iyy}.\l^       water       incrlies. 
mches.     surface. 


Month. 


Per 


SI  months 


1.10 
.1-1 
.22 
.08 
.44 
.82 
.«! 

,  HH 

.22 

1.94 

2.01 

.19 

.13 

.11 

.12 

.10 

.11 

.47 

1.32 

.47 
.91 

13.02 


cent. 
0.(J6 

.07  [ 
A\i  : 
.(H  I 
.02 

.01 ; 

I 

.01 
.01  I 
.02 

.06  ' 
.06  J 
.05  I 
.04 

.08  I 

I 

.02  I 

.01 

.01 

.01  I 

.01 


'  1896. 

1.05     June 

.08  '   July-- 

.15  j    Augrust 

.89   I  September. 

.41      October 

.  80      November . 
.60  I    December  . 


1.92 
1.98 


.46 
1.41 

.46 

.90 

12.:i7 


November 
December 


Second  period. 


Gross 
depth. 

m 
inches. 


EvajK>ra- 

tion '      Net  ruij- 
fri>ni         <jff.  in 
water       inches 

surface. 


I  1897. 

.05     January 

.21  I,  February 

March ' 

April 

.13  !•  May 

.07   '  June 

.08   ,  July 

.08      August ' 

.07     September 

.09   '  October 


0.39 

r2A 

.2J) 

-irj 
1.74 

.82 

.79 

.78 

.79 
2.65 
1.31 

.99 

.44 

.46 

.44 

.18 

.18 

.37  • 

.95  ' 


.ir> 
.ft* 

.16 

.01 

•  .01 
.01 
.<bJ 
.03 
.06 
.06 
.06 
.05 
.(4 
.03 
.Ctt 
.01 


.l«i 
.15 

hi 
Mi 


*fi3 

i.a< 
.« 

.39 
.14 
.15 
.35 


19  monthH . 


13.88 


A4 


13  24 
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LETTER  OF  TRANSMITTAL. 


Department  ob^  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
WashingtoUy  D.  C,  Janua't^y  15^  1903. 
Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "Cali- 
fornia Hydrography,"  by  Mr.  J.  B.  Lippincott,  containing  a  summary 
of  as  much  of  the  data  concerning  the  water  supply  of  California  as 
is  available  from  printed  records  and  from  observations  of  other  engi- 
neers and  investigations  made  by  this  Survey.  The  published  records 
on  the  subject,  hitherto  much  scattered,  some  of  them  out  of  print 
and  difficult  to  secure,  are  here  brought  together,  and  the  paper 
should  therefore  form  a  convenient  and  valuable  book  of  reference 
for  the  use  of  engineers,  irrigators,  and  all  who  are  interested  in  the 
development  of  the  valuable  water  resources  of  California. 

For  convenience  in  the  use  of  the  book  the  prominent  drainage 
basins  have  been  i)laced  in  alphabetic  order,  and  the  minor  tribu- 
taries of  the  larger  streams  have  Imen  arranged  alphabetically  under 
the  name  of  the  trunk  stream  into  which  they  discharge.  The  minor 
tributaries  and  irrigation  ditches  have  in  addition  been  cross-entered 
in  alphabetic  place,  so  that  they  may  be  found  independently  under 
their  local  names.  The  discharge  measurcment;S  include  both  low- 
water  and  flood  records  and  are  accompanied  by  useful  precipitation 
data. 

Very  respectfully,  F.  H.  Newell, 

Hydrographer  in  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeologiccd  Survey. 
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CALIFORNIA  HYDROGRAPHY. 


By  Joseph  Barlow  Lippincott. 


The  purpose  of  this  publication  is  to  assemble  under  one  cover  as 
much  of  the  data  concerning  the  water  supply  of  California  as  is 
available  from  printed  records,  observations  of  other  engineers,  and 
investigations  made  by  this  Survey.  The  greater  i)ortion  of  the  data 
are  obtained  from  the  latter  source.  The  records  of  stream  flow  that 
have  been  published  by  the  United  States  Geological  Survey  apx)ear, 
first,  in  numerous  Water-Supply  Papers,  which  are  published  annually, 
soon  after  the  end  of  the  year's  work,  and  contain  a  brief  summary 
of  the  past  year's  operations,  and,  second,  in  large  annual  reports, 
showing  the  average  monthly  discharge  and  other  records  of  streams 
in  all  i)ortions  of  the  United  States.  Thus,  while  the  published  record 
is  complete,  it  is  distributed  through  many  volumes,  and  numerous 
investigators  do  not  have  a  complete  set  of  these  publications. 

Tlie  methods  of  stream  measurement  practiced  by  the  Geological 
Survey  are  fully  described  in  Water-Supply  and  Irrigation  Paper  No. 
56.  In  brief,  they  usually  consist  of  measuring  the  cross  section  of 
the  stream  with  a  tape  and  a  sounding  rod,  and  determining  the 
velocity  at  numerous  points  in  this  cross  section  by  means  of  a  cur- 
rent meter,  usually  of  the  Price  type.  On  large  streams  the  meter 
measurements  are  usually  made  from  cables.  On  small  streams  they 
are  often  made  from  foot  bridges.  The  velocity  observed  is  applied 
to  each  subdivision  of  the  cross  section  where  it  is  made,  and  the 
aggregate  discharge  of  these  cross  sections  is  taken  as  the  total  dis- 
charge of  the  stream.     On  small  streams  weir  measurements  are  often 

uiade. 

"When  a  record  of  daily  flow  is  to  be  kept  on  any  river  a  gage  rod 
is  established  on  the  stream  near  the  point  of  measurement,  and  the 
height  of  the  water  on  this  rod  is  observed  and  recorded  at  the  time 
each  measurement  is  made.  By  properly  selecting  periods  of  high, 
lo^Wy  and  average  water  for  the  times  of  measurement  it  is  possible  to 
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formulate  a  rating  or  discharge  curve  for  the  river  in  terms  of  volume 
discharged  and  water  height  on  the  rod.  A  local  observer  is  employed 
to  read  the  rod  daily,  and  from  these  observed  rod  readings  a  state- 
ment of  daily,  monthly,  and  annual  discharge  is  deduced. 

Some  of  the  data  given  were  contributed  by  irrigation  and  power 
companies  from  daily  records  kept  at  their  head  works.  In  cases  of 
this  kind  due  credit  is  given. 

The  reports  compiled  and  published  by  the  California  State  engi- 
neering department  between  the  years  1878  and  1884 «  are  now  out  of 
print  and  hard  to  obtain.  The  information  contained  in  them  is  there- 
fore included  in  this  paper.  The  method  of  stream  measurement  most 
commonly  practiced  by  the  State  engineering  department  consisted 
<^  stretching  two  wires  across  the  stream  at  a  fixed  distance  apiut  and 
noting  the  time  of  passage  of  floats  through  the  section  observed  from 
the  upper  to  the  lower  wire.  Cross-sectional  areas  were  ineasared  and 
the  velocities  indicated  by  the  floats  were  applied  thereto,  thus  deter- 
mining the  discharge.  Daily  records  of  river  heights  on  gage  rods 
were  kept  on  a  number  of  the  streams  in  a  manner  similar  to  that  prac- 
ticed by  the  United  States  Geological  Survey.  A  rating  table  for  the 
station  was  obtained  from  the  discharge  measurements,  and,  by  apply- 
ing it  to  the  daily  rod  readings,  monthly  and  annual  discharge  tables 
were  determined.  In  several  instances,  however,  where  records  have 
been  kept  on  neighboring  streams  the  State  engineering  department 
has  prepared  theoretical  discharge  estimates  of  other  streams  in  the 
same  locality  by  using  the  rate  of  run-off  per  square  mile  obtained 
from  a  measured  stream  and  applying  it  in  determining  the  probable 
run-off  from  the  basin  of  a  neighboring  stream.  In  cases  of  this  kind 
the  discharge  figures  are  marked  with  a  star.  In  each  instance  the 
effort  has  been  made  to  give  the  date  of  the  measurement,  the  name 
of  the  observer,  the  volume  discharged,  and  a  description  of  the 
locality  and  stream. 

The  measurements  have  l)een  grouped  in  the  principal  drainage 
basins,  but  it  would  obviously  be  impossible  to  adhere  rigidly  to  this 
arrangement.  For  instance,  all  the  streams  of  the  San  Joaquin  Val- 
ley are,  technically  speaking,  tributary  to  San  Joaquin  River,  but  it 
would  be  manifestly  improper  to  include  all  the  main  rivers  from  the 
Sierras  in  this  section  under  the  head  of  San  Joaquin  River.  The 
rule  therefore  has  been  adopted  of  giving  each  prominent  drainage 
basin  its  place  in  alphabetic  sequence;  the  minor  tributaries  of  these 
large  streams  are  then  arranged  alphabetically  under  the  name  of  the 
trunk  stream  into  which  they  discharge.  For  instance,  Tuolumne 
River  is  considered  an  independent  stream,  but  Fleanor  Creek,  Fall^ 
Creek,  etc.,  are  considered  minor  tributaries  and  are  arranged  under 
the  heading  "  Tuolumne  River."    The  effort  has  been  made,  however, 


a  No  measurements  were  made  by  the  California  State  engineering  department  Balweqnent  to 
1884,  as  the  office  was  then  discontinued. 
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to  cross-enter  all  these  minor  tributaries,  so  that  they  may  be  fottltd 
independently  under  their  local  names,  reference  being  made  to  the 
trank  stream  into  which  they  discharge. 

Undoubtedly  many  measurements  that  are  not  available  for  this 
publication  have  been  made  for  corporations  and  individuals  by 
engineers  of  California.  These  data,,  if  they  could  be  obtained,  would 
doubtless  be  of  great  value,  and  the  suggestion  is  here  made  that  it 
would  be  a  public  benefit  to  send  this  information  to  the  United 
States  Geological  Survey,  where  it  would  be  available  for  publication 
in  subsequent  bulletins  of  this  nature. 

The  records  of  the  Signal  Service  and  Weather  Bureau  are  also 
contained  in  annual  reports  extending  over  a  long  term  of  years,  and 
the  engineer  who  possesses  a  complete  file  of  these  publications  is 
indeed  fortunate. 

The  rain  water  which  forms  the  source  of  the  water  supply  for  agri- 
culture in  California  falls  in  large  part  upon  the  mountain  ranges  of 
the  State.  It  is  a  well-known  fact  that  within  the  State  there  are  vast 
diflPerences  in  rainfall  with  increase  or  decrease  of  elevation,  particu- 
Inrly  on  the  western  slopes  of  the  mountain  ranges.  Rainfall  statis- 
tics have  been  compiled  in  great  mass  for  the  valley  districts,  where 
fanning  is  actually  carried  on,  but  the  engineer  who  is  investigating 
plans  for  storage  and  power  is  much  more  interested  in  the  rainfall  of 
the  mountains.  An  attempt  has  been  made  to  include  in  this  paper 
all  available  data  relative  to  precipitation  at  the  higher  elevations. 
The  Weather  Bureau  publishes  its  records  of  precipitation  in  calen- 
dar years,  beginning  with  the  1st  of  January,  which  is  the  middle  of 
the  rainy  season  on  the  California  coast.  A  record  beginning  on  the 
1st  of  January  may  show  for  that  and  following  months  conditions  of 
excessive  drought,  while  for  the  following  November  and  December  of 
the  same  calendar  year  it  may  give  records  of  excessive  rainfall,  the 
result  indicated  for  the  calendar  year  being  a  mean  rainfall,  whereas 
there  may  have  been  a  dry  season  followed  by  one  of  excessive  precip- 
itation. For  this  reason  the  rainfall  records  for  the  mountain  dis- 
tricts have  been  classified  in  seasonal  years,  and  it  is  believed  that 
their  presentation  in  this  form  will  avoid  for  the  engineer  many  labo- 
rious retabulations  of  results.  Particular  effort  has  been  made  to 
collect  and  present  new  data. 

£ach  table  of  precipitation  is  accompanied  with  a  statement  show- 
ing the  approximate  position  of  the  station  and  its  elevation,  as  well 
as  the  authority  for  the  record.  These  records  are  in  part,  taken  from 
the  annua! reports  of  the  Weather  Bureau  and  rearranged  in  seasonal 
instead  of  calendar  years,  as  stated  above.  All  the  regular  stations 
of  the  United  States  Weather  Bureau  are  situated  at  relatively 
low  elevations  with  the  exception  of  Mount  Tamalpais,  but  some  vol- 
untary observers  report  to  the  Weather  Bureau  from  mountain  sta- 
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tions.  TheHe  observeiH  use  a  variety  of  meaeuring  devices.  Some 
use  glass  graduates,  with  various-sized  catchment  oups,  and  some 
employ  more  primitive  implements.  The  records  of  mountain  pre- 
cipitation, however,  are  so  scarce  that  they  are  all  given  here,  because 
it  is  believed  that  any  information  tending  to  throw  light  on  this 
subject  is  of  value. 

All  the  records  that  are  credited  to  the  Southern  Pacific  Railroad 
were  obtained  from  Mr.  William  Hood,  chief  engineer  of  the  system. 
The  rain  gages  used  by  the  railroad  company  are  small  gages  with 
3-inch  catchment  cups,  usually  set  on  posts  about  6  feet  in  height, 
and  the  observations  are  made  by  the  local  railroad  agents.  Their 
reports  are  sent  in  promptly  to  San  Francisco  and  are  there  tabulated 
by  a  corps  of  clerks  whose  time  is  devoted  entirely  to  this  subject. 

In  many  places  in  the  high  mountain  districts,  particularly  at  the 
greatest  elevations,  the  gages  have  been  lately  furnished  by  the 
hydrographic  branch  of  the  United  States  Geological  Survey.  The 
gages  used  in  these  places  are  of  the  standard  type,  with  an  8-ineh 
measuring  cup.  Snow  observations  are  made  by  melting  the  snow 
and  reporting  the  resultant  water. 

REXiATION    OF    RAINFAIil.  TO    RIJN-OFF    IN  CAI^TFORNIA. 

DIAGRAMS    AND    TABLES. 

The  accompanying  diagrams  and  tables  are  presented  as  the  result 
of  a  study  of  the  available  rainfall  and  run-off  data  for  California 
watersheds. 

As  the  run-off  diagram  was  to  be  used  in  estimating  the  water  sup- 
ply available  for  various  storage  reservoirs  for  irrigation,  it  was 
thought  best  to  represent  the  run-off  in  acre-feet  per  square  mile. 
The  majority  of  the  discharge  reports  give  the  depth  of  run-off  in 
inches.  The  accompanying  table  has  been  made  for  converting  depth 
of  run-off  in  inches  to  run-off  in  acre- feet  per  square  mile,  the  follow- 
ing formula  being  used : 

Depth  of  run-off  in  inches  X  (0.0833x040)= run-off  in  acre -feet  per 
square  mile. 
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Ttiblefor  converting  depth  of  run-off  in  inches  into  acre-feet  per  square  mile. 
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At  tbe  outset  many  difficulties  presented  themselves.  Tlie  most 
serious  one  was  that  of  obtaining  measurements  of  rainfall  at  the 
higher  elevations.  The  streams  having  the  largest  run-off,,  and  on 
which  discharge  records  had  been  kept,  have  their  sources  on  the 
western  slopes  of  the  high  Sierra  Nevada,  where  there  are  few  or  no 
inhabitants  above  7,000  feet,  and  consequently  no  observers  of  rain- 
fall ;  but  the  valuable  rainfall  records  of  the  Pacific  Railway  system 
along  the  line  of  railway  from  Sacramento  to  the  summit  of  the  Sierra 
Nevada  at  Railroad  Pass  offered  a  solution  of  this  difficulty.  In  fig. 
1  the  mean  rainfall  and  the  elevation  of  the  station  are  plotted  as 
ordinates,  and  the  distance  inland  of  the  station  as  abscissas. 

The  rate  of  increase  of  precipitation  from  Sacramento  to  Cisco,  at 
the  elevation  of  6,000  feet,  the  point  of  maximum  rainfall,  seems  to 
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be  0.6  incli  i>er  100  feet  of  rise.  The  precipitation  above  tlie  '>,0(«i- 
foot  point  decreases  with  the  elevation  approximately  at  the  rat«  of 
0.4  inch  per  100  feet  of  rise. 

Fortunately,  in  TuolumneBiverBasin,  about  midway  between  Amer- 
ican and  King  river  basins,  there  is  another  series  of  rainfall  sta- 
tions, including  I>agrange,  elevation  203  feet  above  sea  level ;  Sonora, 
elevation  1,824  feetj  Second  Garrote,  elevation  2,!K)0  feet,  and 
Crockers,  elevation  4,453  feet.  The  mean  rainfall  of  these  stAtions. 
p1otte<l  as  in  the  above  diagram,  indicates  the  rate  of  increase  from 
Lagrange  to  Ci-ockei-s  to  be  0.84  inch  per  100  feet  of  rise.  This  rate 
of  increase  has  Iften  taken  to  hold  good  up  to  an  elevation  of  6,0ia] 
feet,  and  above  this  the  rate  of  decrease  of  rise  to  Ik*  0.4  inch  per  if*' 
feet  to  an  elevation  of  9,000  feet.     Probably  the  rate  of  increase  and 


decreatte  would  Iw  more  correctly  represented  by  a  curve^l  line,  but 
the  data  are  not  sufficient  to  warrant  sucii  i-eppcsentation. 

At  these  rate.s  of  increase  and  decrease,  the  mean  precipitation  for 
the  years  18!)6-18!)9,  at  an  elevation  of  9,000  feet  in  the  Tuolumnf 
River  Basin,  would  be  49.8  inches;  if  «now  converts  into  water  at  the 
ratio  of  8  to  1,  the  snowfall  would  lie  33.2  feet  at  this  elevation. 

It  was  found  impossible  to  use  the  run-off  data  of  Kern  River 
Basin — though  that  stream  is  without  doubt  more  closely  watched 
than  any  other  stream  in  the  State  and  the  record  is  the  oldest  for 
any  large  stream  in  the  State — because  of  the  exposure  of  the  wat*>r- 
shed  and  l>ecau.so  of  the  sciircity  of  rainfall  data.  This  watA?rshe<l  i--; 
bounded  on  the  west  for  almost  its  entire  length  by  a  high  inoiintMin 
range.  Concerning  the  precipitation  on  the  eastern  slot>o  of  IhL* 
range,  little  is  known  l>eyond  the  fact  that  it  is^erj^  much  less  thim 
on  the  western  slope. 
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III  18J)G  the  total  run-off  from  King  River  Basin,  comprising  1,775 
square  miles,  was  1,871,005  acre-feet.  For  the  same  year  the  run-off 
from  Kern  River  Basin  was  619,630  acre-feet.  The  ratio  of  the  area 
of  King  River  Basin  to  Kern  is  1  to  1.32,  and  the  ratio  of  run-off,  1  to 
0.33,  though  the  higher  drainage  areas  of  the  streams  are  contiguous. 
It  was  also  thought  best  not  to  use  the  run-off  and  rainfall  data  for 
Piru  Creek  Basin,  furnished  by  the  Antelope  Valley  Water  Company, 
because  the  ratio  of  discharge  in  acre-feet  per  square  mile  was  greater 
than  any  other  record.  There  is  little  doubt  about  the  accuracy  of 
both  the  run-off  and  precipitation  records,  the  explanation  being  that 
the  rainfall  observation  stations  were  necessarily  situated  at  so  low 
an  elevation  that  the  record  did  not  represent  the  mean  rainfall  for 
the  higher  portions  of  the  basin. 


Annual     Rainfbll     in    Inches. 

•  m  f\fnion  of  Peninaular  mrtJgrsht^,  SanHettn  Crt^k  •   PiruCretk  H^rtgrshttf 

•  Socrznrtmnto  Rirtr  Wbfrstmt  X    Salt  ^»rfnf  iMhy  Wirtwrshm^ 
6    S£.  Portion  of  Ptninsviar  n^ttrsheef,  SanMat9o  Cr»»k  \    Stanislaus  Riv^r  mrttrsha^ 

«    Abo0m  5L£1 01a'  tL£.  Portion  of  f^ninst/lar  mrttrshaef,  San  Motto  Cntk     J    TUolumno  Rivtr  mrforshttf 
M    Cuyutrmcar  fltst*-volr  mitonhod  *    San  Joaquin.  Rivor  mrt$rshoct 

•  S^^otwuittt'  Rosorvoir  mifors/mf  ■    ifirrys  Rivor  mrtorshoa 

■•■    Arrv*rtma«l  Rosertvir  Co.  O    Ring  tnchsin^  Symbol  indica*9sMtanf»aMat 

Fio.  2. — ^Annnal  and  mean  run-oflP  from  California  watersheds,  based  on  several  years'  obser- 
vations, rt 

The  run-off  and  rainfall  data  of  the  streams  which  were  used  to 
make  the  discharge  diagram,  fig.  2,  will  be  mentioned  in  the  order 
from  north  to  south  in  which  their  watersheds  occur. 

STATISTICS  BY  BASINS. 


Sncratiienio  River  Basin, — The  rainfall  stations  used  in  determining 
the  mean  annual  precipitation  for  Sacramento  River  Basin  were  the 
following:  Red  Bluff,  Rosewood,  Redding,  Delta,  Dunsmuir,  Shasta, 
Sisson,  and  Fort  Bidwell. 

There  were  absolutely  no  records  for  the  great  interior  mountain- 


a  For  derivation  of  "  Newell  curves,"  see  Nineteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2, 1894, 
p.  151. 
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ous  and  lava  country  in  Siskiyou,  Modoc,  and  Lassen  counties,  com- 
prising more  than  5,334  square  miles  of  the  watershed. 

Fort  Bidwell  is  situated  outside  of  the  watershed,  on  the  east^ni 
slope  of  the  mountains  that  form  the  l30undary,  and  would  prob»b"y 
have  a  less  rainfall  than  Modoc  County.  The  record  was  kept  thep* 
for  a  period  of  twenty- two  years,  and  the  mean  rainfall  is  20.8  inch»^ 

The  average  rainfall  at  Red  Bluff  for  a  period  of  twenty-three  vejiri 
was  23.9  inches;  at  Rosewood,  for  a  period  of  six  years,  25.63;  at  Rei- 
ding,  for  twenty-four  years,  35.69  inches.  The  precipitation  at  the* 
three  latter  stations  was  taken  to  get  the  average  for  Sacrament'O  Val- 
ley for  the  years  1896-1899,  during  which  years  run-off  measurement 
were  made  at  Jellys  Ferry.  The  mean  rainfall  of  Pit  River  drainage 
area  (5,334  square  miles),  which  has  an  average  elevation  of  o.'»^' 
feet,  was  taken  to  bo  the  same  as  that  of  the  Sacramento  Basin  al>ivt 
Red  Bluff. 

The  average  rainfall  at  Delta  for  a  period  of  fourteen  years  wa» 
62.39  inches;  at  Dunsmuir,  for  ten  years,  57.16  inches;  at  Shasta,  fc* 
six  years,  53.26  inches;  at  Sisson,  for  ten  years,  32.75  inches.  Tli'' 
rainfall  at  these  four  stations  was  taken  to  obtain  the  mean  rainfiir 
for  the  mountainous  area  of  the  watershed  for  the  years  18(iG-180i». 

San  Mateo  Creek. — The  Spring  Valley  Water  Company's  record  of 
rainfall  and  run-off  from  the  watershed  of  San  Mateo  Creek  is  without 
doubt  the  oldest  record  in  the  State,  having  been  kept  for  thirty  years. 
In  the  table  given  on  page  390  of  Water-Supply  and  Irrigation  Papt-r 
No.  38  of  the  United  States  Geological  Survey,  no  allowance  has  liws 
made  for  evaporation  from  the  surface  of  the  reservoir;  20  per  cem 
has  here  been  added  to  the  run-off  as  calculated  from  those  tables  t' 
cover  evaporation.  The  drainage  basin  of  San  Mateo  Creek  ranges  it 
elevation  from  250  to  1,800  feet,  with  an  average  of  about  750  ft^. 
The  hills  are  undulating.  There  is  a  limited  growth  of  timber  on  tb*^ 
northern  slopes  near  the  summit,  but  a  large  amount  of  brush  oove^ 
other  portions  of  the  basin.  On  the  southern  slopes  and  crest  thr 
hills  are  frequently  bare  of  brush,  but  are  covered  with  grassei^. 

Salt  Springs  Valley  waterslied. — The  bavSin  of  Salt  Springs  Valli^y 
is  largely  of  red  clay,  which  scantily  covers  a  bed  rock  of  granite  an** 
slate.  The  topography  is  undulating  rather  than  mountainous,  alwr 
20  per  cent  of  the  total  drainage  area  being  valley  land.  There  :? 
little  brush  or  timber  in  the  valley,  and  only  a  scattered  gro^vth  of  oak 
and  scrubby  pine  on  the  hills.  To  obtain  the  mean  for  the  basin  \ 
per  cent  has  been  added  to  the  rainfall  for  North  Hill,  6  miles  north- 
west of  the  dam.  To  obtain  the  total  run-off  for  the  basin  4,132  acn- 
feet  have  been  added  to  the  amounts  given  in  the  table  on  pagi^  vr. 
Part  IV,  of  the  Eighteenth  Annual  Report  of  the  United  Statf- 
Geological  Survey,to  compensate  for  evaporation  from  the  reson^n^ 
surface. 

The  methods  of  measurement  of  discharge  from  the  reservoir  jin 
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very  crade,  and  this  may  partly  account  for  the  very  high  percentage 
3f  run-off  from  this  basin,  which  contains  25  square  miles. 

Stanislaus  River  Basin. — No  rainfall  data  were  obtained  for  this 
basin,  but  since  it  joins  the  Tuolumne  and  is  in  most  respects  similar 
to  that,  the  rainfall  for  Tuolumne  Basin  has  been  taken  to  apply  to 
both. 

Tiiolumiie  River  Bas^in. — To  obtain  the  mean  rainfall  for  this  basin 
the  average  elevations  and  the  areas  of  the  various  portions  were 
taken  from  the  topographic  maps  of  the  United  States  Geological 
Survey.  The  areas  were  obtained  by  the  use  of  a  planimeter.  La 
Grange  i^as  taken  as  the  base  station,  and  the  percentage  of  increase 
for  the  various  elevations  is  shown  by  the  diagram,  fig.  1.  The  fol- 
lowing example,  for  the  year  1896,  will  illustrate  more  particularly 
the  method: 

Table  of  estimated  rainfall ^  Tuolumne  River  Bcuiiti. 


Average 
elevation. 

Number  of 
nquare 
miles. 

Estimated 

rainfall, 

1806> 

Mile-inches. 

1,200 
1,500 
2,500 
3,500 
4,000 
4,500 
5,500 
6,000 
6,500 
7,500 
9,000 

75 

88 
182 

46 
105 
147 

90 
143 
105 
189 
330 

26.4 
29.0 
37.4 
45.8 
50.0 
54.2 
60.9 
63.3 
61.3 
57.3 
51.3 

1,980 
2,552 
6,807 
2, 107 
5,252 
7,967 
5, 481 
9,052 
6,437 
10, 830 
16, 927 

1,500 

75, 692 

!?54^  =  50.3  inches  mean  for  basin,  1896. 
1,500  ' 

Sa7t  Joaquin  and  King  river  basins. — There  were  practically  no 
rainfall  data  for  either  San  Joaquin  or  King  River  Basin. 

The  estimated  mean  rainfall  for  Tuolumne  River  Basin  for  the 
years  1806-1899  is  48.2  inches;  the  depth  of  mean  run-off  for  the 
same  period  is  20.8  inches;  the  depth  of  mean  run-off  for  San 
Joaquin  River  for  this  period  is  18.4  inches.  Since  the  topography, 
exposure,  etc.,  in  the  two  basins  are  similar,  the  rainfall  will  proba- 
bly be  proportional  to  the  run-off. 

Example,  20.8  :  18.4  :  :  48.2  :  42.7.  Similarly,  the  mean  rainfall  for 
Kinij  River  Basin  will  be  37.8  inches. 
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Mohave  River. — ^Tlie  meteorologic  and  hydrographie  work  of  the 
Arrowhead  Water  Company  has  been  carried  on  for  a  number  of  yeaisi 
at  the  head  of  Mohave  River.  Twenty-eight  rain  gage<s,  carefully 
located  at  elevations  of  from  2,100  to  7,200  feet,  have  been  maintained. 
The  measurements  of  run-off  from  several  tributaries  have  been  maclf 
over  weirs.  The  areas  of  the  basins  are  each  less  than  50  square  miles. 
The  watcrslied  is  covered  with  a  thick  growth  of  timber  on  the  crest. 
The  growth  of  timber  diminishes  as  the  desert  is  approached,  the 
northern  part  of  the  watershed  being  covered  with  brush  only.  The 
mean  elevation  of  the  watershed  above  sea  level  is  about   5,250  feeL 

Cuyainaca  reservoir  watershed — The  area  of  this  watershed  is  11 
square  miles  and  the  mean  elevation  above  sea-level  is  probably  5,.V»' 
feet. 

The  run-off  is  carefully  measured.  There  is  only  one  rain  ga^ 
maintained,  and  that  is  at  the  dam.  The  resident  engineer,  Mr.  F.  ?^. 
Hyde,  says  that  as  this  rain  gage  is  located  between  two  high  w<xKi»-»i 
peaks,  which  act  as  condensers  of  the  moisture-laden  clouds,  the 
recorded  precipitation  is  undoubtedly  heavier  than  the  average  of  the 
watershed.  This  probably  explains  why  the  mean  annual  run-off  is 
so  far  below  the  general  curve. 

Sweetwater  reservoir  basin — The  evaporation  and  run-off  recc»nb 
from  this  basin  date  from  1888,  and  have  been  very  carefully  kept. 

There  is  no  doubt  that  many  of  the  points  on  the  curves  (fig.  f ) 
would  be  changed  if  we  had  more  definite  information  as  to  the  rain- 
fall, but  the  curves  are  the  best  that  could  be  made  from  the  infor- 
mation at  hand.  The  mean  discharge  for  the  period  of  observation 
on  each  stream  is  used,  together  with  the  mean  rainfall  for  the  sanie 
years.  These  means  are  considered  the  more  satisfactory,  a^^  they 
tend  to  eliminate  erratic  stream  and  rainfall  records. 

EVAPORATION. 

LAKE  TAHOE. 

On  May  17,  1000,  a  galvanized-iron  tank,  2  feet  square  and  2  fe^-t 
deep,  was  placed  in  Lake  Tahoe  at  its  outlet,  where  it  would  l»e  pr««- 
tected  from  the  heavy  waves  of  the  lake,  for  the  purpose  of  measur- 
ing the  evaporation  from  the  lake  surface.  A  finely  divided  scale  wa^ 
placed  in  this  tank,  and  daily  readings  taken  at  about  the  same  honr 
of  each  day  by  Mr.  J.  U.  Haley,  general  freight  and  passenger  agent  •»! 
the  Lake  Tahoe  Railway  and  Transportation  Company.  The  tank  v»> 
at  all  times  kept  full  to, within  1  or  2  inches  of  the  top,  and  vras  floauv! 
by  means  of  a  timber  frame,  which  also  served  as  a  protection  fn>it 
waves  and  drift,  so  that  the  water  level  inside  and  outside  was  abon' 
the  same.  The  depth  of  water  in  which  the  tank  was  anchored  wa> 
about  6  feet,  and  the  water  in  the  tank  was  fully  exposed  to  wind  ai^i  1 
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snn.     The  following  table  shows  the  monthly  evaporation  from  May 
17  to  November  30. « 

Evaporation  at  Lake  Tahoe,  as  measured  in  tank  in  lake  at  Tahoe  City. 


Date. 


1900. 
May  17  to  31.. 

Jnne 

Jtdy 

August 

September . .  _ 

October 

November. 

Total-  


Depth  in 
inches. 


1.83 
3.80 
4.00 
5.15 
3.10 
2.15 
1.88 

21.41 


While  it  is  possible  that  the  evaporation  from  the  lake  surface  was 
somewhat  greater  than  from  the  tank,  owing  to  its  greater  roughness 
and  consequent  greater  surface,  relatively,  in  contact  with  the  air 
during  high  winds,  it  is  believed  that  the  results  here  given  are  as 
near  to  the  truth  as  it  is  possible  to  attain,  and  that  they  represent 
very  closely  the  loss  of  water  which  may  be  expected  from  evapora- 
tion from  natural  lakes  or  storage  reservoirs  situated  at  about  6,000 
feet  altitude  in  this  portion  of  the  Sierras  during  the  period  over 
which  the  record  extends. 

RENO,  NEV. 

During  the  year  1894,  from  May  11  to  November  30,  a  series  of 
observations  were  made  at  Reno,  Nev.,  with  /t  view  to  determining 
ai>proximately  the  depth  of  evaporation  at  that  point.  For  this  pur- 
pose a  small  galvanized-iron  tank,  18  inches  square  and  18  inches 
deep,  was  sunk  in  the  ground  until  the  rim  was  but  half  an  inch 
above  the  surface.  This  was  kept  filled  to  within  less  than  1  inch  of 
the  top  at  all  times  and  was  so  placed  that  it  was  fully  exposed  to 
the  sun  and  wind.  The  earth  immediately  around  the  tank  was  kept 
wet.  The  results,  while  not  absolutely  reliable  as  an  index  to  the 
actual  evaporation  from  a  lake  reservoir  or  canal  surface,  are  believed 
to  be  a  fairly  close  approximation  to  what  would  occur  from  such  a 
surface  at  Reno,  and  since  the  conditions  influencing  evaporation — 
tcmi>erature,  humidity  of  atmosphere,  winds,  etc. — over  the  lower  por- 
tion of  the  Truckee  River  Basin  are  nearly  identical  with  those  at 
Reno,  they  should  be  roughly  applicable  to  other  points  in  that  por- 
tion of  the  basin. 

aTw^ylor,  H.  L.,  Water  storage  in  the  Trackee  Basin:  Water-Sup.  and  Irr.  Paper  No.  B8,  U.  S. 
aeol.  Surrey,  1908. 
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May  11  to  81 

June 

July- 


Angnst  . .  - 
September  . 

October 

November  . 

Total 


Evaporation  from  tank  in  earth  at  RenOy  Nev. 


Date. 


1894. 


Depth  t£ 

inchss. 


2.  ^» 

9.1J 
7.44 
431 

2.rs  I 


44).  Se 


SWEETWATER    RESERVOIR. 

The  following  table  shows  the  ainormt  of  eyax>oration,  wind  move- 
ment, humidity,  and  temperature  at  Sweetwater  reservoir  for  a  serie> 
of  years: 

Aniiual  evaporation,  temperature^  etc,  in  Sweettoater  Basin,  San  LH^yo  County. 

[Elevation  of  reservoirf  250  feet] 


Period. 


1889-90. 
1890-91 . 
1891-92. 
1892-98. 
1893-94. 
1894-95. 
1895-96. 
1896-97. 
1897-98. 
1898-99. 


Evaporation. 


Inches. 
56.47 
57.54 
58.65 
49.60 
48.68 
46.31 
45.18 
«41.24 
61.93 
2»32.54 


Wind. 


Miles  per  hour. 
4.9 
4.6 
4.8 
4.9 
5.1 
5.2 
5.2 
5.3 
5.9 
5.8 


Humidity. 


Percent. 


j 

Temper-    j     J^^' 
atnre  of  air. '     *!?5^'^ 


72 
68 
70 
79 
71 
76 
73 
72 


61 

61 

60 

59 

61   i 

61 

60 

59 


67 

67 


a  Evaporation  January  1  to  August  31. 


^Evaparation  September  1  to  April  SU. 


KERN  AND  TULARE  COUNTIES,  a 

To  ascertain  the  amount  of  evaporation  from  exposed  sarfaoes  »»t 
water,  experiments  have  been  made  in  Kern  County  at  various  poinK 
and  in  Tulare  Countj^  at  Kingsburg. 

The  experiments  in  Kern  County  commenced  in  the  latter  part  ot 

flAuthority,  Physical  Data  and  Statistics  of  CSalifomia. 
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June,  1879,  and  wei*e  continued  at  several  localities  through  July, 
Aug:ust,  and  September,  the  three  hottest  months  of  the  year.  Sulv 
sequently  observations  were  made  until  December  20,  1879,  at  Rio 
Bravo  ranch,  about  10  miles  east  of  Bakersfield.  The  experiments  at 
Kingsburg,  Tulai'e  County,  commenced  on  November  1,  1881,  and 
were  continued  to  November  1,  1885. 

In  making  the  Kern  County  experiments  pans  of  galvanized  iron 

2  feet  square  and  1  foot  deep  were  used,  some  of  the  observations 
being  made  in  pans  floated  in  large  bodies  of  water,  and  others  in 
pans  set  in  open  ground,  as  will  be  explained  more  fully  for  each  of 
the  records. 

The  pans  used  in  making  the  later  observations  at  Kingsburg  were 

3  feet  square  and  15  inches  deep.  The  water  surface  was  maintained 
about.  5  inches  below  the  rim  of  the  pan. 

The  amount  of  water  required  from  time  to  time  to  maintain  its 
surface  in  the  pans  at  a  fixed  height  was  measured  in  standard  cups 
prepared  for  the  purpose  and  graduated  to  represent  depth  of  water 
in  the  pan  for  which  they  were  used. 

When  floated  in  a  lake  or  river  the  pans  were  protected  from  the 
splash  of  waves.  The  contrivance  used  in  King  River,  at  Kings- 
burg, for  this  purpose  was  a  large  wooden  frame,  into  which  the  pan 
was  fitted  so  as  to  float  horizontally,  but  not  be  protected  from  the 
sun  or  movement  of  the  air. 

Observers  at  Kingsburg  were  instructed,  among  other  things — 

To  fill  the  pan  to  the  normal  plane  once  every  day  during  the 
summer  months;  less  frequently  at  other  seasons  of  the  year. 

To  take  an  observation  at  the  commencement  of  every  fall  of  rain, 
and  to  restore  the  water  surface  to  the  normal  plane  at  the  end  of 
every  fall  of  rain. 

To  keep  a  daily  record  of  the  temperature  of  the  air,  of  the  water 
in  the  pan,  and  of  the  water  surrounding  the  pan. 

To  keep  a  rainfall  record. 

The  earlier  observations  made  in  Kern  County  were  conducted  less 
systematically,  but  still  with  suflftcient  <»are  and  thoroughness  to 
serve  a  good  purpose. 

The  results  of  the  observations  made  in  Kern  County  are  embodied 
in  Tables  No.  1  to  6,  which  are  a  rearrangement  of  data  published 
by  the  State  engineering  department  in  the  report  of  1880. 

In  Table  No.  1  are  given  the  results  of  the  experiment  made  in 
Reeder  Lake,  which  is  a  narrow  body  of  water,  12  to  15  feet  deep,  sur- 
rounded by  large  cotton  wood  trees  and  willows.  The  pan  was  placed 
in  a  shallow  arm  of  the  lake,  fully  exi)osed  to  the  sun,  but  protected 

from  the  wind. 

Panama  Slough  (see  Table  No.  2)  was  selected  for  another  set  of 
observations.  The  pan  was  placed  in  running  water  10  feet  deep, 
showing  a  much  lower  temperature  than  Reeder  Lake.  It  was  fully 
exposed  to  the  sun,  but  protected  from  the  wind. 
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The  pan  in  the  center  of  Kern  Lake  (Table  No.  3)  was  aljout  2  miles^ 
from  shore,  in  5  feet  of  water.  On  September  5,  13,  and  29  the  wind 
was  northwest;  on  September  19  it  was  southwest. 

Tlie  pan  near  the  shore  of  Kern  Lake  (Table  No.  4)  vras  placed  on 
the  northeast  side  of  the  lake,  in  about  2  feet  of  water. 

In  Tables  No.  5  and  6  are  given  the  results  of  observations  made 
at  the  Rio  Bravo  ranch,  3  miles  beldw  the  mouth  of  Kem  River 
Canyon.  The  pan  in  Kern  River  was  freely  exposed  to  sun  and  wind, 
but  was  immersed  in  water  to  within  2  inches  of  its  top.  The  pan 
placed  on  top  of  the  ground  was  free  to  the  action  of  all  elements, 
producing  extreme  evaporation. 

In  Tables  No.  7  to  11  are  presented,  in  condensed  form,  the  results 
of  observations  covering  a  period  of  four  years.  The  total  depth  of 
water  evaporated  during  each  month,  each  period  of  three  niODths, 
and  each  year  is  given  in  a  separate  table  for  each  of  the  four  years. 
The  tables  contain  also  the  averages  of  daily  t^mjjerature  reeords. 

Table  No.  11  is  one  of  averages,  in  which  columns  are  added,  show- 
ing the  rate  of  evaporation  per  twenty-four  hours,  and  the  amount 
evaporated  i^er  second  per  square  mile,  during  the  different  time 
periods. 

The  pan  in  the  air  referred  to  in  the  Kingsburg  tables  was,  after  the 
firat  three  months,  set  into  the  ground,  earth  being  banked  up  around 
its  sides  to  the  same  elevation  as  the  water  in  it.  Its  surface  was  fully 
exposed  to  sun  and  wind.  During  November  and  December,  1881, 
and  January,  1882,  this  pan  was  on  the  railroad  bridge,  exposed  on 
all  sides  to  sun  and  air. 

Kvaporntion  at  Heiteral  points  in  Kem  County,  June  to  Deceinb^^^  lJi79. 

Tablk  No.  1.— Pan  in  Rkbdkk  LiAkr. 


I>at«*. 


1879. 

June  23 

June  28  to  25 . . 
June  25  to  28  . . 


Time  of  day. 


- 1 


9.55  a.  in  . . 
6.25  a.  m .. 
7.50  p.  m.- 


June  28  to  30 5  p.  m 


June  30  to  July  5 . 
July  5  to  8 

June  23  to 
Julys. 


4.50  p.  m 
5  p.  m 


Temperature  (degrees  P.). 


Water  in 
pan. 


Water 
surround- 
ing pan. 


83 
81 
82 
87 
92 


Air. 


92 
90 
79 
73 

77 


Eva^po- 

ration 

(depth  in 

feet). 


Evapora-  Evapoir*. 
tion  per       ^°  Jl, 

(depth  inl«'»*«*^'^^ 


feet>. 


per^uajv 
mue. 


0.040 
.068 
.035 
.096 

«.072 


.311 


0.0168 
.  0222 
.0187 
.0192 

«.024O 

.0203 


5.45 

6.04 

6.^> 

«  7. 74 

6,o6 


a  Water  fell,  leaving  the  pan  at  the  top  6  inches  above  water  surface. 
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Kv<i2H>ration  at  8er>eral  points  in  Kern  County^  June  to  December,  7^7.9— Cont'd. 

TABL.K  No.  2.— Pan  in  Panama  8i>ouuh. 


Date. 


Time  of  day. 


1879. 

July  9 12.30  p.  in 

July  9  to  11 [  6.20p.  m- 

Jnlyllto21 9a.  m 

July  21  to  24 .  6.50  p.  m  _ 

July  24  to  29 !  6.15  p.  m  . 


Temperatnre  (degrees  F.). 


Water  in 
pan. 


Water 
surround- 
ing pan. 


Air. 


Evapo- 

ratiion 

(depth  in 

feet). 


72  ! 


76 


0.030 


July    29    to    Au- 
gust 5. 

August  5  to  13 

Auf2rn»t  13  to  20... 

July  9  to 
Angrnst  20. 


7  p.  m.    - 

7  a.  m... 
6.45  a.  in 


88 
88 

76 

71 

79 

1  ^ 

92 

72 

74 

76 

64 

67 

68 

1 
1 



._....! 

.084 


«.490 


Eyapora- 
tionper 
24  hours 

(depth  in 
feet). 


Eyapora- 

tion  in 

cubic  feet 

persecond 

persquare 

mile. 


0120 


«.0116 


s.s: 


«  3. 74 


n  Approximate. 
Tablr  No.  8.— Pan  in  Ckntbk  ok  Kkkn  Lakk. 


1879. 

AuK^st  30 

August  30  to  Sep- 
tember 5. 

10.40  a.  m 

88 

86 

90 

11.30  a.  m. 

89 

81 

90 

0. 105 

0. 0175 

5.63 

September  i)  to  13. 

12.30  p.  m . 

86 

86 

118 

.096 

.0119 

3.90 

Septeml)erl3tol9 

12.05  p.  m . 

86 

86  1 

120 

.  150 

.0250 

8.08 

September  19  to  29 

12.10  p.  m. 

78 

78 

88 

.180 
.  531 

.0180 

4.80 

Augnnt    30 
to  Se  p- 
tember  29. 

.0173 

5. 70 

TABL.K  No.  4.- 

-Pan  nka 

It  HHOKK  4 

>r  Kgr 

N  Lake. 

1879. 

Auirust  14_ 

10.40  a.  m . 

Augrustl4to30... 

10.40  a.  m . 

88 

86 

90 

0.480 

0.0300 

9.67 

August  30  to  Sep- 
tember 5. 

11.10  a.  m. 

79 

83 

90 

.201 

.0334 

9.81 

September  5  to  13. 

12  m 

88 

90 

118 

.195 

.0242 

7.81 

September  13  to  19 

12m 

81 

89 

120 

.156 

.0259 

8.36 

September  19  to  29 

12m 

76 

1 

80 

1 

88 

1 

.189 

.0190 
.0265 

1 

6.13 

August   14  to 
September  29. 

1.221 

8.55 

1 
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EvajMrafion  at  several  j)ointH  in  Kern  County ,  June  to  December^  IS7U — Cont'd. 
Tahi^k  No.  5.— Pan  in  Kkrn  Rivkk  at  thb  Rio  Bravo  Ranch. 


Dat«>. 


1879. 

October2 

October  2  toll ... 

October  11  to  18.. 

October  18  to  25  . . 

October  25  to  No- 
vember 1. 

November  1  to  8.  _ 

November  8  to  15. 

November  15  to  22 

November  22  to  29 

November   29  to 
December  6. 

December  6  to  13  . 

December  13  to  20. 

October    2    to 
December  20. 


Temperature  (degrees  P.). 


Time  of  day. 


Water  in 
pan. 


Water 
surround- 
ing pan. 


Evapo- 
ration 
(depth  in 
feet>. 


4  p.  m. 
4  p.  m. 
4  p.  m. 
4  p.  m. 

4  p.  m. 
4  p.  m. 
4  p.  m. 
4  p.  m. 
4  p.  m. 

4  p.  m. 
4  p.  m. 


I 


Evapora- 
tion per 
24  hours 
(depth  in 
feet>. 


Evapi>rm- 

tionin 
cubic  ft»-T 

porsaroTnl 
persqnaiv 
mik*. 


66 
68 
68 
62 

56 
54 
53  ; 

52  I 

50 
52 


64 
66 
66 
61 

55 
56 
54 
53 
52 

50 
52 


74 
84 
78 
67 

68 
62 
64 
68 
54 

54 
54 


0.104     0.0116 


.052 
.052 


.0074   I 
.0074 


.045        .0064 


.030 
.080 
.080 

.030 

.aso 


.0048 
.0048 
.0048 

.0048 
.004^ 


•J  — J 


2.:^ 
2.*{ 

2.»Jfi 
l.-> 
l.> 


«.  408      «.  Oa52 


«1.6T 


a  Approximate. 


Tabi^k  No.  6.— Pan  <in  open  ground  at  th«  Rio  Bravo  Ranch. 


1879. 

October2 

7  a.  m 

October  2  to  3 

1  p.  m 

October  3  to  11  _.. 

4  I),  m 

October  11  tol8  .. 

4  p.  m 

October  18  to  25  . 

4  p.  m 

October  25  to  No- 
vember 1. 

4  p.  m 

November  1  to  8. . 

November  8  to  15. 

November  15  to  22 

November  22  to  29 

November   29  to 
December  6. 

December  6  to  13  . 

December  13  to  20. 

October    2    to 
December  20. 


4  p.  m. 
4  p.  m. 
4  p.  m. 
4  1^.  m. 
4  p.  m. 

4  p.  m. 
4  p.  m. 


68 
68 

80 
78 
70 

58 
65 
64 
62 

58 

55 

IV  to' 


94 
74 
84 

78  I 

67  I 

63  I 
62 

64  : 

68  j 
54 

54 
54 


0.037 

0.0292  ; 

9.4H 

.148 

.0180  : 

5.  *«i 

.071 

.0101  : 

3.  i". 

.147 

.0210 

6.:k 

.148 

.0211 

6.:s* 

.113 

.0176 

3.4« 

.080 

.004,3 

l.> 

.070 

.0100 

3.ee 

.052 

.0074 

2.:> 

.015 

.0021 

.6"< 

.037 

.0053 

1.71 

.037 

.oa>3 

1.71 

.906 


.0115 


3. 7" 
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Evaporation  od  King^mrg  fridge,  Ki^vg  River, 

TABL.B  No.  7.— NOVBMBKK  1,  1881,  TO  OCTOBJCR  31,  1882. 

[Elevation  297  feet.] 


Date. 


1881. 
NoTember  . 
Deoeanber.- 


1882. 
January  _.. 
February  ._ 

March 

April 

May 

June 

July 

Aug^ust 

September  _ 
October 


November  to  Jan- 
uary.« 

February  to  April  *> 

May  to  July  <" 


August  to  Octo- 
ber.'^ 

Total,  No- 
vember to 
October. 


Time  of  day. 


4.30  p.  m 
4.S0  p.  m 

4.30  p.  m 

5  p.  m... 
5.15  p. m 
5.15  p.  m 
5.45  p.  m 
6.30  p.  m 
6.30  p.  m 
6p.  m 

6  a.  m 

10  a.  m.. 


Tempera- 
ture of 
air. 


Pan  in  river. 


Tempera- 
tore  of 
water  in 
river. 


66 
55 

54 
56 
64 
73 

84 
88 
98 
96 
81 
68 


56 
52 

52 
55 
60 
63 
63 
67 
80 
84 
73 
63 


Tern 

pera- 

ture  of 

water 

in  pan. 


55 
52 

50 
54 
59 
62 
63 
68 
81 
85 
73 
63 


Evapora 

tion 
(depth  in 

feet). 


0.220 
.050 

.090 
.115 
.180 
.260 
.305 
.475 
.660 
.665 
.475 
.135 


.360 

.555 
1.440 
1.275 


3.630 


Pan  in  air. 


Tempera- 
ture of 
water  in 
pan. 


60 
55 

53 
56 
66 
72 

77 
83 
91 
85 
75 
60 


Evapora- 
tion 

(depth  in 
feet). 


0.S85 
.120 

.200 
.105 
.265 
.485 
.835 
.940 
1.075 
.875 
.575 
.195 

.655 

.805 
2.850 
1.645 


5. 955 


a  First  period. 


i>  Second  period. 


<?  Third  period. 


d  Fourth  period. 
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Evaporation  at  Kingtburg  Bridge,  Kimg  River — Continned. 
Table  No.  8.— Novibmbibk  J,  1882,  to  0<7T0BER  31, 1883. 


Date. 


1882. 

November 

December 

1883. 

January  

February  _ 

March _ . 

April 

May 

June 

July _ 

August 

September 

October 

November  to  Jan- 
uary.« 

February  to  April  * 

May  to  July  ^ 

August  to  Octo- 
ber.'^ 

Total,  No- 
vember to 
October. 


Time  of  day. 


0  a.  m. 
Oa.  m. 

0  a.  m. 
0  a.  m. 
0a.m. 
Oa.  m. 
Oa.  m. 
Oa.  m. 
Oa.  m. 
0  a.  m. 
Oa.  m 
0  a.  m. 

Oa.  m. 

Oa.  m. 
Oa.  m. 
Oa.  m. 


10  a.  m. 


Tempera 

tnre  of 

air. 


53 
51 

43 
54 
69 
67 
76 
93 
96 
98 
88 
69 


Pan  in  river. 


49 

63 

88 
83 


71 


Temimra- 

tore  of 

water  in 

river. 

Tem- 
pera- 
ture of 
water 
in  pan. 

52 

52 

50 

50 

44 

43 

50 

49 

68 

62 

61 

62 

61 

63 

68 

71 

82 

84 

82 

83 

78 

79 

62 

62 

49 

48 

58 

58 

70 

78 

74 

75 

63 

64 

Pan  in  air. 


Evapora-Tempera-  Evapora- 
tion     ;  tnre  of  tion 

(depth  in  '  water  in  <'depth  in 
feet).  pan.  fwti. 


0.115 
.085 

.060 
.100 
.305 
.270 
.160 
.500 
.760 
.920 
.730 
.400 


.260 

.675 
1.420 
2.a50 


4.405 


49 
46 

41 
52 
60 
61 
67 
77 
78 
75 
73 
57 


45 

58 

74 
68 


61 


O.IOO 
.090 

.040 

.070 

.310 

.2<» 

.310 

.^ 
.970 

.970 
.7ai 
.390 


.2^0 

.610 
2.130 
1.965 


4.96o 


a  First  period. 


b  Second  period. 


e  Third  period. 


(i  Fourtii  period. 
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Evaporation  at  Kijigsburg  Bridge,  King  River — Continued. 

TABL.JB  No.  9.— NOVJBMBEB  1, 1883,  TO  OCTOBER  31, 1884. 


Date. 


1883. 

November 

December 

1884. 

January 

February 

March 

April — 

May 

Jtme 

July 

August 

September 

October  _ 

November  to  Jan- 
uarys   

February  to  April  ^ 

May  to  July<^ 

August    to  Octo- 
ber^'  - 

Total,  No- 
vember to 
October  _ . 


Time  of  day. 


Tempera- 
tare  of 
air. 


10  a.  m. 
10  a.  m 


9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 


9  a.  m. 
9  a.  m. 
9  a.  m. 


59 
49 

47 
52 
61 
67 
76 
77 
83 
78 
75 
68 


60 
79 

74 


Pan  in  river. 


Tempera- 
ture of 

water  in 
river. 


55 

48 

48 
52 
56 
60 
59 
57 
61 
64 
63 
62 


56 
59 
63 


Tem- 
pera- 
ture of 
water 
in  pan. 


54 
47 

48 
52 
57 
61 
61 
60 
63 


68 
63 


57 
61 
64 


Evapora- 
tion 

(depth  in 
feet). 


0.17Q 
.080 

A06 
.050 
.090 
.160 
.820 
.295 
.380 
.370 
.820 
.350 


.355 

.300 

.995 

1.040 


2.690 


Pam 

in  air. 

Tempera- 
ture of 
water  in 
pan. 

Evapora- 
tion 

(depth  in 
feet). 

52 

0.140 

44 

.065 

44 

.075 

49 

.060 

57 

.105 

61 

.180 

69 

.400 

61 

.505 

73 

.670 

69 

.670 

64 

.520 

60 

.310 

.280 

56 

.345 

68 

1.575 

64 

1.500 

3.700 

a  First  period. 


b  Second  period. 


o  Third  period. 


d  Fourth  period. 
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Evaporaiimt  at  Kinff^burg  Bridge^  King  River^-Coatitaied, 
Tablb  No.  101— NoTnimB  1,  vm^  to  OrioimR^,  MK. 


Dato. 


Time  of  day. 


1884. 
November 
December . 


1885. 
January  _ . . 
February  .. 


0  a.  m. 
9  a.  m. 

9  a.  m. 
9  a.  m. 


March  _ I  9  a.  m 


April 

May 

June _ 

Jnly 

August  --. 
September 
October  ... 


November  to  Jan- 
uary." 

February  to  April  ^ 

May  to  July  <= 

August  to  Octo- 
ber. <^ 


Total,  No- 
vember 
to  Octo- 
ber. 

"First  i)©riod. 


9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a.  m. 
9  a,  m. 

9  a.  m. 


9  a.  m. 
9  a.  m.. 
9  a.  m.. 

9  a.  m.. 


Pan  in  river. 


Tempera- 
ture of 
air. 


Tempera-   ^^ 
tureof  !tS^^, 
water  in  ^^«  «/ 


58 
50 

48 
54 
65 
68 


75 


77 
84 
86 
79 
71 


52 

62 
79 


79 


63 


58 
48 

50 
53 
60 
62 
63 
65 
72 
72 
74 
67 


52 

58 
67 
71 


62 


Bvapora 

tion 
(depth  in 

feet). 


in  air. 


Tempera- 
ture of 
water  in 
pan. 


tion 
(depth  in 
feet  I. 


57 
47 


49 
53 
60 
63 
65 
68 
74 
72 
74 
66 


0.200 
.180 

.010 
.140 
.240 
.160 
.340 
,660 
.710 
.930 
.640 
.470 


51 

60 
69 


.390 

.540 
1.710 


71  I    2.040 


63 


4.680 


55 

48 


51  ! 

59' 

63 

68 

71 

74 


72 


71 
63 


50 

58 
71 
69 


62 


0. 12t) 
.140 

.010 
.VSh 
.220 

.270 
.660 
.  810 

,9ijn 

.9:W 
.661) 


.270 

.62»» 
2.  :J:(» 
1.9L10 

5.21»> 


f*  Second  period. 


c  Third  period. 


d  Fourth  period. 
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Evaporation  at  Kingaburg  Bridge^  King  River — Continued. 

Table  No.  11.— November  1, 1881,  to  October  31, 1885. 

[Averag:e  for  four  years.] 


Pan  in  river. 


Date. 


November 

December 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November  to 
January  « 

February  to 
April'' 

May  to  July  ^'  . 

AuKQst  to  Octo- 
berrf 

Total  No- 
V  ember 
to  Octo- 
ber   


Evapora- 
tion (depth 
in  feet). 


0.176 
.099 
.066 
.101 
.204 
.213 
.281 
.483 
.628 
.721 
.541 
.339 


.341 

.518 
1.391 

1.601 


3.851 


Evapora- 
tion per 
24  hours 
(depth  in 

feet). 


0.0059 
.0032 
.0021 
.0036 
.0066 
.0071 
.0091 
.0161 
.0203 
.0233 
.0180 
.0109 


.0037 

.0058 
.0151 

.0174 


.0106 


Evapora- 
tion in 
cubic  feet 
per  second 
i;)er  square 
mile. 


1.89 
1.03 
.69 
1.16 
2.12 
2.29 
2.93 
5.20 
6.54 
7.51 
5.82 
3.53 


1.20 

1.88 
4.88 

5.61 


3.40 


£vapoi*a- 

tion  (depth 

in  feet). 


.359 


2.231 


1.765 


4.958 


Pan  in  air. 


0.174 
.104 
.081 
.091 
.225 
.286 
.551 
.776 
.904 
.861 
.615 
.289 


Evapora- 
tion per 
24  hours 
(depth  in 
feet). 


0.0058 
.0034 
.0026 
.0033 
.0073 
.0095 
.0178 
.0259 
.0292 
.0278 
.0205  I 
.0093  ! 


Evapora- 
tion in 
cubic  feet 
per  second 
X>er  square 
mile. 


1.87 
1.08 
.84 
1.05 
2.34 
3.08 
5.74 
8.36 
9.41 
8.96 
6.62 
3.01 


.0039 


.  603  .  0068 


.0243 


.0192 


.0136 


1.26 

2.19 

7.83 

6.19 


4.38 


a  First  period. 


6  Second  period. 


c  Third  period. 


d  Fourth  period. 


CLEAR  LAKE,  LAKEPORT,  CAL. 

Evaporation  records  have  been  kept  by  the  United  States  Geologi- 
cal Survey  at  Lakeport,  Cal.,  on  Clear  Lake,  since  February  1,  1901. 
The  evaporation  pan  is  3  feet  square  and  1.5  feet  deep,  and  is  floated 
on  a  triangular  raft  anchored  in  a  cove  where  it  is  not  exposed  to  the 
full  force  of  the  wind.     Evaporation  observations  were  begun  on  the 
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land  at  the  same  poiut  September  15,  1901.     Capt.  D.  C.  Rumaey  is 
the  observer.     Tlie  following  table  gives  the  evaporation  by  monthh: 

Evaporation  record  of  Clear  Lake^  Lakeport,  Cal. 


1901. 


Jannary  _. 
February  . 

March 

April 

May 

Jtme  - 

July 

August  ... 
September 
October . . . 
November 
December - 


Total  for  period 
of  observa- 
tions. 


Lake. 


Land. 


i9oe. 


Liake. 


Lan<L 


*'  0. 85 
.95 
2.40 
3.05 
3.70 
3.95 
5.15 
5.00 


!l 


3.35 

M.60 

2.30 

2.45 

.85 

1.05  1 

1.30 

.95 

32.85 

6.05  1 

1 

January  . . 
Februiry  . 

March 

April 

May 

June  _ . . . . 

July 

August . . . 
September 
October... 
November 
December. 


Total  for  period 
of  observa- 
tions. 


.35 
1.60 
2.60 
4.00 
4.65 
6.65 
4.40 
4.10 
1.95 
.45 
.40 

31.90 


0-  ^'} 

.»> 

1.55 

2.:i> 

3.70 

5. 15 

7.40 

4,K 

4.411 

l.Ha 

.45 

.45 

33.40 


a  Estimated. 


b  September  1.5-20  only. 


DISCHARGE   TABIiES. 

■ 

The  following  t-ables,  showing  measurements  of  the  discharge  of 
California  streams,  are  arranged  alphabetically  under  the  names  of 
the  streams  considered. 

AQUILAR   CREEK. 
Discharge  meusurenient  of  Aguilar  Creek. 


Date. 


Aug.  — ,  1899. 


Hydrogn^phei*. 


G.  F.  Wright 


Dis- 
charge. 


Locality. 


Sec.'ft. 

.  12     Santa  Barbara  Cotintv 


ALAMEDA   CREEK. 

Alameda  Creek,  in  Alameda  County,  Cal.,  flows  westerly'-  into  San 
Francisco  Bay.  The  stream  passes  through  narrows  at  Niles,  where 
a  weir  dam  known  as  the  Niles  dam  is  situated,  and  below  this  point 
spreads  over  certain  absorbent  gravel  beds,  at  the  lower  end  of  which 
wells  supplying  considerable  volumes  of  water  are  locat^ed.  In  the 
crest  of  the  Niles  dam  is  a  rectangular  weir  opening.  The  len^h  of 
this  weir  can  be  adjusted  by  inserting  flash  boards  or  planks.  When 
the  water  reaches  high  stages  it  fills  the  rectangular  weir  opening 
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and  flows  over  the  top  of  the  walls  of  the  dam  on  the  side,  so  that 
the  large  flood  measurements  that  have  been  computed  contain  con- 
siderable elements  of  error.  The  measurements  of  smaller  volumes, 
however,  are  doubtless  more  accurate.  The  Spring  Valley  Water 
Company,  of  San  Francisco,  has  a  pumping  station  which  is  supplied 
from  an  intake  above  the  Niles  dam,  so  that  the  amount  of  water 
pumped,  as  given  in  the  following  tables,  should  be  added  to  the 
amount  of  water  passing  over  the  weir,  in  order  to  get  total  discharge. 

During  a  term  of  years  the  Spring  Valley  Water  Company  kept 
observations  at  this  weir  dam  of  the  height  of  water  on  the  weir 
and  the  length  of  weir,  and  also  of  the  amount  of  water  pumped. 
These  data  were  presented  as  Exhibit  11  in  a  certain  suit  entitled 
"  Clough  V.  Crystal  Springs  Water  Company  of  San  Francisco. "involv- 
ing water  rights  to  Alameda  Creek,  tried  in  the  Alameda  County 
superior  court  in  the  fall  of  1901. 

The  record  is  not  entirely  complete,  but  the  available  data  were 
assembled  and  computations  of  discharge  were  made  by  this  office, 
and  average  monthly  flow  is  given  in  the  following  tables.  In  some 
instances  uncertainty  exists  as  to  the  proper  length  of  weir.  This 
matter  has  been  taken  up,  however,  with  the  Spring  Valley  Water 
Company,  and  all  corrections  have  been  made  for  which  the  data  are 
available.  While  the  record  is  not  considered  perfect,  it  is  the  best 
obtainable,  and  in  view  of  the  extent  of  the  data  it  is  deemed  to  be 
worthy  of  publication. 

Discharge  mecuturementH  of  Alameda  Creek,  Alavieda  County, 


Date. 


UQCa 
XJCCm 

Jan. 
Jan. 
Jan. 

UCCm 

Jan. 
Jan. 
Jan. 


fiydrographer. 


Difl- 
c'harge. 


Locality, 


do 


18, 1896 
19, 1896 

20.1896  I do 

11.1897    do 


Sec.-ft. 

W.W.  Brier I    38.68 


12, 1897 
18, 1897 
18, 1896 

19. 1896 
20,1896 
11,1897 

12. 1897 
18,1897 


do 

do - 

do 

do 

do 

do  -- - 

do 

do '--.-'    34.04 


32.49 
30.94 
63.44 
57. 25 
51.06 
7.74 
6.19 

.    I   t 

44.87 
40. 23 


Niles  dam. 

Do. 

Do. 

Do. 

Do. 

Do. 
3  miles  below  Niles. 

Do. 

Do. 

Do. 

Do. 

Do. 


IRK  81—03 3 
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Estimated  monthly  discharge  of  Alameda  Creek  at  Niles  dam. 


Month. 


January... 
Pebmary  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December . 


1889. 


The  year 


1890. 


January . . . 
February  . 

March 

April 

May  -^ 

June 

July 

August  ... 
September 
October . . . 
November 
December 


The  year 


Discharge  over  weir. 


Maximmn.    Minimum. 


Second-feet.  Second-feet. 


2,577 


7,792 

2,813 

1.353 

412 

253 

88 

47 

22 

38 

28 

22 

298 


Mean. 


412 

237 

324 

176 

82 

41 

22 

16 

16 

16 

16 

31 


996 


1,664 

1,007 

646 

242 

144 

62 

31 

20 

17 

17 

19 

49 

326.5 


Qiuntity 
of  WBter 
pumped. 


Second-feet.'  Stx.-frtl. 


1-2 
II 
8 
13 
M 
12 
11 


8 
4 

9.25 


i 

\% 
13 
12 
12 
1« 

5.: 


L.1PPIMCOTT.] 


ALAMEDA    OBEEK. 


35 


EstimcUed  monthly  discharge  of  Alameda  Creek  at  Niles  dam — Continned. 


Month. 


1891. 


J&ntiary-  _ . 
February  . 

March 

April 

May 

Jnne 

July 

August 

September. 
October  _.. 
November. 
December. 


The  year 


1892. 


January... 
February  . 

March 

April 

May 

June 

July  - 

August 

September. 
October  . . . 
November. 
December  . 


Diacbarg«  oyer  weir. 


Maximum. 


The  year 


Second-feet. 

165 

3,811 

3,965 

253 

79 

47 

19 

2 


1,701 


324 

279 

2,016 

752 

324 

34 

14 


3,566 
4,951 


Minimum. 


Second-feet, 
38 
38 
98 
84 
47 
22 
2 
0 


0 


22 
47 
54 
62 
41 
14 
0 


599 
120 


Mean. 


Quantity 
of  water 
pumped. 


Second-feet, 

58 

467 

424 

147 

60 

32 

9 

2 


84 


a  159.1 


78 

86 

190 

168 

111 

23 

64 


<^4,332 
997 


Sec-feet. 

9 
10 

5 
10 
12 
12 
12 
12 
10 
10 
10 
10 


o  Eight  months*  mean. 

b  Mean  of  July  1  to  19,  inclu^ve. 


cMean  of  November  28  to  80,  inclusive. 


10.17 


8 

12 

11 

9 

11 

12 

12 

9 

6 

6 

7 

3 


8.8 
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Estimated  monthly  discharge  of  Alameda  Creek  at  NUes  dam — ContinTied. 


Month. 


1893. 


January.  __ 
February  « 
March 


April 

May 

June 

July 

August  ... 
September 
October  _ . . 


Discharge  over  weir. 


Mazimam. 


Second-feet. 
2,016 
2,577 


Minimnm. 


Second-feet. 
120 
237 


Second-fe^t. 
437 
743 


QuaotitT 
oif  watff 
pnmpHl 


Src.-fr^t. 


0 


November. 
December . 


The  year 


1894. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December  9  to  31 

The  year . . 


ft  590 


-).•• 


■9 
•I 


I 

s 


659 


;v- 


a  No  record  for  rest  of  year.       &Two  months  mean.       cNo  record  prior  to  December  9. 
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Estimated  monthly  discharge  of  Alameda  Creek  at  Niles  dam — Continued. 


Month. 


1895. 


January . . . 
February  . 

March 

April 

May  - 

Jnne 

July 

Angnst  .-. 
September 

October 

November 
December  . 


The  year 


1896. 


Jannary .  _ . 
February  . 

March 

April   

May 

Jnne 

July 

August  -_. 
September 
October  . . . 
November. 
December . 


The  year 


Discharge  over  weir. 


Maximum. 


Serond-feet. 

4,521 

«2,577 

224 

176 

224 

58 

16 

3 

c2 

47 
14 
25 


Minimum. 


Sfcond-feet. 

200 

206 

125 

71 

54 

16 

3 

1 

2 

0 

3 

6 


2,936 

306 

200 

2,577 

224 

54 

16 

2 

4 

23 

25 

872 


6 

75 

79 

79 

54 

16 

2 

1 

1 

0 

4 

12 


Mean. 


Second-feet. 

1.221 

625 

170 

124 

92 

30 

10 

1 

2 

8 

7 

9 


a  Record  miBsing  February  15  to  88,  inclusive, 
ft  No  record  previous  to  July. 
e  Record  missing  September  16  to  31),  inclusive, 
d  Six  months  mean. 


191.6 


534 

118 

121 

336 

137 

29 

5 

1 

1 

3 

8 

81 


115 


Quantity 
of  water 
pumfMMl. 


Sec-feet. 


M 
12 
12 
12 
12 
12 


^10.7 


6 


7 
12 
12 
12 
12 
10 

8 


6.6 
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Estimated  mmitMy  discharge  of  Alameda  Creek  at  NUen  daw — Continned. 


Month. 


1897. 


Jannary  . . 
February  . 
March 

• 

April 

May 

June _ 

July 

August  ... 
September 
October . . . 
November 
December . 


The  year 


1898. 


January  . 
February 
March  . . . 

April 

May 

June 

July 


August  ... 
September 
October . . . 
November 
December . 


The  year 


Discharge  over  weir. 


Maxixnam. 


Second-feet. 

565 

2,577 

3,700 

(V39 

98 

•     54 

«19 


ft  14 


(^) 


rf4 
'4 


(/) 


0 
2 


Minimam. 


Secfmd-feet. 
47 
224 
246 
98 
58 
19 
12 


QnantitT 
of  water 
pampni 


Secand-feei. 

123 

837 

816 

227 

71 

25 

16 


2 

0 


0 
0 


iief.-/rrf. 


I 


2 
0 


0 
0 


a  Mean  of  July  1  to  15,  Inclusive.    No  record  for  remainder  of  month. 

bNo  record  from  July  16  to  November  15,  inclosive. 

oNo  record  from  December  1, 1897,  to  May  22, 1886,  inclusive. 

t^No  record  from  December  1, 1897,  to  May  22, 1808,  inclnsive. 

« Jane  18  to  October  22,  inclosive,  water  below  crest. 

/No  lengrth  of  weir  given  from  October  28  to  November  18,  inclusive. 


8 
8 
? 

4 


4  «i 


s 

12 
15 
13 

9 


10 

11 

i: 


s.i 
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JSatimcUed  monthly  discharge  of  Alameda  Creek  at  Niles  dam — Continned. 


Month. 


1890. 


January  . . 
February  . 
Marcli «  . . . 

April 

May 

June  _ 

Jnly  _ 

An^nst  ... 
September 
October  . .  _ 
November 
December  . 


The  year 


1900. 


Jannary  . . 
Febmary  . 

Marcb 

April 

May 

June 

July 

An^nst  ... 
September 
October . . 
November 
December. 


The  year 


Discharge  over  weir. 


MaTimnm. ;  Minimum. 


Mean. 


Qnantity 
of  water 
pumped. 


Second-feet.  Second-feet.  Second-feet.     Sec-feet. 


481 
4 


200 

19 

8 

1 

0 


ft338 
565 


3,700 

47 

306 

71 

31 

<*6 

1 

1 

''17  ' 


0 
0 


21 
6 
2 

0 

0 


8 
14 


41 
25 
25 
25 

7 
1 
0 
0 
0 


41 
2 


54 

12 

4 

1 

0 


47 
101 


297 

34 

112 

35 

17 

4 

0 

0 

4 


a  Record  incomplete. 

ft  AnflTCUBt  17  to  November  15,  inclnsive,  water  below  crest. 

eTSo  record  from  June  17  to  24,  inclusive. 

rfEnd  of  record. 

«  Eleven  months  mean. 


8 
11 

6 
10 
11 
13 
12 
12 
11 
10 

6 

7 


9.67 


5 
12 

7 
12 
12 
12 
12 
12 
10 
12 


'10.45 
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ALDER   CREEK. 


Alder  Creek  is  a  tributary  of  the  Santa  Ana,  in  San  Beniarrlino 
County.     (See  Santa  Ana  River,  Alder  Creek.) 

ALISO   CREEK. 

Aliso  Creek  rises  in  the  Fernando  hills.  It  is  normally  dry  at  the 
points  of  measurement.  During  the  night  preceding  the  measure- 
ments thei*e  had  been  0.65  inch  of  rain.  At  the  point  of  first  meas- 
urement it  is  1.5  miles  from  the  foothills.  The  measurements  show 
the  manner  in  which  the  creek  sinks.  Just  below  the  point  of  second 
measurement  the  water  all  disappears. 

Discharge  niecumrements  of  Aliso  Creek,  Sari  Fernando  Valley. 


Date. 

H  ydrognr&P^er . 

Dis- 
charge. 

LocaUty. 

1»01. 
January  28.-- 
Do 

J.  B.  Lippincott 

do - 

SeC'foot. 
O.ftO 
.32 

At  Chatsworth  road  crossing. 
2  miles  below  road  crossing. 

AMERICAN  RIVER. 
Discharge  measurements  of  American  River,  Sacramento  County. 


Date. 


Sept.  — 
Aug.  8 
Sept.  18 
Sept.  16 

Sept.  14 
Sept.  16 

Sept.  14 
Dec.  28 

July  14 
Jan.  24 

Feb.  23 
May  21 


1898 
1901 
1901 
1899 

1900 
1899 

1900 

1878 

1879 
1879 

1879 
1879 


Hydrographer. 


Diflcbarge. 


J.  B.  Lippincott. 
C.  W.  Landis 
J.  B.  Lippincott. 
S.  G.  Bennett . . 


do 
do 

do 


State  engineering  de- 
partment. 

...-do 

do 


do 
do 


Sec.'/eet. 
34.5 
619 
23 
86 

235 

20 

12 
570 

4,000 
las,  000 

10,000 
10,000 


Locality. 


Folsom. 

Do. 

Eldorado  flume  at  Riverton. 

Main  river,  1  mile  above  South 
Fork. 

Do. 

North  Fork  ditch,  2i  miles  above 
Folsom. 

Do. 

4  miles  above  Folsom. 


Do. 

Sacramento.    Twelfth 
bridge. 

Near  mouth. 

Do. 


street 
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I>i»charge  ifiecunirenients  of  South  Fork  of  American  River,  Eldorado  County. 


I>ato. 


Aug.    21,1902 


Aur.    22,1902 


I>o 


Aug.    23,1902 

Sept.    18,1899 

Sept.    14,1900 
I>o 

Sept.    18,1900 
2,1901 


Hydroin^pher. 


S.  G.  Bennett 


do 
do 


do 

S.  G.  Bennett 


do 
do 
do 
do 


Sept.    18,1901  I  J.  B.  Lippincott 


Sept. 
Sept. 
Sept. 
Aug. 
f3ept. 

AnfiT- 


14, 1901 
18,1901 
18,1901 
22,1902 

19. 1901 

19. 1902 


do 

do 

do 

S.  G.  Bennett . . 
J.  B.  Lippincott. 
Chas.  A.  Miller  . 


I>o 

Aug-    22,1902 

Do 


Ang.   21,1902 
Ang.   23,1902 


do 
do 

do 

do 
do 


Dis- 
charge. 


Sec-feet. 
100 

5 
12 

30 

30 

«20 

80.5 
35 
«20 
36 

^28 

<'40 
^25 
rfl6 

11 

69 
7.5 

40 
29 

7.9 

87 
102 


LfOcality. 


Chillie  Bar,  3  miles  from  Placer- 
ville. 

Big  Canyon  Creek  at  Ohillie  Bar. 

South  Fork  of  Silver  Creek,  200 
feet  above  month. 

Main  Silver  Creek,  150  feet  above 
junction  of  South  Fork  of  Sil- 
ver Creek. 

Eldorado  ditch,  1  mile  from  Pa- 
cific x)ost-office. 

South  Fork  at  iron  road  bridge 
near  mouth. 

Do. 

South  Fork,  Natoma  ditch. 

Do. 

South  Fork,  Natoma  ditch  near 
Salmon  Falls. 

Silver  Creek  below  mouth  of 
Little  Silver. 

Do. 
South  Fork  at  Riverton. 

Do. 

Do. 

South  Fork  at  Mosquito  Bridge. 

Branch  of  Natoma  ditch,  South 
Fork  of  American  River. 

Natoma  ditch. 

Natoma  ditch  near  Salmon 
Falls. 

Nigger  Hill  ditch  near  Salmon 
Falls. 

Iron  bridge  near  mouth. 

2  miles  above  iron  bridge. 


a  EkiEtiinated. 
b  4-30  p.  m. 

r8  a.  in. 

rf  11  ».  m.    Flame  company  in  said  to  be  divertinfc  entire  river  at  their  intake  aliove  Riverton, 
bnt  c*x>iisi<lerable  water  returns  to  the  river  from  leaks  in  old  flume. 


42 


CALIFORNIA   HYDBOGRAPHY. 


Df0.8L. 


Discharge  mecisurenients  of  North  Fork  of  American  River. 


Date. 


Hydro^rapher. 


Ang.  21,1902  I  Chas.  A.  Miller 

I 

Aug.  23,1902  ; do 


Din- 
charge. 


Sec. ft. 
59 


Locality. 


Ang.  27,1902    do 

Aug.  28,1902  ' do 


Aug.  26,1902 


200  feet  above  Colfax,  Iowa  HiD 
road  bridge. 

35  I  South  Yuba  Water  Company's 

\      new  i)Ower  canal. 
I 
204  I  Above    junction     with     Soatli 

I      Fork. 

145     1  mile  above  month   of  South 
Fork. 

121  Do. 

78     2i  miles   from  Anbm-n    ahore 
mouth  Middle  Fork. 

14     North  Fork  Canal,  second  cnn^ 
ing  of  ditch  from  Folsom. 


Discfiarge  nieaguremendt  of  Middle  Fork  of  American  Hiver. 


Date. 


Hydrographer 


Dia- 
cfaar^. 


Aug.   26,1902 


Do 


Do 


Do 


S.  G.  Bennett 


do 


do 


do 


Aug.  28,1902 


do 


Sec.-ft 


11 


18 


42 


110 


LocaUty. 


North  Fork  of  Middle  Fork.  :»• 
feet  above  junction. 

North  Fork  of  Middle  Foit. 
mining  ditch. 

300  feet  above  jnnction  witfa 
Rubicon  River. 

Rubicon  River,  300  feet  above 
junction  with  Middle  Fork  uf 
American  River. 

Middle  Fork  above  month. 


ARMAS   CREEK. 
Discharge  measurements  of  Armas  Creek ^  Santa  Barbara  Count jf. 


Date. 


Hydrograpber. 


Aug.  — ,  1889 


G.  F.  Wright 


Locality. 


AKMITAS    CREEK. 
Discharge  measurements  of  Armitas  Creek j  Santa  Barbara  County, 


Date. 


Hydrograpfaer. 


Aug.  — ,  1889 


G.  F.  Wright 


Sec./t. 
0.04 


LocaUty. 


] 
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ARROYO  BURRO. 

jyUcharge  ifieasurements  of  Arroyo  Bwrro,^  Santa  Barbara  County, 


I 


Etaite. 


Hydrographer. 


Ajug.  — ,  1889  ,  G.  F.  Wright . . 
June  21,1902  '  J.  B.  Lippincott 
June    17. 1900     J.  Harrington . . 

r>o -do -. 

May       2,1900    do 


Do. 


Do- 


June   21,1902 
Xto 


Do 


Do 


do 


do 


J.  B.  Lippincott 
do  


do 


.do 


LocaUty. 


.02 

.08 

.009 
.25 

.011 

.0063 


100  feet  below  Moore's  north  line. 

San  Roqai  Creek,  above  tnnnel. 

San  Roqni  Creek,  below  tnnnel. 

San  Roqni  Creek,  station  6,  op- 
posite tnnnel. 

San  Roqni  Creek,  station  8,  op- 
posite tnnnel. 

Tnnnel  of  Pacific  Improvement 
Co. 

San  Roqni  Creek,  below  tnnnel. 

Tnxmel  of  Pacific  Improvement 
Co. 

San  Roqni  Creek  at  station  44, 
opposite  tnnnel. 

San  Roqni  Creek  at  station  65, 
opposite  tnnnel. 


ARROYO  CARNERO. 
Discharge  measurementH  of  Arroyo  Camero^  Santa  Barbara  County. 


Date. 


An^.    —,1889 


Hydroin^pher. 


Dis- 
charge. 


G.  F.  Wright 


Sec-feet. 
0.08 


Locality. 


ARROYO  GRANDE. 

Discharge  measurements  of  Arroyo  Grande ,  San  Luis  Obispo  County, 


Date. 


Hydroirrapher. 


Dis- 
cbarge. 


Liocality. 


Nov.    30,1897 


W.  W.  Brier 


Sec-feet. 

7. 80         Arroyo  Grande. 


ARROYO  LEON. 
Discharge  measurements  of  Arroyo  Leon,  San  Mateo  County, 


Date. 

Hydrographer. 

Dis- 
charge. 

Locality. 

Oct.     17, 1893 

W.  W.  Brier 

Sec-feet. 
0.63 

i  mile  above  Half  Moon  Bar. 

n  The  upper  mountainous  portion  of  this  stream  is  called  the  San  Roqui  and  the  Ipwer  part  the 
Arroyo  Burro. 
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ARROYO  SECO. 

This  Htream  is  a  tributary  of  Los  Angeles  River,  which  it  joins  at 
the  city  of  Los  Angeles.  Its  basin  is  small,  draining  21  square  m\\e> 
of  the  Sierra  Madi-e.  The  river  issues  from  the  mountains  on  the 
west  side  of  Pasadena  Mesa,  passes  through  an  opening  in  a  granite 
spur  known  as  Devils  Gate,  and  joins  Los  Angeles  River  at  Ijos^ 
Angeles.  Between  the  point  where  the  water  issues  from  the  moiin- 
tain  and  Devils  Gate  lies  a  broad  river  bottom  2  miles  in  length,  com- 
posed of  coarse  material.  In  passing  over  this  the  water  sinks  rapidly, 
diminishing  in  volume  of  flood  water  from  the  mouth  of  the  canyon 
to  Devils  Gate.  It  is  believed  that  a  large  portion  of  the  underflow 
from  the  gravels  above  Devils  Gate  passes  to  the  east  of  Devils  Gate 
and  flows  toward  the  San  Gabriel  Valley.     (See  also  Pasadena  Mesa.) 

Discharge  meanureitients  of  Arroyo  Seco,  at  cable  station  temiitial  quarries,  Lot 

Angeles  County. 


Date. 


Nov.  21, 1900, 1.30  p.  m 
Nov. 21, 1900, 3  p. m_.. 
Nov. 21, 1900, 3  p. m_.. 
Nov.  22, 1900, 11  a.m.. 
Nov.  22, 1900, 2  p.m... 

Nov.23,1900 

Nov. 24, 1900, 3  p.m... 
Nov.  26, 1900, 3.45  p.  m 

Dec.1,1900 

Dec.  6, 1900 

Jan.6,1901_ 

Jan. 7, 1901, 9.30  a.m.. 
Jan. 7, 1901,3.45  p.m.. 
Jan.8,1901 


E.  P.  Dewey 

do 
...do 

do 

...do 

do 

--   -do 

do 

W.  B.  Clapp 

do 

do 

do  _   ... 

do 

do 

Jan.ll,19gi do 

Jan.  14, 1901 ...| do 

Jan. 20, 1901 \ do 

Jan.21.1901 do 

Jan. 23, 1901  ..   _ do 

Jan.28,1901 J do    .... 

Jan. 29, 1901 do 

Feb.  1,1899. _ W.B.Clapp 

Mar.  17, 1899, 

Mar.  18,1899. 

Mar.  19, 1899. 

Mar.  20, 1899 . 


Hydrographer. 


charge. 


99 
31 

11.5 

8.: 

4.3 

1.4 

17^ 
103 

2?< 

14 

i 

11 
< 

11 
.24 
3,24 

1.:: 

*>  V? 


t.IPI»IlfCOTT.] 
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THacliarge  nieasurententa  of  Arroyo  Seco,  etc, — Continued. 


Date. 


Hydrographer. 


Mar.  21.1899 W.B.Clapp 

Mar.  22, 1899 , do 

Mar.23,1899 do 

Mar.26,1899 '. do 

Mar.28,1899 do 

Apr.  2, 1899 do 

Apr.  12, 1899 

Jan.  10,1899 

Jan.  11,1899 

Jan.  12,1899 _.... 


rk) 

Nov.  20, 1900 

Nov.  21,1900,11  a.m 
Nov.  21, 1900, 12  m.. 
Nov.  21, 1900  1p.m. 

Feb.  4,1901 

Feb.  5, 1901,11  a.  m. 
Feb.  5,  1901,3  p.m.. 

Feb.  6,  1901 

Feb.  9,  1901 

Feb.  11,  1901 

Mar.  16,1901 

Apr.  2»,  1901 

May  10, 1901 


do 

E.  P.  Dewey 

do 

do 


do 

do 

do 

do 

do 

W.  B.  Clapp 

do 

do 

do 

do 

do...... 

do 

do  ....... 

do 


Dis- 
charge. 


Sec.-feei. 
1.90 
1.64 
1.56 
2.20 
1.32 
.28 
.08 
3.02 
1.90 
2 

2.06 
.28 
32 
35 


75 


29 

869 

410 

200 

102 

102 

17 

1.6 

5.3 


ZHscharge  measurements  of  Arroyo  Seco  near  Devils  Gate,  Los  Angeles  County, 


I>ate. 


Jmie 

July 

Ang. 

Oct- 

Nov. 

May 

Jnly 

Sept. 

Sept. 

Oct. 


14.1899 
12,  1897 

9,  1897 
11,  1897 

8,  1897 
31,  1899 
10,  1899 
17,1900 
16,1898 
12, 1898 


Hydrographer. 


Dis- 
charge. 


T.  D.  Allen. 

do 

do 

do 

do 

do 


Sec.'feet. 
«5.17 
«5.12 
a  4. 63 
04.13 
«4.16 
03. 17 


W.  B.  Clapp I      02.87 

do 03.55 


F.  H.  Olmsted. 


03. 60 


J.  B.  Lippincott 03.44 


a  Devils  Ghite  deTelopments,  including  Richardson  and  Wilson  tunnels. 
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Discharge  measurements  of  Arroyo  Seco,  Los  Angeles  County, 


Date. 


Jan. 

11,1899 

Oct. 

13, 1898 

Sept. 

16,1898 

Oct. 

24, 1898 

May 

29,1899 

Jime 

3,1899 

June  21,1899 

July 

1,1899 

Jtdy 

18, 1899 

Sept. 

19,1900 

Sept. 

21,1900 

Feb. 

6,1901 

Hydrographer. 


W.B.Clapp 

J.  B.  Lippincott. . . 

F.H.Olmsted 

J.  B.  Lippincott. . . 

W.B.Clapp 

do 

do 

do 

do 

W.  W.  Cockina,  jr 
J.  B.  Lippincott. . . 
S.  G.  Bennett 


Dis- 
cbai^fe. 


Sec.-ft. 
4.17 
.08 
1.69 
1.48 
1.43 
1.36 
1.62 
1.83 
1.80 
1.94 
1.37 

270 


Locality. 


Longhery  dam  site. 
Painter  pipe-line  diversioii. 
Sheep  corral,  total. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Avenne  26  bridgre   (flood  mea^- 
nrement). 


BEAR  CREEK. 


See  Santa  Ana,  Bear  Creek. 


BEAMS  DITCH. 


See  San  Bernardino  Valley,  Beams  ditch. 

BEAR  RIVER. 

Discharge  measurements  of  Bear  River,  Yuba  County. 


Date. 


Sept.  17,1900 

Dec.  16,1878 

Sept.  6, 1879 

Feb.  23,1879 

Sept.  6, 1879 

Oct.  20,1879 

Ang.  25,1902 

Do 


Hydrographer. 


S.  G.  Bennett 


State  engineering  de- 
partment. 

do 

do 

do 

do 

S.  G.  Bennett 


Aug.   26,1902 


Dis- 
charge. 


Sec.'/t. 
11.7 

10 

15 
6,500 
15 
12 
16  ■ 

33 

28 


Locality. 


Wagon  bridge  1  mfle  sonth  of 
Wheatland. 

Wire  bridge. 

Do. 

Do. 

Wheatland. 

1  mile  below  wire  bridge. 

Below  waste  from  old  mininir 
ditch. 

Old  mining  ditch  of  South  Ynln 
Water  Company,  one-fourth 
mile  below  head  ^w^orks. 

Wooden  flnme  of  Sonth  Ynba 
Water  Company,  near  Au- 
burn. 


LIPPIKOOTT.] 


BEAB  mVEB. 
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Estimated  monthly  discharge  of  Bear  River,  Merced  County,  at  base  of  foothills.^ 

[Dninage  area,  166  square  milee.] 


Mod  til. 


1878. 
November  .._ 
December 


1879. 


January  .. 
Febmary  . 

March 

April 

May 

Jtme 

July 

August  ... 
September 

October 

November 
December. 


The  year 


1880. 


January  .. 
February  _ 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November. 
December . 


The  year 


Discharge. 


Maximum. 

Minimum. 

I 

Sec-feet. 

1 
Sec.'/eet. 

0 

0 

0 

0 

0 

0 

312 

0 

570 

0 

197 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•     0 

0 

257 

0 

570 

0 

1 

217 

0  ; 

700 

0 

85 

10 

2,080 

25 

47 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

421 

0 

2,080 

0 

Mean. 

Sec  -feet. 
0 
0 

0 

25 

57 

54 

0 

0 

0 

0 

0 

0 

0 

18 


13 


25 

61 

31 

821 

23 

0 

0 

0 

0 

0 

0 

115 

48 


ToUl  dis- 
cbarge. 


34,538 


Rnn-off. 


Acre-feet. 
0 
0 


0 

1,388 

3,505 

3,213 

0 

0 

0 

0 

0 

0 

0 

1,107 

9,213 


Per 

square 

mile. 

Depth. 

Sec-feet. 

Inches. 

0 

0 

0 

0 

0 

0 

0.15 

0.16 

.84 

.89 

.33 

.87 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.11 

.18 

.08 

1.J5 

- 
1 

- 

1,537 

3,509 

1,906 

19, 101 

1,414 

0 

0 

0 

0 

0 

0 

7,071  ; 


.29 


.15 

.17 

.37 

.40 

.19 

.22 

1.93 

2.15 

.14 

.16 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.69 

.80 

3.90 


-    I- 


a  Anthority,  State  engineering  department. 
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[no.  81. 


Estimated  monthly  discharge  of  Bear  River  ^  etc, — Contintied. 


Month. 


1881. 


Jannary  .. 
February  _ 

March 

April 

May 

June 

Jnly 

August  . . . 
September 
October ,  _ . 
November. 
December . 


The  year 


1882. « 


January . . . 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November - 
December . 


The  year 


Mazimnin. 


Discharge 


Minimum. 


Sec-feet. 

1,920 

1,423 

197 

20 

0 

0 

0 

0 

0 

0 

0 

0 


1,920 


0 


0 
0 
0 
0 
0 


Sec-feet. 

20 

47 
13 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 


0 


0 
0 
0 
0 
0 


Mean. 


Sec-feet. 

169 

214 

48 

6 

0 

0 

0 

0 

0 

0 

0 

0 


36 


0 

33 

100 

130 

-  0 

0 

0 

0 

0 

17 

25 

17 


27 


Total  dis- 
charge. 


Acre-feet. 

10, 391 

11,885 

2, 951 

357 

0 

0 

0 

0 

0 

0 

0 

0 


19,296 


Runoff. 


Per 

mile. 


Sec'fe^t. 

1.02 

1.39 

.29 

.04 

O 

O 

0 

O 

O 

0 

0 

0 


Depth. 

1.1** 

1.34 

.33 

.04 

0 

(I 

0 

0 

0 

0 

0 

0 


25,584 

.  0 

1,833 

6,149 

7,736 

0 

0 

0 

0 

0 

1,045 

1,488 

1,045 


23 


2,.*« 


0 

20 

60 

78 

0 

O 

0 

0 

O 

10 

15 

10 


0 
21 

0 
0 
0 


.12 

.i: 

.13 


16 


2.^ 


a  Run-off  for  1882, 1888,  and  1884,  estimated  from  provious  measnrementB  or  from  ran  off  of 
neighboring  streams. 
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Estimated  monthly  discharge  of  Bear  River,  etc. — Continaed. 


Month. 


1883. « 

Jannary. 

Febrtiaxy 

March.  _ 

April  - 

May  -_- - 

June 

Jnly 

Angpist 

September 

October 

November 

December 


The  year 

1884.« 

Janoary 

Febmary 

March  

April  _ 

May 

Jane 

Jnly  -.- -- 

Angnst 

September 

October 


Diflcharge. 


Maximum. 


Minimam. 


8ec.-feet. 


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


Sec-feet. 


0 
0 
0 
0 
0 
0 
0 


Mean. 


Total  di»- 
cbarse. 


Sec-feet.  \   Acre-feet. 


66 

83 
170 
100 

50 
0 

.0 
0 
0 
0 
0 
0 


4,058 

1,883 

10,453 

5,950 

8,074 

0 

0 

0 

0 

0 

0 

0 


35  ;      25,368 


0 
0 
0 


17 

1,045 

660 

87,964 

010 

55,954 

660 

39, 273 

380 

20,291 

170 

10,116 

66 

4,058 

0 

0 

0 

0 

0 

0 

Rnn-off. 

Per 

aqnare 

mile. 

Depth. 

Sec-feet. 

Inclw9. 

.40 

.46 

.20 

.21 

1.02 

1.18 

.60 

.67 

.30 

.35 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.21 

2.87 

.10 

3.98 

5.48 

3.98 

1.99 

1.02 

.40 

0 

0 

0 


.12 

4.29 

6.32 

4.44 

2.29 

1.14 

.46 

0 

0 

0 


a  Bim-off  for  18SS,  1888,  and  1884,  estimated  from  previous  measurements  or  from  run-off  of 
nei^liboring  streams. 


IKR81— 03- 
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BIG  ROCK  CREEK. 

Discharge  nieatfureifients  of  Big  Rock  Creek,  Los  Angeles  County. 


Date. 


Hydrographer. 


Dis- 
charge. 


Locality. 


Sec.  feet. 

Jan.     4,1898     J.  B.  Lippincott  - 5.27     Dam    site    above     development 

tiinneL 

Jan.     4,1898^ do 1.27     Diversion  to  tunnel. 

Jan.     4,  1898  j do 1.33     Developed  in  tnnneL 

Jan.     4,  1898  i do 78     Cienega  on  Pallett  tribntary. 


WILLIAMS  RIVER. 
Discharge  nieusureuient  of  Williams  River,  YunHi  County^  A.riz. 


Date. 


Hydrographer. 


Dif9- 
charge. 


Jan.     1,  1902  '  J.  B.  Lippincx)tt 
Oct.    28, 1902  '  E.  T.  Perkins  _ . . 


iiec.  feet. 
4 

4 


Locality. 


Mouth  of  river. 
Do. 


BLOOMINGTON  FLUME,  SAN  BERNARDINO  COUNTY. 

See  S»n  Bernardino  Vallev. 

BRISCOE  CREEK,  GLENN  COUNTY. 

See  Stony  Creek,  Briscoe  tributary. 

BURNEY  CREEK. 

See  Pit  River,  Burney  tributary. 

BUTANO  CREEK. 


Discharge  measureinent  of  Butano  Creek,  San  Mateo  County. 


Date. 


Hydrogrrapher. 


Oct.    17,  1898  I   W.  W.  Brier 


Dis- 
charge. 


Sec.  feet. 
2.05 


Locality. 


5    mUes    above    junction  'witJi 
Pescadero  Creek. 


i.iT'PiNcxxrr.] 
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CACHE  CREEK.a 


This  stream  is  the  outlet  of  Clear  Lake,  in  Lake  County,  Cal.,  and 
is  described  in  Water-Supply  Paper  No.  51,  p.  453- 

On  account  of  the  great  importance  of  Clear  Lake  as  a  storage  res-. 
ervoir,  a  gaging  station  was  established  at  the  wagon  bridge  across 
(^aelie  Ci-eek,  one-half  mile  north  of  the  town  of  Lower  Lake,  January 
I,  lOOl.  Gage  rods  were  put  in  at  this  point  and  an  observer  was 
employed  by  Mr.  P.  N.  Ashley,  of  Woodlands,  for  the  Agricultural 
Department,  about  October,  1900,  but  no  meter  measurements  were 
made. 

In  order  to  determine  the  evaporation  from  the  surface  of  Clear 
Lake  an  evaporation  pan  and  gage  were  placed  in  a  cove  near  Lake- 
port  in  January,  1901,  and  the  observations  for  evaporation  were 
l)cgun  February  1  by  Capt.  D.  C.  Rumsey.  The  pan  is  not  exposed 
to  the  full  force  of  the  wind,  as  the  waves  often  run  high. 

Discharge  rnedsurementH  of  Cache  Creek ^  Lake  County. 


Dtite. 


Hydrof^rapber. 


13 

4 


Sept.  24 
Dec.  16 
Jan.  25 
Apr.  13 
June  1 7 
Jnly  15 
Aug. 
Sept. 
( krt.  5 
Nov.  9 
Nov.  29 
Dec.  30 
Jan.  29 
Feb.  13 
Mar.  3 
Mar.  19 
Apr.  5 
Apr.  34 
May  3 
May  19 
May  31 
Jnne  14 
July    12 

a  For  a 
paper  No 


1900 
1900 
1901 
1901 
1901 
1901 
1901 
1901 
1901 
1901 
1901 
1901 
1902 
1902 
1902 
1902 
1902 
1902 
1902 
1902 
1902 
1902 


S.G.Bennett ... 

do 

do 

do 

S.  Matthews 

do 

do 

J.  R.  Anderson  . 
do 


.do 
do 
.do 
-do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


Gafire 
height. 


Feet. 


Dis- 
charge. 


Locality. 


I 


1902  ! do 


1.18 

3.60 

3.80 

2.85 

2.45 

2. 05 

1.72 

1 .  45 

1.20 

1.60 

1.60 

1.60 

2.50 

6.50 

7.70 

6.5 

5.9 

5.2 

4.5 

4.0 

3.6 

3.1 


j  Sec-fret. 

i  3.8 

,     123 

!    675 

I     673 

333 

236 

144 

88 

34 

20 

69 

65 

70 

260 

1,151 

1,866 

1,397 

1,212 

1,042 

853 

720 

629 

422 


Lower  Lake  Bridge. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


detailed  statement  concerning  the  hydrography  of  Cache  Creek,  Mt»e  Water-Supply 
45,  by  A.  £.  Chandler. 
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Discharge  measurements  of  Cache  Creek,  Lake  County — Continued. 


Date. 


July  26,1902 
Aug.  9, 1902 
Aug.  22,1902 
Sept.  6, 1902 
Sept.  20,1902 
Oct.  4, 1902 
Oct.  20,1902 
Nov.  4, 1902 
Nov.  19,1902 
Dec.  19,1902 
June  24,  1900 
June  25,  1900 
Sept.  23, 1900 
Apr.  12,  1901    do 


HydroKrapher. 

Oaffe 
height. 

F\fet. 

J.  R.  Anderson 

1 

2.8 

....do 

2.7 
2.5 
2.3 

...do 

....do 

...do 

2.2 

....do 

2.1 

....do 

2.0 

....do 

2.1 

....do 

2.8 

S.G.Bennett 

2.8 

...do 



.  ...do 

...-do 

1 

Dis- 
charge. 


Apr.   15,  1901 

May     8,  1902 
Sept.  25,  1902 


do 


....do 
...do 


3.4 


Sec-feet. 
345 
289 
246 
193 
156 
108 
83 
118 
245 
300 
196 
189 

3.8 
811 
720 


locaUty. 


Lower  Lake  Bridge. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.     • 
Rumsey,  Colusa  Connty. 

Do. 


4.4  ,1, 

1.4 


276 
56 


Do. 

Do. 

Woodland 
County. 

Do. 

Do. 


Bridge.     Y«>1' 


Estimated  monthly  discharge  of  Cache  Creek  at  Lower  Lake. 

[Drainage  area,  SOO  square  miles.] 


Month. 


1901. 

January 

February 

March 

April 

May 

June 

July-. 

August 

September 

October 

November 

December 

The  year 


Discharge. 


Maximum.    Minimum. 


itec.-feet. 

2,020 

2,520 

1,330 

805 

570 

415 

255 

155 

86 

50 

62 

74 

2,520 


Sec-feet. 

155 

615 

805 

530 

380 

255 

155 

86 

40 

16 

16 

40 

16 


Mean. 


Sec-feet. 

535 

909 

1,079 

654 

481 

327 

199 

114 

55 

31 

26 

62 

373 


Total  dis- 
charge. 


Acre-feet, 

32,896 

50,483 

66,345 

38,916 

29,576 

19,458 

12,236 

7,010 

3,273 

1,906 

1,547 

3,812 

263,858 


Run-off. 


Per 

Miuarc 

mile. 


Depth 


Sec.-fert. 

1.07 

1.82 

2.16 

1.31 

.96 

.65 

.40 

.23 

.11 

.06 

.05 

.12 

.75 


1.23 

!.•«» 
2.49 
1.4h 

l.U' 

.y 

a: 
.••: 

.14 
10  «»' 
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Kstiniated  monthly  discharge  of  Cache  Creek  at  Lower  Lake — Continned. 


Month. 


1902. 

January 

February 

March 

April 

May --. 

June. 

July 

Au^TQst  _  _ 

September 

October . . 

November 

December 

The  year 


Discharge. 


I 


Maximiim.    Minimnm 


Sec-feet. 

78 

1,345 

2,080 

1,660 

1,100 

670 

460 

310 

200 

150 

580 

340 

2,080 


Sec-feet. 

40 

52 

1,275 

1,100 

670 

460 

310 

200 

130 

110 

110 

280 


Mean. 


Sec-feet. 

53 

381 

1,766 

1,427 

865 

556 

380 

243 

163 

127 

263 

307 


40 


544 


Total  diH- 
charge. 


Run-off. 


Per 

square 

mile. 


Acre-feet. 

3,259 

21,160 

108,587 

84,012 

53,187 

33,084 

23,865 

14,941 

9,690 

7,809 

15,650 

18, 877 


394,530 


Sec-feet. 
0.11 

.76 

3.53 

2.85 

1.73 

1.11 

.76 

.49 

.33 

.25 

.53 

.61 


1.09 


Depth. 


IncheB. 

0.13 

.79 

4.07 

3.18 

1.99 

1.24 

.88 

.56 

.37 

.29 

.59 

.70 


CAJON  CREEK. 
ZHscharge  measurenienta  of  Cajon  Creek,  San  Bernardino  County, 


14.79 


Date. 

Hydroflfrapher. 
S.  G.  Bennett 

DiBcharge. 

Locality. 

June     8.  1900 

Sec-feet. 
1.37 

Keenebrook  station. 

CALAVERAS  RIVER. 
LHscJutrge  vieasnirenientH  of  Calaveras  River,  Calaveras  County. 


Date. 

Hydrofirrapher. 

Discharge. 

Locality. 

Sept.      6, 1899 

S.  G.  Bennett 

Sec- feet. 
Dry 

San  Andreas,  Jackson  road. 

54 


CALIFORNIA   HYDROGRAPHY. 


[NO.^l. 


Estiviated  monthly  discharge  of  Calaveras  River  at  Bellota,*^ 

[Drainage  area,  491  aqnare  milas.] 


Month. 


1878. 


November  ^ 
December '' . 


1879. 


Jamiary.  *.. 
February... 

March 

April 

May 

June^ 

July  & 

August  ^  - . . 
September  ^ 
October  ft... 
November  ^ 
December  * . 


The  year  '^ 


1880.^ 


January . . . 
February 

March 

April 

May 

June 

July 

August  ... 
September 
October  . . . 
November 
December  . 


The  year 


Mean  dis- 
charge. 


Sec.-feet. 
0 
0 


220 

648 

1,068 

680 

166 

98 

24 

0 

0 

0 

0 

295 


221 

393 

614 

4,174 

1,473 

196 

24 

10 

0 

0 

0 

246 


613 


Total  difi- 
charge. 


Acre-feet. 
0 
0 

14,081 

35,988 

65,669 

40,468 

9,878 

5,831 

1,476 

0 

0 

0 

0 

18,139 


Run-off. 


Per  square 
mile. 


I 


267         191,525 


13,589 

22,606 

37, 753 

248, 370 

90,571 

11,663 

1,476 

615 

0 

0 

0 

15, 126 


441,769 


Sec.-feet. 
0 
0 

0.47 

i.a2 

2.18 

1.38 

.34 

.20 

.05 

0 

0 

0 

0 

.60 


.55 

.45 

.80 

1.  25 

8.50 

3.00 

.40 

.05 

.02 

0 

0 

0 

.50 


1.25 


Depth. 


Irteket. 


0 
0 

l.:C 


l.M 

.«« 

0 

0 
0 
I) 


4 .  • 


« 

9,+* 

.*»■' 

.0. 

I' 
fi 

p 


16.  < 


A  Authority,  California  State  engineering  department 

bFor  Novemljer  and  December.  J 878.  and  trom  June,  I8?S>,  to  October,  1884,  estimated  try^vL 
run  off  of  ueighbortng  •fitream. 
o Estimated  from  run  off  at  neighhon'ng  stream. 


I^IPPINCOTT.] 


CALAVEBi^S   RIVER. 
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Estimatefl  monthly  discharge,  of  Calavercut  River  at  Bellota — Continued. 


Month. 


1881.« 


January . . . 
February  . 

March 

April 

May 

June  - 

July 

August  . . . 
September 
October  .  _ . 
November 
December . 


The  year 


1882.« 


January  _ . 
February  . 

March 

April  . . .  -  - 

May -  - 

June 

July 

August  .  -  - 
September 
October  .  _ . 
November 
December  , 


The  year 


Mean  dlA- 
charg^e. 

Total  dis- 
charge. 

Run-off. 

1 

Per  square 
mile. 

1 

Depth. 

1 

Sec.feet. 

Acre-feet. 

1 
Sec.'feet. 

Jnchea. 

1,478 

90,571 

3.00 

3.46 

2.700 

149, 950 

5.50 

5.78 

982 

60,381 

2.00 

2.31 

983 

58, 433 

2.00 

2.23 

196 

12,052 

.40 

.46 

74 

4,403 

.15 

.17 

49 

3, 013 

.10 

.12 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

74 

4,550 
383,363 

.15 
1.11 

.17 

544 

14. 65 

344 

21,152 

.70 

.81 

442 

24,547 

.90 

.94 

1,719 

105, 697 

3. 50 

4.04 

1,719 

102, 288 

3. 50 

3.90 

2,946 

181,142 

6.00 

6.92 

246 

14,638 

.50 

.56 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

98 

6,026 

.20 

.23 

147 

8,747 

.30 

.33 

147 

1 

9,039 

.30 

.35 

651 

473, 276 

1.33 

18.08 

a  Estimated  from  run-off  of  neighboring:  ntream. 
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Estimated  monthly  discharge  of  Calaveras  River  at  Bellota — Continiied. 


Month. 


1883.0 

January 

February 

March 

April _ 

May 

June 

Jnly 

August 

September 

October 

November. 

December 

The  year  _ 

1884. « 

January 

February. _ . 

March  . .   

April  .  - 

May 

June  - - . 

July 

August  ... 

Septeml)er ... 

October 


Mean  dis- 
cbarge. 


Bec.-feet. 

491 

308 

737 

982 

491 

196 

0 

0 

0 

74 
24 
49 


196 

2,455 

2,946 

2,455 

491 

491 

196 

0 

0 

0 


Total  dis- 
charge. 


Acre-ftet. 

30,190 

21,826 

45,316 

58,433 

30,190 

11,663 

0 

0 

0 

4,550 

1,428 

3,013 


Per  SQiiare 


r  sqiu 
mile. 


286         206,609 


Sec.-feet. 

1.00 

.80 

1.50 

2.00 

1.00 

.40 

0 

0 

0 

.15 

.05 

.10 


12, 052 

141,213 

181,142 

146,083 

30,190 

29,217 

12,052 

0 

0 

0 


I 


Depth. 

1.15 

.8S 

1.75 

2.3J 

1.15 

.45 

U 

0 

0 

.17 

.06 

.12 


.40 

5.00 

6.00 

5.00 

1.00 

1.00 

.40 

0 

0 

0 


a  Intimated  from  run-off  of  neighboring  stream. 


CALIENTE  CREEK.a 
Discharge  mea^urem^ents  of  Caliente  Creek^  Kern  County. 


Date. 


Hydrographer . 


May     1,1895     J.  B.  Lippincott 


Dis- 
cbarge. 


Sec-feet. 
23 


Locality. 


7.« 


.46 
5.38 
6,95 
5.58 

1.  ir» 

1.12 
.4« 

I' 
0 
0 


li  miles  northwest  of  statiofn. 


a  stream  usnally  dry  in  summer  months. 


UPPINCOTT.] 


GALIENTE   CBEEK. 
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Estimated  monthly  discharge  of  Caliente  Creek,  Kern  County,  at  base  of  foothills.^ 

[DralDAge  area,  428  square  mileB.] 


Month. 


1878. 


November 
December . 

January  . . 
February  . 

March 

^April 

May 

June 

July 

August  ... 
September 
October . .  _ 
November 
December. 


1879. 


The  year 


1880. 


January  . . 
February  . 

March 

April 

May 

June 

July . . 

August  ... 
September 
October  . . . 
November. 
December . 


The  year 


Mean  dis- 
charge. 


Second-feet. 
0 
0 

34 

59 

30 

106 

76 

25 

0 

0 

0 

0 

110 

212 


54 


508 

973 

1,100 

1,227 

846 

212 

21 

0 

0 

0 

85 

212 


Total  dis- 
charge. 


Acre-feet. 
0 
0 


2,091 

3,277 

1,845 

6,307 

4,673 

1,488 

0 

0 

0 

0 

6,545 

13, 085 


89,261 


31,236 

55,968 

67.636 

73,012 

52,019 

12,615 

1,291 

0 

0 

0 

5,058 

18, 035 


432  !      811,870 


Run-off. 


^^j^^^     I>eptli. 


1.20 

2.30 

2.60 

2.90 

2.00 

.50 

.05 

0 

0 

0 

.20 

.50 

1.02 


Second-feet. 

IncKes. 

0 

0 

0 

0 

0.08 

0.09 

.14 

.15 

.07 

.08 

.26 

.28 

.18 

.21 

.06 

.07 

0 

0 

0 

0 

0 

0 

0 

0 

.26 

.29 

.50 

.58 

.18 

1.75 

- 

1.88 

2.48 

3.00 

8.24 

2.81 

.56 

.06 

0 

0 

0 

.22 

.58 


13.83 


aEatimated  from  run-off  of  neighboring  streams.    Authority,  California  State  engineering 
department. 
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Estimated  monthly  dt'Hcharge  of  CaJiente  Creek,  etc. — Continned. 


Month. 


1881. 

January  . . 

February  

March  . 

April _  - 

May 

June - . 

July 

August  -. 

September  _ 

October 

November 

December 

The  year 

1882. 

January  . .  _ 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year .... 


1 

1 

Ban-off. 

1 

J    Meandis- 
charse. 

Total  di»- 
cbarge> 

1 

Per aqnare 
mile. 

Depth. 

.     Sec-feet. 

Acre-feet. 

Sec./eet. 

ituAff 

212 

13, 035 

0.50 

o..> 

428 

24),  492 

1.00 

i.m 

428 

26,009 

1.00  ' 

i.ir. 

42:^ 

25, 170 

l.OO 

l.Vl 

428 

26,009 

1.00 

l.i:» 

212 

12,615 

.50 

..v; 

0 

0 

0  1 

0 

1                 0 

0 

0 

n 

i          ^ 

0 

0 

() 

1 

0 

0 

0 

1 

0 

0 

^    0 

0  i 

II 

51 

3,136 
129,466 

.12 

.14 

'             181 

.43 

5.74 

51 

3,186 

.12 

.14 

63 

3,499 

.15 

.K. 

212 

13, 035 

.50 

.5> 

212 

12,615 

.50 

..V 

42 

2,582 

.10 

.U* 

0 

0 

0 

i> 

0 

0 

0 

V 

0 

0 

0 

II 

0 

0 

0 

I) 

« 

0 

0 

it 

68 

8, 749 

.15 

.i: 

68 

8,874 

.15 

.i: 

59 

42,490 

.14 

i.yi« 

L.IPPiNCOTT.] 


OALIENTE   CREEK. 
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Estimated  monthly  dii^charge  ofCaliente  Creek,  etc.. — Continued. 


Month. 


1888. 

January 

Febmary 

March 

April _ . . 

May 

Jnne 

July -  - . 

Aiigrast 

September  _ 

October _ 

November  _ _.. 

December 

The  year 

1884. 

January  _ 

February 

March  .- 

April  _ 

May 

June  - 

July 

August 

September  _- .  _ 

Oc^tober 


Mean  dis- 
charge. 


Total  difl- 
charge. 


Run-off. 


Per  fKinare 
mile. 


Hec. 


feet. 

68 

68 

388 

212 

169 

0 

0 

0 

0 

42 

42 

68 


I 


Acre-feet. 

3,874 

8,499 

20, 788 

12, 615 

10, 391 

•0 

0 

0 

0 

2, 582 

2,499 

8,874 


83 


212 

1,269 

1,269 

846 

169 

212 

0 

0 

0 

0 


60,117 


18, 035 

72,994 

78,028 

50, 340 

10, 391 

12,615 

0 

0 

0 

0 


Sec-feet. 

0.15 

.15 

.80 

.50 

.40 

0 

0 

0 

0 

.10 

.10 

.15 


CALLOWAY  CANAL. 


.20 


.50 

8.00 

3.00 

2.00 

.40 

.50 

0 

0 

0 

0 


Depth. 

Inches. 

0.17 

.16 

.92 

.56 

.46 

0 

0 

0 

0 

.12 

.11 

.17 

2.67 

.58 

8.24 

8.46 

2.28 

.46 

.56 

0 

0 

0 

0 


See  Kern  River,  Calloway  eanal. 

CAMP  CARLTON  DITCH,  SAN  BERNARDINO  COUNTY. 


See  San  Bernardino  Valley,  Camp  C-arlton  ditch. 
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CANYADA  DEL  CORRAL. 
Discharge  vieasurement  of  Vanyada  del  Corrtd  Creek. 


Date. 


Hydrc^rnipher. 


Dl8^        , 

charge.  ! 


locality. 


Aug.  —,1889 


I 


G.  F.Wright 


i<ec.-feet. 

0. 15     Santa  Barbara  Ck>anty 


CANYADA  LARES. 
Discharge  measurement  of  Canycula  Lares  Creek. 


Date. 


Aug.  —,1889 


Hydrographer. 


charge. 


Locality'. 


G.  F.  Wright 


Sec-feet. 

0.08 


Santa  Barbara  County. 


CANYADA  REFUGIO. 

Discharge  mea^suretnent  of  Canyada  Refugio  CreeJc. 


Date. 


Hydrographer. 


Aug.  —,1889     G.F.  Wright 


Dis- 
charge. 


Sec-feet. 
0.31 


CANYADA  VERDE. 
Discharge  measurement  of  Canyada  Verde  Creek. 


Date. 


Aug.  —,1889 


Hydrographer. 


G.F.  Wright 


Dis- 
charge. 


Sec-feet. 
0.08 


Locality. 


Santa  Barbara  County. 


CAPITAN  CREEK. 
Discharge  measurement  of  Capitan  (El)  Creek. 


Date. 


Hydrographer. 


Dis- 
charge. 


Aug.  —,1889 


j  Sec-feet. 

G.F.Wright _..-!      0.23 


Locality. 


Santa  Barbara  County. 


LippiwcoTT.]       CABPEKTERIA    GREEK   AND    CARSON   RIVER.  61 

CARPENTERIA  CREEK. 
Discharge  measurement  of  Carpenteria  Creek, 


Date.  Hydrographer.  |  ci2^. 


Locality. 


Sec.'feet. 


Auk.  —,1889     G.F.Wright 0.08       Santa  Barbara  County,!   mile 

I  '      above  Placitas  Road. 

June  16,1900     R.  Moyer ,      .003  Do. 


CARSON  RIVER. 
EAST  FORK   CARSON  RIVER. 

This  branch  of  Carson  River  has  its  source  in  the  high  Sierra  of 
California,  and  flows  northward,  crossing  the  Nevada-California 
boundary  line  and  entering  Carson  Valley  at  Rodenbah's  ranch, 
about  20  miles  from  Carson,  a  little  east  of  south.  There  it  turns  to 
the  northwest,  and  a  short  distance  above  the  town  of  Genoa  unites 
with  the  West  Fork,  forming  Carson  River.  The  drainage  area 
above  Rodenbah's  is  414  square  miles  in  extent,  and  is  mapped  on 
the  Markleeville  and  Dardanelles  atlas  sheets  of  the  United  States 
Geological  Survey.  This  gaging  station  was  established  by  L.  H. 
Taylor  on  October  17,  1900,  at  the  place  where  measurements  were 
made  in  the  years  1890,  1891,  and  1892.  The  rod  was  an  inclined 
timber  securely  fastened  to  posts  set  in  the  right  bank  of  the  stream. 
The  bench  mark  was  on  a  basalt  rock  at  the  edge  of  the  stream,  20 
feet  from  the  gage,  and  was  at  an  elevation  of  6.3  feet  above  gage 
datum.  The  channel  at  the  station  is  straight  and  the  banks  are  high. 
The  stream  bed  is  of  cobbles  and  gravel,  and  is^quite  stable.  Meas- 
urements are  made  from  a  cable  and  suspended  car.  On  August  2, 
1901,  a  loose  rock  dam  was  raised  a  short  distance  below  the  gaging 
station,  which  affected  the  velocity  at  the  latter  point.  The  dam  was 
partly  washed  out  by  a  freshet  on  December  4,  1901.  On  March  10, 
1901,  a  new  gage  was  established  a  short  distance  downstream  from 
the  original  one,  which  had  been  destroyed.  It  consists  of  a  vertical 
timber  driven  into  the  stream  bed  at  the  right  bank  and  spiked  to  a 
Cottonwood  tree.  A  bench  mark  was  also  established  on  a  large 
granite  bowlder  20  feet  south  of  the  gage,  under  the  cable  from  which 
the  measurements  are  made.  Its  elevation  is  8.10  feet  above  the 
datum  of  the  gage. 
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[50.81 


DUcharge  measurtntieiitis  of  Ecust  Fork  Canton  River,  near  GartinerviUe,  Sir. 


I>ate. 


Mar.   10, 1901  '  L.  H.  Taylor. 

Apr.   30,1901  I do 

Jnne     4,1901    do 

June     9,1901  I do    

Sept.  29,1901  I do 

Nov.     7,1901    do 

Dec.    19,1901    do 


Hydro^mpher. 


Oace 

Fert 

Srr./,,!. 

4.00 

4-'» 

4.55 

^^ 

5.a5 

\,>f>' 

5.40 

i.:m 

3.70 

«i-r 

3.70 

«ii: 

3.40 

1.16 

(*  Approximate. 


Estiviuted   monthiy    discharge  of  East    Fork    Carson    River,    at    Gardfurrilh 

{Rodenbah),  Nev. 

[Drainage  area,  1,519  square  miles.] 


April 

May     

Jnne 

July  .   

August 

September 
Octol)er . . . 
November. 
December . 

January . 
February  . 

March 

April 

May 

June  -  

July 

August 

September 


Month. 


1890. 


1891. 


Mean  dis- 
cbarsre. 


Sec.  ft. 

1,026 

2,654 

2,4;30 

1,789 

597 

415 

386 

384 

379 

388 
402 
783 
452 
1,445 
1,328 
618 
408 
388 


Month. 


1891— Continued. 

October 

November  .  _ _ 

December 


The  year.. 

1892. 

January    _ . 

February 

March    

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  year. 


MflaB<i>- 
cbarK^ 


St. ft 
619 

:^^ 

4> 

i.i> 

m 

414 

4U. 

414 

1,«K 

6:" 
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For  f urt.ber  details  of  the  flow  of  East  and  West  forks  ot  Carson 
River,  see  the  Twelfth  Annual  Report  of  the  United  States  Geological 
Survey,  Pt.  II,  page  351. 


WEST  FORK,  CARSON   RIVER. 

This  stream  rises  on  the  eastern  slope  of  the  Sierra  Nevada  in  Cal- 
ilornia,  immediately  southeast  of  the  source  of  Truckee  River,  and, 
flowing  in  a  general  northeast  direction,  crosses  the  State  line  into 
Nevada  and  joins  the  East  Fork  near  Genoa,  in  Carson  Valley.  The 
drainage  area  is  mapped  on  the  Markleeville  atlas  sheet  of  the  United 
States  Geological  Survey.  This  gaging  station,  established  by  L.  H. 
Taylor  on  October  18, 1900,  is  about  three-fourths  of  a  mile  above  the 
post-office  at  Woodfords,  near  the  point  where  measurements  were 
made  in  1890, 1891,  and  1892.  The  gage  at  present  in  use  is  a  vertical 
timber,  but  it  is  only  temporaiy,  the  equipment  of  the  station  being 
incomplete.  The  channel  at  the  station  is  straight,  the  banks  are 
high  and  rocky,  and  the  bed  is  of  rock  and  gravel  and  not  likely  to 
shift.  Measurements  are  made  from  a  car  suspended  on  a  steel  cable 
across  the  stream. 

Discharge  viecUftirenwntH  of  West  Forky  Carson  River ^  near  Woodfords^  Cal. 


Dat4). 


Hydrographer 


Mar.  8, 1901   ■  L.  H.  Taylor 

Apr.  28,1901      do 

May  26,1901  , do 

May  31,1901  ! do 

Jiine  13,1901    do 

Sept.  21,1901    do 

Nov.  6,1901    do 

Apr.  22,1902 

May  13,1902 

July  3, 1902 

July  30,1902 

Aug.  6,1902 

Sept.  9, 1902 


Gage     !      DiB- 
heigbt.      charge. 


Feet. 
3.  30 
3. 95 
3.80 
4.05 
3.75 
2. 35 
2.60 


D.  W.  Hayes.. 

C.  V.  Taylor  .. 

D.  W.  Hayes.. 

....do 

C.  V.  Taylor  . . 
L.  L.  Richards 


Sec-fret. 
1.58 

«3.21 

2.85 

«3.50 

2.74 

.31 

.68 

182. 50 

422.50 

157. 60 

46.70 

53. 00 

40.00 


aApproximat^. 
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Estimated  monthly  discharge  of  West  Fork  Carson  River,  at  Woodfords,  CaL 

[Drainage  area,  70  nquare  miles.] 


Month. 


1890. 


April 

May 

Jtine 

July 

Ang^nst  ... 
September 
October . . . 
November - 
December . 


Mean  dis- 
charge. 


1891. 


January  . 
February 
March  ... 
April 


Sec.'ft. 

284 

657 

614 

380 

185 

75 

67 

49 

53 


52 

48 

61 

127 


Month. 


1891 — Con  tinned. 

May - 

June _. 

July _ 

August 

September 

October 

November _. 

December 


The  year 

1892. 

January 

February 

March 


Meand» 


Ser./l. 

534 

3^ 

1* 

63 

41 
pi 
43 

4: 
i> 

46 

6.*) 


Discharge  measurements  in  Carson  Rii^er  Basin. 


Date. 


Aug.     6, 1902 
Do 


Hydrographer. 


C.  V.  Taylor 
do 


Sept.     9, 1902     L.  L.  Richards 

Aug.    6, 1902  '  C.  V.  Taylor 

Sept.     9,1902  '  L.L.  Richards 


Dis- 
charge. 

Sec.  ft. 
0.72 


Locatioii. 


Indian  Creek  and  Harvey's  ditch. 

1.18     Hawkins    Creek,   one-fourth   milt- 
above  Hawkins's  honse. 

1. 10  Do. 

1.27  '  Petersons  Creek,  near  old  sawmilL 

.42  I  Petersons    Creek,    above     Cohn*? 
meadow. 


Aug.    6, 1902  I  C.  V.  Taylor 2. 84  '  Bruns  Creek,  month  of  canyon. 

Sept.    9,1902     Ij.  L.  Richards '      3.48  -  Do. 


CASCADE  CREEK,  TUOLUMNE  COUNTY. 

See  Stanislaus  River,  Cascade  Creek. 

CHERRY  CREEK,  TUOLUMNE  COUNTY. 

See  Tuolumne  River,  Cherry  Creek. 

CHINO  CREEK,  RIVERSIDE  COUNTY. 

See  Santa  Ana  River,  Chine  Creek. 


LIPHIKUOTT.J 
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CHOWCHILLA  CREEK. 

Estimated  monthly  discharge  of  Chotvchilla  Creek  at  tnuse  of  foothills.*^ 

[Drainage  area,  808  square  miles.] 


Month. 


1878. 
November  ... 
December 


1879. 

January 

February 

March 

April  _ . 

May - 

Jnne 

July 

August     

September  ... 

October  _ 

November  ... 
December  _ . . . 


The  year 

1880. 
January  .  .   . . 

February  

March 

April 

May  ^ 

June  '^  -  - - 

July  «'--- 

August  ^ 

September  ^ . . . 

October  ^ 

November  ^  ... 
December'' 


The  year 


Discharge. 


Maximum.  I  Minimum. 


"Sec-feet.    !    Sec-feet. 
0*.  0 


0 


140 

1,000 

760 

300 

140 

0 

0 

0 

0 

0 

0 

192 


1,000 

I 

18 
1,500  , 

91 
6,380  I 


0 
0 
0 
0 
0 


Mean. 


Run-off. 


Total  di8-  ' 
charge.  Per 

Hquaro 
mile. 


0 

0 
0 

o! 
11  I 

0 
0 
0 
0 
0 
0 
0 
0 


Sec-feet. 
0 
0 


8 
56 
63 
48  i 
14 

0 

0 

0 

0 

0 

0 
13 


0 

0 

0 

11 

0 


17 


d 
167 

1.266  . 
53 


4t 


0 

I 

0 
0 
0 
0 


0 
0 
0 
0 
0 
201 


Acre'feet. 

.Sec 

feet. 

0 

0 

0 

0 

492 

3,110 

3,874 

2,856 

861 

0 

0 

0 

0 

0 

0 

738 

11;931 


307 

9,006 

1,168 

75, 332 

3, 259 

1,607 

0 

0 

0 

0 

0 

12, 359 


145       103,638 


— J- 


0.08 
.21 
.24 

.18 
.05 
0 
0 
0 
0 
0 
0 
.04 

.06 


Depth. 
Inciiec. 

0 
0 

0.03 

.22 

.28 

.20 

.06 

0 

0 

0 

0 

0 

0 

.04 

.83 


.02 

.62 

.07 

4.72 

.20 

.10 

0 

0 

0 

0 

0 

.75 

.54 


M 

.67 

.08 

5.26 

.23 

.11 

0 

0 

0 

0 

0 

.86 

7.23 


a  Authority,  California  State  engineering  department 

frJEIstiniated  from  provloiw  mea-iure.neut*,  or  Iroji  riiii-ott  ol  neighboring  stream 


IRB  81—03- 
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Estimated  monthly  discharge  ofChowchilla  Creek  at  base  of  foot  hiiljf—Contmu^]. 


Montli. 


1881.« 


January  .. 
Febmary  . 

March 

April  . .  . . 

May 

June - 

July 

August  . . . 
September 
October . . . 
November 
December . 


The  year 

18S2. 

January  " 

February  

March.  - 

\.pril  <f 

May  <' 

June  « 

July  f 

August'' 

September  «... 
October '' . .  . . 
November  '^  . . . 
December  " . .   . 


Maximum. 


Dischai^e. 


Minimam. 


Sec.  feet. 


Mean. 


Total  di8- 
chari^. 


Run-off 


I       Per 
square 
mile. 


Depth 


Sec.'feet. 


0 
0 
0 
0 
0 
0 
0 


1.130 
10, 770 


0 
0 
0 
0 
0 


Sec. 


0 
0 
0 
0 
0 
0 
0 


0 
0 


0 
0 
0 
0 
0 


■feet. 

395 

375 

83 

11 

0 

0 

0 

0 

0 

0 

0 

27 


1, 


66 

54 

164 

168 

368 

54 

0 

0 

0 

0 

0 

53 

27 


The  year  ...    . . . .   \ 

«EMtimaU;d  fi*oui  previous  measuremonte,  or  from 


Acre-feet. 

18,139 

20, 826 

5. 103 

655 


1.10  1.21 


0 
0 
0 
0  , 


0 

0 

0 

1,660 

46,383 


1.40 
.31 
.04 

0 
0 
0 
0 

I 

U  I 
0 

.10 


3,  Ii30 

.30 

9,108 

.61 

71,818 

4.86 

15, 947 

1.00 

3,320 

.30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3, 154 

.30 

1,660  , 

.10 

1.46 

.:J6 

.04 

0 

0 

n 
li 
u 
(f 
II 

.12 


M 
l.li 


n 

U 
0 
il 
11 


v: 


149  j     108,327  .56  T.> 

run-off  of  nei9hlx>nn|p  stnnun. 


I^IPPINUOTT.'l 
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Eatimated  monthly  discharge  of  Chowchilla  Creek  atlmaeof  fot)thills — ^Oontinned, 


Month. 


1883. « 


January . . . 
February 
March  . . . 
April  ...    . 
May  .... 

June 

July 

August  .  _ . 
Septeml)er 
October . . . 
November. 
Dt^cember . 


The  year 

1884. « 

January 

February 

March  ... 

Ai)ril 

May 

June 

July _ . 

August 

Septemljer 

October 


Discharge. 


Maximum. 


Sec-feet. 


Minimum.  !    Moau. 


Sec. -feet. 


0  I 

0 

0 

0 

0 

0 


0 


I 


0 
0 
0 
0 
0 
0 
0 


Sec-feet. 

80 

53 

368 

134 

107 

0 

0 

0 

0 

0 

0 

0 


27 
1,340 
1,608  , 
1,073  ' 

804  1 

804 

268 


07  I 


Total  diH- 
char^o. 


0 
0 


Acre-feet. 

4,919 

3.943 

16,479 

7,974 

6,579 

0 

0 

0 

0 

0 

0 

0 


54  1      38,894 


1,660 
77, 078 
98, 872 
63, 788 
49, 436 
47,841 
16,479 

1,660 
0 
0 


Rnn-off. 


Per 

square 

mile. 


Sec-feet. 

0.30 

.20 

1.00 

.50 

.40 

0 

0 

0 

0 

0 

0 

0 


Depth. 


.20 

.10 
5.00 
6.00 
4.00 
3.00 
3.00 
1.00 

.10 
0 
0 


Inches. 

0.35 

.21 

1.15 

.56 

.4q 

0 

0 

0 

0 

0 

0 

0 

2.73 


.12 
5.39 
6.92 
4.46 
3.46 
3. 35 
1.15 

.12 
0 
0 


»  Estimated  from  previoub  meosuremeutj^,  or  from  runH>ff  of  neighboring  atream. 
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I.vo. 


CITY  CREEK. 

Dincharye  vwasuremcnts  of  City  Creek  at  mouth  of  canyon,  San  BenuinUhi 

County, 


DaUr 


Hydrug^rapher. 


tkc.-/rtt 


June  ll,18«J8 

Sept.  9, 1898 

Mar.  25,1899 

Aug.  25,1899 

July  12,1900 

Oct.  1,1900 

Apr.  7, 1902 

Sept.  4, 1902 


J.  B.  Llppincott 

do 

S.  G.  Bennett  . . 

do 

do 


W.  W.  Cockins,  jr 

S.  G.  Bennett 

W.  B.  Clapp 


&.^' 


.i: 
.11 

12.  "5 


NoTK.-  For  iiK^usuremente  (jf  sundry  small  canalH  from  CMty  Crook  in  San  Bernardino  T»n•^ 
sec  Santa  Ana  River  near  Cotton.    Detailed  de«K',riptiuns  {^ven  in  Wat4;r-Snpply  Paper  Nc  * 

COLD  Spring  canyon. 

Discharge  mcamiremeiittt  of  Cohl  Spring  Canyon, Santa  BarlKtra  County. 


Dato 


Hydrographer. 


Aug.   1:3,1897 

Do 

Sept.     6, 1897 

Do.         . 
Sept.  12.1897 

Do 

Oct.      2,1897 

Do 

Dec.      8,1897  ' 

Do 

Jan.    26.1898  , 

Do 


Montecato  Water  Co. 

.   ..do 

.    ..do 

..    -do 


do 
.do 
.do 
-do 
.do 
-do 
.do 
-do 


June  14. 1900     R.  Moyer 
Do _ do  ... 


Apr.  19,1898  Montecito  Water  Co. 
June  10. 1900     J.  B.  Lippincott 

Do do  ... 

Mar.  22, 189()     Montecito  Water  Co. 

Do    . .  - do      - . 

Aug.  — ,  1889     G.  F.  Wright 


Dis- 
cbarge. 


Sec-feet. 
0.66 

.08 

.31 

.06 

.31 

.09 

.28 

.09 


09 


Loc&lity. 


.09 


90 


.11 

.02 
.04 


oo 

•wo./ 


.41 
Dry. 

.06 
Dry. 

.23 


City  tunnel. 

Creek  at  falls. 

Citv  tunnel. 

Creek  at  falls. 

City  tunnel. 

Creek  at  falls. 

City  tunnel. 

Creek  at  falls. 

Citv  tunnel. 

Creek  at  falls. 

City  tunnel. 

Creek  at  falls. 

City  tunnel,  station  29-r  97. 

City  tunnel.  100  fet»t  from  hi-a>: 
station  29  ^  27. 

City  tunnel. 

City  tunnel  at  Portal. 
■  Creek  at  falls.  ' 
.  City  tunnel. 

Creek  at  falls. 


LIl*l»TNOOTT.] 
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COLDWATER  CREEK. 

I>iHi'harge  viettHurementH  of  Coldii^iter   Creeks  RiverHitle   County,  one-fifth  mile 

above  dam. 


I>ate. 

Hydrojcraphor. 

Dis- 
charge. 

Jan. 

4,1899 
18. 1899 
27, 1899 

3, 1899 
11,1899 
18, 1899 
24, 1899 

1,1899 
12.1899 
17,1899 
25. 1899 
31.1899 
14, 1899 
15,1899 
21,1899 
26, 1899 

5,1899 
13,1899 
17,1899 
29. 1899 
31,1899 
)o-. 

5, 1899 

7.1899 

F.  Rolfe      ... 

S ft'. -feet. 
0.82 

Jan. 

.do 

1.43 

Jan. 

.do  ...  .. 

.84 

Feb. 

do 

.99 

Feb. 

.do 

.97 

Feb. 

.do 

.78 

Feb. 

.do 

.94 

Mar. 
Mar. 

...  .do-. 

.do 

.92 
.71 

Mar. 

.do 

1.60 

Mar. 

do 

___ ___ 

1.18 

Mar. 

.do 

.84 

Apr. 
Apr. 
Apr. 
Apr. 
May 
Mav 

'        .do 

.68 

.         .do 

.62 

.do 

.26 

.do 

—  —        —_-•-.■■-*  —  ---•.—  —  .-...  —  ..  —  .-_«»«^.__            —  —  .. 

.38 

.do    - 

.37 
• 

do 

■ 

.21 

May 
M^av 

.do 

.21 

.do 

.27 

May 
E 

do 

.38 

do 

.30 

-Til  Tie 

, do 

.30 

June 

1 'i.iv^ 

do 

' 

COLORADO  RIVER. 


Discharge  measurement h  of  Colorado  River. 


Gafce  Dis- 

b  eight,      charge. 


LfH'alitv 


St'r.fvft. 
18,410 
11,610 
7,659 
9, 737 
21,094 
45. 53:^ 
57, 903 


Stones  Ferry. 
Camp  Mohave. 
Ynnia. 

Do. 

Do. 

Do. 

Do. 
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[so  H 


IHscharge  meagurementft  of  Colorado  River — Ccm tinned. 


Date. 

Hydrographer. 

Gage 
height. 

Feet. 

DlR- 

c*han?e. 
Sec-feet. 

LKM^lity. 

Aug.  18,1901 

H.  G.  Heisler 

20.71 

18,683 

Yuma. 

Jan.      0, 1902 

J.  B.  Lippincott 

17.2 

3, 6»7 

Do. 

Feb.    20,1902 

S.  G.  Bennett 

17. 15 

3,  'AH9 

Do. 

May    30,1902 

do 

2:? 

:}8.400 

Do. 

July     9, 1902 

do .- 

20. 52 

14,799 

Do. 

July     7, 1902 

W.W.FoUett    .... 

21.06 

18,350 

Do. 

Oct.     11,1902 

S.  G.  Bennett 

18. 5 

6, 030 

Do. 

Oct.    14,1902 

R.P.H.Laney  .-- 

17.9 

4,798 

Do. 

Oct.    17,1902 

-do 

17.5 

3. 5.59 

I>o. 

CkL    21,1902 

do - 

17.6 

4. 203 

Do. 

Oct.    24,1902 

-do 

17.5 

3. 547 

Do. 

Nov.    12,1902 

S.  G.  Bennett 

17.4 

3,614 

Do. 

Nov.    13.1902 

.   a\o      . 

17.5 

3, 865 

Do. 

Nov.    15,1902 

W.D.Smith. 

18.55 

5, 276 

Do. 

Nov.    18,1902 

-do 

18. 05 

4,213 

Do. 

Nov.   20.1902 

..   -do         

18 

4,368 

Do. 

Nov.   22,1902 

..     -do      

18.10 

4.600 

Do. 

Nov.   24,1902 

do 

18.45 

•  5,500 

Do. 

Nov.   26,1902 

...do 

18.40 

4,979 

Do. 

Nov.   28,1902 

do 

18. 50 
20 

5,544 
12,596 

Do. 
Do. 

Dec.      1.1902 

do       

Dec.      3, 1902 

do . 

19.25 

7, 862 

Do. 

Dec.      5, 1902 

..do 

18.85 
18.3 

6, 347 
4, 825 

Do. 
Do. 

Dec.      8. 1902 

.-do 

Dec.    10,1902 

do    . _. 

18.2 

5,081 

Do. 

Dec.    12,1902 

.  ...do 

18 

4.669 

Do. 

Dec.    15,1902 

do 

17.65 
17.5 

3,818 
3, 589 

Do. 
Do. 

Dec.    16.1902 

do 

Dec.    18,1902 

do    ..   - 

18. 3 

5, 361 

Do. 

Dec.    19, 1902 

-...do    

18.05 
18.05 

4,607 
5,2:^7 

Do. 
Do. 

Dec.    20,1902 

do 

Dec.    22.1902 

do 

■t  ft     r« 
It.    t 

4,698 

Do. 

Dec.    24,1902 

..   -do 

18 

4,  vS63 

Do. 

Dec.    26,1902 

do    

18.1 

5, 356 

Do. 

Dec.    27,1902 

do      - 

18.3 

5. 497 

Do. 

- 

Dec.    29, 1902 

do 

18 
17.7 

4,5a8 
4,176 

Do. 
Do. 

Dec.    31,1902 

do 

T.ippTNcoTT.]  COLORADO   RIVEB. 

Estimated  inonthly  discharge  of  Colorado  River  at  Yuma, 
[Drainage  area,  285,049  aqoare  miles.] 
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Month. 


Discharge. 


Maximum. 


1902. 

January 

Febmary 

March 

April   

May 

June 

Jnly .   . 

August 

September 

October  _ 

Novt  mber 

December ...    . 

The  year 


59, 200 


Minimum.      Mean 


Sec-feet. 

Sec-feet. 

4, 520 

3,230 

4,720 

3,300 

5,340 

4,340 

11,400 

4,340 

59, 200 

11,400 

56,200 

29,000 

27,000 

5, 130 

5,560 

3, 280 

8,360 

3, 050 

6,600 

3, 140 

5,540 

3,140 

12,600 

3,590 

Sec-feet. 

3, 727 

3, 955 

4,903 

6,179 

35, 961 

42, 520 

12,527  ; 

4,ias  ■■ 

3,819  ; 
4,299  I 
4,187  ' 
5,412 


Total  dis- 
charge. 


Acre-feet. 
229, 164 
219, 650 
301,474 
367, 676 

2,211,156 

2,530,115 
770, 255 
257, 203 
227, 246 
2«4, 335 

.  249,144 
332,771 


Run-off. 


Per 

square 

mile. 


Sec-feet. 
0.017 
.018 
.022 
.027  ; 

I 

.160 
.189 
.056 
.019 
.017 
.019 
.019 
.025 


3, 050 


10,973  :  7,960,189  I       .049 


Depth. 


Inches. 

0.020 
.019 
.025 
.030 
.184 
.211 
.065 
.022 
.019 
.022 
.021 
.028 


.666 


jyischarge  measurements  of  Colorado  River  at  Bxdls  Head  Canyon, 


Date. 


Hydrographer. 


jjec^. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 


5,  1902  J.  T.  Whistler 

10,  1902  L.  M.  Earnes  . 

13,  1902  I do  .- 

17,1902    .....do _- 

20,1902    do 

24,1902       ...do 

29, 1902    do 

31,1902    do 


Gage 
leight. 


heig 


Dis- 
charge. 


Fiet, 

Sec-feet. 

3 

.    5,786 

2.65 

4, 051 

2.^5 

3,222 

2.95 

4,138 

3.50 

4,792 

3.23 

4,939 

2.45 

3,366 

2.20. 

2,913 

COLTON  CITY  AND  COLTON  TERRACE,  SAN  BERNARDINO  COUNTY. 

See  San  Bernardino  Valley. 

CONVICT  CREEK. 


See  Owens  River,  Convict  Creek. 
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CALIFORNIA   HYDROGRAPHY 


[xo.^1 


COSUMNES  RIVER. 

DiHcharge  inewnirementH  of  CosiinuieH  River,  EUiorado  County. 


Dato. 


H  y  drographer . 


Sept.  16,1899     S.G.  Bennett 

I  • 

Do. ' do 

I 

Sept.  12,1900  ! do 


Locality 


Do 


do 


Bridge  near   Latrobe.  Jackie 
roMi. 

Ditch  on  soath  side  of  LatP*!**. 
Jackson  road. 

1.7  I  Bridge  near  Latrobe.  Jacks  »n 
!      road. 

8. 7     Ditch  on  south  aide. 


EHtimated  vumihly  dincharqe  of  Cosumnes  River  at  X»tiv  Oak  Suapetution  Brithjr. 

Sacramento  Count y,<^ 

[Drainnire  area,  580  aqnare  miles.] 


Month. 


November 
December . 


1878. 


Run-off. 


Meandls 
chaise. 


Total  dis 
charge. 


1879. 


January  . . 
February  . 

March 

April 

May 

June   . .  -  . 

July  . 

August  . . 
September 
October  . ,  _ 
Noveml)er . 
December . 


Sec  -feet. 

29 
29 

290 

1,218 

1,740 

3, 132 

3,248 

3.480 

422 

116 

23 


52 
406 


Per  sQoare 


nil 


mile 


Acre-feet. 
1,726 

1,788 


sue.  ft^t. 

0.05 
.05 


Depth 
huckti. 

.1* 


17,831 

67, 644 

106,988 

186,367 

199.712 

207, 074 

25, 948 

7, 133 

1.369 

1 ,  045 

3.094 

24,964 


The  vear 


1,179  I      849,169 


.50 
2.10 
3 

5. 40 
5. 60 
G 
.73 
.20 
.04 
.03 
.09 
.70 

2.03 


(•..4'*. 


27.48 


a  Authority,  Califomia  Statt^  eiiKineeriii^  deiiartment     EHtimated  from  run-oil  of  nei|rfal">nr.' 
drainage  liamnB. 


I^IPPTTUCOTT.] 


COaiTMNES    RIVKR. 
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Kutimateii  mouthfij  (Uncharge  of  (Umumtiett  Rii^r,  etc. — ContiniKMl. 


Month. 


laso. 

January 

February  .  _ 

March 

April  .  _ 

May 

June 

Jnly 

An^nBt  _ 

September 

October 

November 

December 

The  year 

1881. 

January  _ 

February 

March ' 

April . 

May 

June -  - 

July '...- 

AugUHt  -  _ 

September  _ .     

October  .  _ -  - 

November. 

Det'ember 

The  year  .  _ 


Run-off. 


Mean  di»- 
charge. 


Sec-feet. 

233 

441 

606 

4, 582 

5, 104 

6,090 

'  2,726 

348 

29 

17 

12 

290 


Total  dia- 
chargre. 


Acre-feet. 

14, 265 

25, 367 

42, 795 

272, 648 

313,833 

362,380 

167,615 

21,398 

1,726 

1,045 

714 

17,831 


Per  sqiiare 
mile. 


Sec.-feet. 
0.40 
.76 

1.20 

7.90 

8.80 

10. 50 

4.70 

.60 

.05 

.03 

.02 

.50 


1,714     1,241,617 


f.  ' 


2.96 


Depth. 
Inches . 

0.46 

.82 

1.38 

•  8.81 

10.15 

11.71 

5. 42 

.69 

.06 

.03 

.02 

.58 


40.13 


1,624 

99,856  , 

2.80 

3.23 

3,074 

170, 721 

5.30 

5.52 

1,102 

67,759 

1.90 

2.19 

3,190 

189,818 

5.50 

6.14 

3,074 

189,013 

5.30 

6.11 

1,218 

72,476  , 

2.10  ; 

2.34 

174 

10,699 

.30 

.35 

87 

5, 349 

.15 

.17 

87 

5, 177 

.15 

.17 

58 

3, 566 

.10 

.12 

174 

10,  3.'j4 

.80 

.33 

522 

32, 097 

.90 

1.04 

1,199 

856,885  , 

2.07 ; 

24.  ll 

74  CALIFORNIA    HYDROGRAPHY. 

KHdtudted  monthly  discharge  of  Cotfumnes  River,  etc, — Continued. 


[so 


Month. 


!S82. 


January  . 
February 
March    . 

April 

May  - .     . 

June 

July    

August  ..- 
September 
October . . . 
November 
De<.'eml)er 


Tlie  year 


I.SH3. 


January  .. 
February  . 

March. 

April 

May 

June .  - 

July 

August  ... 
September 
Octol)er . . , 
November 
Deoeml)er . 


The  year 


Run 

-ttii 

Mean  dis- 
chargee. 

Total  dis- 
charge. 

Per  sai&an'' 
mile. 

DeptlL 

Sec.'/eet. 

Ar$-e-/eet. 

Srr.-fret. 

iHckri. 

522 

32,097 

0.90 

IM 

522 

28,990 

.90 

M 

1,740 

106,988  : 

3 

3.46 

2, 320 

138,050  ' 

4 

AM 

4, 524 

278, 170 

7.80 

s.w 

2,900 

172,502 

5 

.>..>'* 

096 

42, 795 

1.20 

l.A> 

580 

35, 663 

1 

l.l". 

52 

3,094 

.09 

.!•' 

232 

14, 265 

.40 

.-!« 

100 

5, 950 

.17 

.lii 

100 

1,191 

_ 

6,149 

.  li 
2. 05 

864, 773 

348 

21,398 

.6() 

.ty 

290 

16, 106 

.50 

.5. 

522 

32,097 

.90 

\M 

1,740 

103, 537 

3 

:^.:i' 

3,480 

213, 977 

6 

6.iri 

2, 320 

138,050 

4 

4.4*'. 

580 

a5, 663 

1 

i.r» 

232 

14, 265 

.40 

.4*5 

87 

5, 177 

.15 

.i: 

87 

5, 349 

.15 

.i: 

116 

6,902 

.20 

116 

7,133 

.20 

1 

.e:; 

827 

599, 654 

1.43 

19.  > 

r-TI»PIN<»OTT.] 


CUCAMONGA    CREEK. 


75 


IJstirnated  monthly  discharge  of  Cosumnen  River,  etc. — Continued. 


•Tanxiary  . 
Fel>rTi»ry 

March 

April 

May . 

•Tniie 

July 

AxiK"st  . 
Sei>teTQl>er 
C)i-tol>er 


Month. 


1884. 


Run-off. 

Mean  dis- 
charge. 

Total  diH- 
charge. 

Per  flnuare 
mile. 

Depth. 

Sec. -feet. 

Arre-feet. 

Sec-feet. 

InrheH. 

145 

8,916 

0.  25 

0.29 

1,740 

100, 086 

3 

3.24 

3,480 

213,977 

6 

6.92 

i         3,480 

207, 074 

6 

6.69 

2,900 

178,314 

5 

5. 76 

'         2, 320 

138, 050 

4 

4.46 

2, 320 

142,651 

4 

4.61 

580 

35, 663 

1 

1.15 

116 

1 

6,902 

.20 

.22 

87 

. 5, 349 

.  15 

.17 

CO^V  CREEK,  TUOLUMNE  COUNTY, 


See  St-iuiislaiis  River,  Cow  Creek. 


CUCAMONGA  CREEK. 
IHsrharge  itteastureinents  of  Cucamonga  Creek,  San  Bernardino  County, 


I>at«. 


Hydi-ographer. 


Jnly 

Oct. 

Apr. 


26, 1898     F.  H.  Olmsted 
11,1900     S.G.Bennett. 

7.1901     do  

3.1902 do 


Di«- 
charge. 


Sec. -feet. 

1.04 
1.08 
2.06 
4.80 


Locality. 


Head  works  in  cimyon. 
Do. 
Do. 
Do. 
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[SOfil. 


43 

2 

08 

O 
> 


'o 


^1 


§ 

c 


0 

08 

CO 

I' 

08 

>"«^ 

^ 

1 

a 

'« 

Q 

7:$ 

•p-t 

mm 

<y 

^M 
0 

00 

on 

Cfe 

<(j 

c 

^ 

S 

0 

B 

t> 

^ 

t^ 

^ 

■w 

p 

^ 

C/i 

*^* 

SC 

%. 

0 

**«* 

a 

be 

ft 

0 
A 

V 

m 

f»a 

^ 

o 


I 

p 

o 


OS 

.a 

c 


Pi 

s 

a 


•«inH 


'ao9 
-iKWHnoiAOJd  aivH 


»- 


s  as  f3  £  IS 

'  s  v;  § 


SI 

9 


eS 


M   S5   itS  ^    9) 

^-  s  t  i  i 


-(16  oAoqv  lonaii') 
pan  fiiioM  n^''^o)8 


6 

•d 

J  i  no  g  -ox   pnanx 

^ 


9t 

3C 


S  JS  s  $ 

2;  J::  »  S    i  2 


QO     «C    CC     50     ^£d 
b-     t-    I-     I"     l-- 

cs     QD     CD     Q&     Q^^ 


•  O  32  9)  -M 

■  I-  O  X  ■* 

'  •  •  •  « 

;  |;  a  ^  {S 

3  S  ^  S  S 

•  •  •  *  • 

<-t  -H  ^^  O  »4 


i;  pn«  T  "SON 


S 


5 


2=  $ 


is 


oo 


r  2  3  $  SS 

^tar  ■  •  •  « 

'*-'  »«  »«  ec  ■••■ 

8  S  SS  S  *^  ^ 

•  •  •  ■  ■         • 

2  »«  L:  fi  c:  =« 


./Qm  *«aonap\^ 


J?   ox  lauun^j  JO 
q^ROMii:^joa  JSaudg 


moj, 


;  11  o  q :( t  M    iw»o X 


^ 

^ 


S  «   85 

•  •  • 


•  35  So  iS  95  t-~ 

2.  s  §8  5  r^  « 


I- 


s? 


^  3  S  s  ;2) 

^'         ■  ■         » y 

90    09    00    OC    OQ 


@ 


k9 


2g 


3  S  S  {3  S 

•              •  •  ■  a 

ie  te  155  id 

o   ■^  ^  3d  ro 

•     «  •  •  • 

^  ^  §  1 


M 


I 


I  ow 


a;   I         J»fl8Io;Joud 


CO   o 

•  • 


9  s  S^  $ 

2S  5  ?J  K 

S  S  gi  H  :S 

S  88  Sg  S  ^ 


«  I  -puan) 


3 


8  S  S  ^  JS 

•       •       •        ■        • 

»j  ce  5s   s    — 


vjiouoi.)  vajqo 


-an;  a  pn«  onii 
ipui-9i  'l>*oq  Aia 

9011  q-^ai-()e 


f2 


to 


5 


I'. 


8  2  Vi  3^  55 

o   00  CO  t^   ad 


w     ^^     I'*     c^     ^* 

S3  »  lO  t.'S   o 


3  S  S  I  g 


$ 


3 


s  s  s  s  s 
^  ^  3  i  1 

<^    rl     -^    «     51 


X 

"a 


» 


t 


9i  ^ 


s 


fc: 


■    31 


!^ 


^  2  £ 
^  :S  ^ 


M 


as 


s 

s 

a* 


15^ 


X     «^ 


IS  :s 


& 


O  r   o  o 


bi  (-s  H 


o 


a;  B  ^  •«.  ' 


X 

2  ^  ^i  ^. 


?5        5^ 


« 
« 


•f> 


?i 


'J2 


^  _•*  __y     ^     ^     «k      »      IB 


Z 


"^      ^H      ^H      — •      ^^        W      (-M         ft- 


51 


I^IPPINCOTT.l 


cue AMONG A    CREEK. 


77 


fe 

^ 

K 


»a 


s 


a 


s 


^ 


^ 


8 


i» 


8 

o 


8 

d 


CO 


c  o 


8 


8 

c 


■  • 

^  8 


•>* 


^  8 

OS   «-■ 


a: 


«        • 

8  ^ 


o 


« 

y 


$ 
u 


3 


ao 


CO 


3 


8 


4) 

a 


si 


8 
I- 


$     8 


ee 
cc 


(3» 
«' 


S 

d 


oc 
ec 


O 


a 


H 

9 
Q. 


ft 

as 


t- 


s 


s  s 


8  S 

S  8 

•  • 

^  5 


■4^ 

it) 


)C 


o 


I- 


s 
n 


8 


8 
1-^ 


8 

^ 

8 

I- 

£ 


s 


B      ^ 


o 


.ft 


So 


fa 


ee  eS 


'd 
06  a 


I- 

ao 


-M 


08 


8      9 

*        eS 


d  cc  «♦      '-^    r:     IS 


^    bO    6ft 

a  0  o 
<  <  < 


<    ^    ^ 


p. 


00 


QIC 

fa 


1< 

fa 


5  o     A  ^ 

-^fa£^s 

g  e  o  a,  o 


.d 


ni 


2  o 


o  0^ 

d^  ^  •  , 

S  g,  <i>  ^  oj  >, 

eS  d  H^  :j  0 


I  '^ 


ge 

d 
s  - 

.2» 

.3;s  d  a  d  • 

.d  08  d  o  0^  A 


'C 

d 

d 

d 
m 


78 


CALIFORNIA    HYDKOGRAPHY. 


'!«o  M. 


Discharge  measurementn  of  trihutarieH  of  Cncamonga  Creek  around  Riil  HilU 


Date. 


Hyditifirraphor. 


Sept.     9, 1898 

Di) 

Do 


O.  J.  Sutton 

do 

do 


Total 


Aug.  29, 1899  |  S. «.  Bennett 

July    11,1900     S.G.Bennett 

Do. do 

Do do 

Do. ' do 


Total  from 
Red  Hills. 


Difr 
charge 


Locality 


Sec-feet. 

2. 30     Springs. 

3.80  I  Tunnels. 

1 .  80     Artesian  wells. 


6.80 
3.48 


From  Stowell  vr*»lls  to  C)ntan< 


4. 08     East  side. 

3. 97     West  side. 

3.13  I  San  Antonio  water.  Haskell  wtfl! 

1 .  73     Sixteenth  street  wells, 

10.85 


DALEY  DITCH,  SAN  BERNARDINO  COUNTY. 

See  Shu  JierniMilino  Valley,  Daley  ditch. 

DEER  CREEK. 

Estimated  monthly  dheharge  of  Deer  Creek,  Tulare  Cotniti/y  at  Iniffc  of  foothiU 

[Drainage  area,  110  fiquaro  miles.] 


Rnn-<>ff. 


Month. 


Mean  din-    |    Total  diH- 
cbarge.  charge. 


•  Per  HQiiArc 
m: 


^r^'       I>.,. 


1878. 


I  jSeom</-/(ce/.  ,     Acre-feet.     •  Second -/"re  t.        Jnrkf 


November. 
Dec-ember 

January . . . 
February  . 

March 

April  _.. 
May  - .   _ 
June.  -.. 
July  .     . 
August  .  _ . 
September 
October 
November 
De(*ember  _ 


0  ' 
0 


0 
0 


I 


1879. 


I  — 


The  vear 


9 
15 

8 
38 
30 

I 

0 
0 
0 
0 

39 ; 


.)5 


14 


558 

833 

493 

1,666 

1,330 

•    417 

0 

0 

0 

0 

1,736 

3.383 

10.399 


0 
0 

O.OS 
.  14 
.07 


.18 
-116 

0 

0 

0 
.26 

.50   i 

.13 


.15 


•11 


a  Authority,  California  State  engineering  department.   Estimated  from  ran-off  of  nei(rhU-rr . 
streams. 


L.IPPIKtX>TT.] 


DEER    CKEEK. 
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EHtimateil  monthly  discharge  of  Deer  Creek,  eiv. — Continiiwl. 


T 


Mtmth. 


Mean  dis- 
charge. 


1880. 


January.- . 
February  . 

March 

April 

May  - 

June 

July 

Au^rust  - . . 
Sei)teinber 
October  _ . . 
November . 
December . 


The  year 


1881. 


January — 
Februar>' 
March  _    . . 
April  . .  — 

May 

June 

July 

August  — 
September 
October . . . 
November 
DecemlKjr  . 


Secotul-fei't . 
133 
353 
386 
310 
320 
55 
6 

0 
0 
0 


.>o 


112 


Run-ofT. 


Total  dlH- 
charge.      '  p^^. 


nare 


mile 


Depth. 


Icre-ft'et.    i  Second-feet. 

8,116 

14, 553 

17, 5a5 

18, 983 

13,527 

3,373 

369 

0 

0 

0 

1,309 

3,383 


81,096 


I 


d-feet. 

Inches. 

1.20 

1.38 

3.30 

2.48 

3.60 

3.00 

3.90 

3.34 

3.00 

3.31 

.50 

.56 

.05 

.06 

0 

0 

0 

0 

0 

0 

.30 

.33 

.50 

.58 

55 

3,383 

110 

6,109 

110 

6,764 

110 

6,  .>45 

110 

6,764 

55 

3,373 

0 

0 

0 

« 

0 

0 

0 

0 

0 

^ 

33 

1,414 

1.03 


.50 

1.00  ' 

1.00  I 

1.00 

1.00 

.50 

0 

0 

0 

0 

0 

.31 


13.83 


.58 

1.04 

1.15 

1.13 

1.15 

.56 

0 

0 

0 

0 

0 

.34 


The  year 


48 


34, 351 


.43 


5.84 


80 


CALIFORNIA    HYDROGRAPHY. 


[so  A 


Estiviated  monthly  discharge  of  Deer  Creek,  etc. — Continued. 


Month. 


1883. 

January  .  

February 

March 

April  .. 

May  -  -  - -  -  - 

June 

July 

August 

September 

October    

November 

December 

The  year 

1883. 

January 

February 

March 

April 

May 

June  - - 

July  _ 

August  

September . 

October  . .     

November 

December 

The  year      . . 


LlI»^INCOTT 


DEER   CREEK. 
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Estimated  monthly  discharge  of  Deer  Creek,  etc. — Continned. 


Uonth. 


1884. 

Jazmary 

Fe1>ruBry 

Marcli 

April 

May 

June 

Jnly  - 

August  - 

September 

Octol>er    


Meandis* 
charge. 


Second-Je^t. 

55 

880 

880 

220 

44 

55 

0 

0 

0 

0 


Total  dis- 
charge. 


Acre-feet. 

8,882 

18,082 

20,291 

18,001 

2,705 

8,278 

0 

0 

0 

0 


Run-off. 


Per  BQTiare 
mile. 


Second-feet. 

0.50 

8.00 

8.00 

2.00 

.40 

.50 

0 

0 

0 

0 


Depth. 


Inchet. 

.    0.58 

8.24 

8.46 

2.28 

.46 

.56 

6 

0 

0 

0 


DINSMORE   CREEK. 
Discharge  measurement  of  Dimniiore  Creek,  Santa  Barbara  County. 


Datv. 


AufiT.  — .  1^^ 


Hydrographer. 


G.  F.  Wright 


DOBBINS   CREEK. 


Discharge  measurement  of  Dobbins  Creek,  Yuba  County, 


E>ate. 


Apr.    29,  1901 


Hydrographer. 


F.  S.  Hyde 


(I  Estimated,  at  dam. 


Dis- 
charge. 


Sec-feet, 
0.23 


Dis- 
charge. 


Sec-feet. 
<i224 


DOS   PUEBLOS   CREEK. 
rHscharge  measuretnent  of  Dos  Pueblos  Creek,  Santa  Barbara  County. 


I>Ate. 


Au|5-   — .  tSS9 


Hydrogi*apher. 


G.  F.  Wright 


Dis- 
charge. 


Sec-feet. 
0.54 


IKR  81—03- 


-6 


82 


CALIFORNIA    HYDROGRAPHY. 


[.^0  Pl 


DRY  OR  JACKSON  CREEK. 

Estimated  vwnthly  discharge  of  Dry  Creeks  San  Joaquin  County,  at  base  of 

foothills,  o 

[Draina^  area,  283  square  mileB.] 


Month. 


1878. 


November 
December  . 

January . . . 
February  . 

March 

April  ...   . 

May  -    

June 

July 

August  ... 
Septeml)er 
October  . . . 
November. 
December  _ 


1879. 


The  year 


1880, 


January  . . 
February  . 
March  . . . 

April 

May  ...   . . 

June    

July 

August  . . . 
September 
Octol^er  - . . 
Novv^mber. 
December  . 


The  year 


Mean  dis- 
cbarge. 


RunHxff. 


Total  dis- 
charge. 


I 


Per  square 
mile. 


Second-feet. 
0 
0 


Acre-feet. 


127 

140 

354 

2,264 

879 

118 

15 

6 

0 

0 

0 

142 


337 


0 
0 


84 

425 

849 

425 

113  ' 

57 

15 

0 

0 

0 

0 

198 

181 


6, 165 

23,603 

52, 203 

25,289 

6,948 

3,392 

922 

0 

0 

0 

0 

12, 175 

129, 697 


7,809 

8,053 

21,767 

134,717 

54,048 


6,724 

922 

369 

0 

0 

0 

8,731 

243, 140 

0 
0 


0.30 
1.50 
8.00 
1.50 
.40 
.20 

.05  , 

t 

0 

0  i 

0 

.70  I 
.64 

I 

.45 

.49 

1.25 

8.00 

3.11 

.40 

.a5 

.02 
0 

I 

0  ! 

0 
.50 

1.19 


Depth 


Second-feet.      Inditt 


0 
f- 


0.:V. 
1..V 

l.fT. 

I 


>.* 


1  4J 


It 

I'. 
i 
i 


16 


"Authority,  California  State  engineering  department    Elstimated  from  mn-ofF  of  nei^t^-r 
ing  Htreams. 
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Estimated  monthly  discharge  of  Dry  Creek,  etc, — Continued. 


Month. 


1881. 


January.. . 
Febmary  . 

March 

April 

May 

June 

July 

August  ... 
St^ptember 
O(*tol)er  _  _ . 
N()vemT)er 
Dwrember  . 


The  year 


1882. 


January . . . 
February  . 
March  . . . 
Ai)ril  - . . . . 

May 

June    

July  - 

August  . . . 
Septeml^er 
October  . . . 
November. 
Deceiulx»r. 


Bnn-off. 


Mean  dls- 
charjre. 


Second'feet. 

879 

1,557 

566 

566 

118 

42 

0 

0 

0 

0 

254 


336 


Total  dis- 
charge. 


Acre-feet. 

54,048 

86, 471 

84,802 

33, 679 

6.948 

3.499 

0 

0 

0 

0 

3, 392 

15,618 

237. 457 


Per  sanare 


mile. 


Second'feet. 

8.11 

5.50 

2.00 

2.00 

.40 

.15 

0 

0 

0 

0 

.20 

.90 


The  year 


254 

15,618 

283 

15.717 

849 

.52, 203 

566 

33. 679 

57 

3, 505 

0 

0 

0 

0 

0 

0 

15 

S93 

3, 505 

84 

4,998 

84 

5, 165 

187 

135,283 

- 

—      ■T'T.     _   _   _ 

1.19 

.90 

1.00 

3. 00 

2.00 

.20 

0 

0 

0 

.05 

.20 

.30 

.30 

.66 


Depth. 

Inches. 

8.59 

5.78 

2.81 

2.28 

.46 

.17 

0 

0 

0 

Q 

.22 

1.04 

15.75 

1.04 

1.04 

3.46 

2.23 

.23 

0 

0 

0 

.06 

.23 

.33 

.35 

8.97 
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Estimated  monthly  (Uncharge  of  Dry  Creek ^  etc, — Continaed. 


Month. 


1888. 


January... 
February  . 
March  — 

April 

May 

June 

July 

August 

September 
October . 
November 
December  . 


Mean  dis- 
charge. 


Second'/eet, 

168 

141 

254 

288 

168 

0 

0 

0 

0 

15 

■    0 

15 


The  year 


1884. 


January . . . 
February  . 

March 

April 

May 

June 

July 

August  .,. 
Septeml>er 
Octol)er . . . 


87 


143 

1,132 

1,132 

879 

168 

283 

0 

0 

0 

0 


Rnn-off. 


Total  dis- 
charge. 


I 


Acre'/ett. 

10,830 

7,881 

15, 618 

16,840 

10,830  , 

0 

0 

0 

0  . 
022  I 
0  ' 
922 

6:5, 793 


8,731 

65,113 

69,604 

52,304  , 

10,330 

16,840 

0 

0 

0 

0 


Per  sqxiAre 
nule. 


SecmtO-feet. 

0.58 

.50 

.90 

1.00 

.59 

0 

0 

0 

0 

.Oo 

0 

.a5 


31 


.50 

4.00 

4.00 

3.11 

.59 

1.00 

0 

0 

0 

0 


Defpth. 

bkckef 

O.GS 

.55 

1.M 

1.12 

.$8 

0 

ii 

.!•' 
<• 

.<^ 
4.16 


4-»iI 
3.4T 

l.l: 
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EAST   RIVERSIDE  WATER  COMPANY,  SAN   BERNARDINO  COUNTY. 

Se(^  Sail  Bernardino  Valley. 

EATON  CANYON. 
Discharge  vieatntrevients  of  EaUm  Canyon^  Los  AngeleR  County. 


Date. 

Jan.     11,1899. 
Ck't,     18,1898 

Do 

Do.- 

Do 

Nov.    14,1898 


Hydrog^rapber. 


DischaTfre. 


E.  P.  Dewey 

J.  B.  Lippincott. 

do 


do 
do 
do 


Sec. -feet. 

0.50 
1.87 

.04 

.10 

.10 

2.11 


L<K'ality. 


Near  falls. 

Water  from  large  wells  in  Ea- 
ton Wash. 

Around  superintendent's  house 
and  l)am8. 

San  Gabriel  water. 

Dairy  well. 


ELEANOR  CREEK. 

See  Tuolumno  River,  Eleanor  Creek. 

FALLS  CREEK. 

See  Tiiohirane  River,  Falls  Creek. 


FALL  RIVER. 


See  Pit  River,  Fall  River. 

FEATHER  RIVER. 
Diftcharge  measurements  of  Feather  River,  Butte  County, 


Date. 


Hydi*oBrrttpher. 


Feb.    18,1879 


State    engineering 
department. 


May  13,1879  do 

Feb.  19,1879  do 

Aug.  31,1879  do 

Nov.  12,1879  do 

Mar.  6,1879  do 

Sept.  1,1879  do 

July  16,1879  do 

Ang.  27,1879 

Sept.  1,1879 

Sept.  7, 1901 


do 

do 

S.  G.  Bennett 


Sept.   18,1900 
Sept.     6, 1901 


do 
do 


Gaffe 
height. 


Feet. 


Dis- 
charge. 

Locality. 

Sec-feet. 
21,000 

Hennesseys. 

15, 000 

Do. 

12,000 

Hurts  Ferry. 

1,200 

Do. 

2,700 

Do. 

56, 000 

Marysville, 

1,200 

Do. 

1,900 

Near  mouth. 

1,200 

Oroville. 

1,800 

Below  mouth  of  Yuba. 

34 

West  Branch  of  NorthFork, 
Cherokee  Pii)e  Crossing. 

1J23 

Oroville  Bridge. 

1,220 

Do. 
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DiAcharge  meafnireme7it8  of  Feather  River,  Butte  County — C<»iitinue<I. 


Date. 

Hydrographer. 

1 

)     Gaffe 
heigiit. 

Di»- 
<;harfre. 

Sec-feet. 
1,960 

1 

I^K-^lity. 

Jan.    29,1902 

Feet, 
S.G.  Bennett      

Oroville  Bridge**- 

Sept.     7, 1901 

do      ._ 

946 

North  Fork.  Huff.s  Bar. 

Mar.      1,1902 
May      7,1902 
Sept.     4, 1902 
Sept.   10,1902 

do 

do 

Chas.  A.  Miller  ... 
do 

1 

8.7 

8.  75 
.96 
.92 

3. 65 

15,238 

15. 476 

1,385 

1,390 

3,298 

1 

1 

216 

30 

92 

33 

28 

32 

607 

669 

163 

64 

109 

327 
27 

Oroville  Brid^^e. 
Do. 
Do. 
Do. 

Detr.    18,1902 
Sept.     3, 1902 

Sept.     6, 1902 

S.  Q.  Bennett 
do    . 

Chas.  A.  Miller  .... 

Do. 

Sonth  Fork  at  Tnttle  (Tia*- 
Valley. 

South   Fork    at    hridp'  a* 

Do 

do 

Enterprise. 
South  Fork  at  Bid  well  Bar 

Do  .._;. 

do 

Bridge. 
South  Fork  Palermo  CaTti! 

Sept.     4,1902 
Do 

S.  G.  Bennett . . 

do 

at  Enterx>ri8e. 

Middle  Fork,  below  nmntb 
of  Nelson  Creek. 

Middle  Fork   Nelson  Crerk 

Do 

do 

above  month. 

Middle  Fork,  Spanish  Crepk 
at  Pocket  Bridge,  lowt: 
end  of  American  Vall^v. 

North  Fork,  Indian  Crr<rk 

Sept.     5, 1902 

do .._. 

Do 

do  __ 

at  Indian  Vallev  on  Tav- 
lorsville  road. 

North  Fork  at  lower  ^^nJ 

Sept.     8, 1902 

do 

Big  Meadows. 
North    Fork    at    Bidwe^? 

Do 

do 

sawmill. 
East  Branch  North  Fork  ;»t 

Sept.     9, 1902 

do 

Hamilton's  bridge. 

Big  Spring  Branch  of  Eii-t 
Fork  of  North    Fork  at 
point  1  mile  below  h  «ii- 
house. 

Dotta  or  Lower  Big  Sprin-' 
Branch  of  North  Fork  a' 
mouth. 

W  est  Branch  of  North  F'  ck 

Do 

do 

Do 

do 

Sept.     7,1902 
Sept.     9, 1902 

do 

near  Prattville. 

Butte  VaUey  Creek.  'Sorl 
Fork,    at    Bntte    Vallrv 
post-office. 

North  Fork.  Hnffa  Bar 

Chas.  A.  Miller 

595 
315 

27 

Sept.   12,1902 

do  ....  

Big  Bend  Tunnel  on  N^rl 
Fork,  at  portal  of  tunn-. 

West  Fork  of  North  Fi»ii 
at  Yankee  Hill  Bridge 

Sept.     9, 1902 

do 

1 
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Eittimated  monthly  discharge  of  Feather  River  at  Oroville,  Col, 

[Drainaere  area,  3,860  sqnare  milen.] 


Month. 


1902. 

January 

February 

March  .. .  _    

April  ...    

May  .. 

June  ...    

Jnly . . 

AnguBt  ...    . . . 

September 

<  k'tober 

November 

December 

The  year 


Discharge. 

m 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Total  dia- 
oharge 

'      Per 
Hcjuare 
mile. 

Depth. 

Si-C'ftret. 

Sec-feet. 

Sec-feet. 

Acre-feet. 

:  Sec-feet. 

TncheM. 

2, 325 

1,975 

1,998 

122,852 

0.60 

0.69 

:«,68() 

1,975 

19, 545 

1 . 085. 474 

5. 83 

6.07 

24, 420 

7,000 

11,148 

685, 464 

3. 33 

3.84 

39.600 

8.300 

19,485 

1,159.437 

5. 82 

6.50 

16,600 

9,020 

12,110 

744,615 

3.61 

3.74 

10,900 

2. 750 

5,609 

333, 759 

1.67 

1.86 

2. 750 

1,620 

2,098 

129,001 

.63 

.72 

1,620 

1,400 

1,535 

94, 383 

.46 

.53 

1.400 

1,300 

1.323 

78, 724 

.40 

.45 

3. 150 

1,300 

1 ,  503 

92, 477 

.45 

.52 

14,400 

1,510 

3,481 

207, 134 

1.04 

1.08 

25. 800 

1.565  , 

6,287 

386, 573 

1.88 

2.17 

39,600 


1,300 


,177 


5,119,893 


2.14 


28. 5-; 


FICAY  CREEK. 


Discharge  nieasurevietit  of  Ficay  Creek,  Santa  Barbara  Comity, 


Date. 


Hydrogr^pher. 


Aug.— ,1889 !  G.F.Wright 


Dis- 
charge 


Sec-feet. 

0.31 


FORT  TEJON  CREEK. 
Dincfiarge  measurement  of  Fort  Tejon  Creek,  in  foothills,  Kern  County, 


Date. 


Nov.  13, 1895. 
Feb.  3, 1896 . 
Jmie  4, 1896  . 
Dec.  19, 1896. 


Hydrographer. 


J.  B.  Lippincott. 

do 

do 

do 


Dis 
charge. 


Sec-feet. 
2.6 
3.5 
1.1 
1.5 
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FRESNO  CREEK. 

Esthrutted  vwnthly  discharye  of  Freinw  Creeks  Madera  (Umnty^  at  base  of  f*m4- 

[Drainage  area,  3272  wiuare  miles.] 


Month. 


1878. 
November  * . . 
December '>-.. 

1879. 

January^ 

Febmary 

March  ^ 

ApriK 

May<' -. 

June*' .  _ 

July -- 

Angnst** 

September  <•  .. 

October<^ 

November '' . . 
December^  . . . 


The  year 

1880.6 

JaDnary  

February 

March 

April 

May  .  - 

June  

Jnly 

August 

September 

October 

November 

December 


The  year 


Maxinrnm. 


Miniuinm. 


Sec-feet. 


80 

117 

202 

202 

102 

54 

0 

0 

0 

0 

0 


Sec.  feet. 


0 

66 

66 

124 

66 

0 

0 

0 

0 

0 

0 


Mean. 


Sec.-feet. 
0 
0 


27 

80 

118 

156 

79 

15 

0 

0 

0 

0 

0 

109 


I, 


Total  dif«- 
charsre. 


Rnn-€»fr. 


Acre-feet. 

0 
0 

1,660 
4,44d 
7. 2,16 

9.2as 

4,a58 
893 
0 
0 
0 
0 
0 

6,702 


49         35,005 


5 


150 

16 

088 

54 

27 

0 

0 

0 

0 

0 

218 


130 


307 

8,628 

984 

64,740 

3,820 

1,607 

0 

0 

0 

0 

0 

13,404 

92,990 


Per      1 
nqnare 
mile. 

Dt'pth 

Sfc.-fret. 

Jtuhrt. 

0 

U 

0 

0 

- 

— 

0. 10 

0.12 

39 

.*» 

.43 

.^' 

.57 

.<» 

.29 

.:B 

.06 

.o: 

0 

II 

0 

0 

0 

0 

0 

II 

0 

0 

.40 

.46 

.18 

.09 

.« 

.55 

.» 

.06 

.kt. 

4.00 

4.46 

.20 

.2S 

.10 

.11 

0 

i» 

0 

!• 

0 

II 

0 

tl 

0 

\' 

.80 

.9e 

.48 

6.+' 

<i  Authority,  Cahfornia  State  engineering  department. 

ftNovomlH^rand  December,  1878,  and  from  November,  18T9,  to  October,  Wrt4,  loclnnive.  f^t; 
mated  from  ran -off  of  neighboring  ittreamH. 
(^  Measured. 
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Estimated  monthly  discharge  of  lYesno  Creek,  etc, — Continued. 


Month. 


1881.« 

Jannary  

February 

March 

April 

May 

June 

July 

Au^^ust 

September   

October 

November 

December .  — 


The  year 

1882.« 

January 

February 

March 

April 

May  ...    

June 

July 

AugruBt 

September  ... 

October 

November  

December 


The  year 


Maximam. 


SfC.-fret. 


Minimum. 


Src.-feef. 


Mean. 


I 


Run-off. 


Total  diH> 
charge . 


Per 

square 

mile. 


Depth. 


Sfc-feei. 

Acre- feet. 

Sec. feet. 

Inches. 

544 

83, 449 

2.00 

2.31 

544 

30, 212 

2.00 

2.08 

272 

16, 725 

1.00 

1.15 

109 

6,486 

.40 

.45 

54 

3, 320 

.20 

.23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

27 

1,600 

.10 

.48 

.20 

.12 

129 

91,a52 
3,320 

6.34 

54 

.23 

168 

9, 053 

.60 

.62 

1,088 

66,899 

4.00 

4.61 

272 

16, 185 

1.00 

1.12 

54 

3,820 

.20 

.23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

27 

1,660 

.10 

.12 

54 

3,318 

.20 

.22 

27 

1,660 
105, 310 

.10 
.53 

.12 

145 

7.27 

o November  and  December,  1878,  and  from  November,  1H79,  to  Octol>er,  1H84,  inclufiive,  esti- 
mated from  run-off  of  neighboring  streams. 
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Estimated  monthly  discharge  of  Fresno  Creek,  etc. — Continned. 


Run-off. 


Month. 


1883." 

Jaiinary   .   

February  

March    . .     .  . . 

April     

May     

June         -  _   .  - . 

July  .    .- 

August .  _ . 

Septeml)er  _   .. 

October    

Novemlier 

Deceinl)er 


Maximum.    Minimum.  •    Mean. 


The  year 

1884. « 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October _ 


Svr.-feet.        Sec-feet. 


Total  6m- 
char^. 


Sec-feet,  i    Acre-feet. 


82 
54 


\m 

109 
0 
0 
0 
0 
0 
0 
0 


54 


27 

1,360 

1,632 

1,088 

816 

816 

272 

27 

0 

0 


5. 042 

2.999 

16. 72,5 

8.093 

6, 702 

0 

0 

0 

0 

0 

0 

0 

39, 561 


1,660 

78,228 

100.348 

64,740 

50, 174 

48,555 

16,725 

1,660 

0 

0 


Per 

fsqnare 
mile. 


O.30 

.20 

1.00 

.50 

.40 

0 

0 

0 

0 

0 

0 

0 

.20 


.10 
5.00 
6.00 
4.00 
3.00  ' 
3.00 
1.00 

.10 
0 
0 


Difptli 

0.:i"> 
.21 

l.i:. 

0 

u 

0 
(i 

0 
li 


2.7?. 


5.  :<y 

6.y: 

4.4^ 
3.:V. 

l.i:* 


rt  November  and  De<'ember,  1H7.S,  and  from  November,  1879,  to  October,  18S4,  int'lnsoTe^  r-<:- 
matod  from  inin-oflf  of  neighboring  streams. 

GAGE  CANAL. 


Soo  San  Bernardino  Valley,  Gage  canal. 
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GATO    CREEK. 

(4ato  Creek  was  lueasiired  l)y  C'harles  J.  Johanseii  for  the  Pacific 
Improvement.  Company,  as  given  below.  It  was  gaged  a  sliort  dis- 
tance al)ove  its  junction  with  the  Loma  Abajo,  and  at  the  time  of  its 
measurement  no  water  was  being  ccmveyed  in  the  pipe  line  situated 
alonjr  this  stream. 


Discharge  mvusurementR  of  (htto  Creek,  Santa  Barlmra  County. 


Date. 


Hydrofri*Rpli«r. 


Feb. 

7,1890  1 

Feb. 

14,1890 

Feb. 

27, 1890 

Mar. 

2, 1890 

Mar. 

4,1890 

Mar. 

6, 1890 

Mar. 

9, 1890 

Mar. 

11,1890 ^ 

Mar. 

13,1890 

Mar. 

lo, 1890 

Mar. 

17, 1890 

Mar. 

21,1890 

Mar. 

23, 1890 

Mar. 

25, 1890 

Mar. 

27,1890 

Mar 

29. 1890 

Mar. 

31,1800 

Apr. 

2.1890 

Apr. 

4, 1890 

Apr. 

6,1890 

Apr. 

8,1890 

Apr. 

10^1890 

Apr. 

12, 1890 

Apr. 

14, 1890 

Apr. 

16, 1890 

Apr. 

17, 1890 

Apr. 

18, 1890 

Apr. 

20, 1890 

Apr. 

22, 1890 

Apr. 

24,1890 

Apr. 

26, 1890 

Apr. 

28,1890 

Apr. 

30,1890 

May 

j2,1890 

1890  I  Charles  J.  Johansen 

-do 

...do 

...do 

...do  ...   _.. 

...do 

._do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do  

...do  

...do  

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


Dis- 
r  barge. 


Morality. 


I 


St'i'.-ffft.  ' 


2.  26 

At  mouth 

2.37 

Do. 

2.81 

Do. 

2.  or, 

Do. 

1.95 

Do. 

1.85 

Do. 

1.85 

Do. 

1 .  65 

Do. 

1 .  55 

Do. 

1.45 

Do. 

1.36 

Do. 

1.45 

Do. 

1.36 

Do. 

1.27 

Do. 

1.09 

Do. 

1.09 

Do. 

1.00 

Do. 

1.00 

Do. 

.92 

Do. 

.92 

Do. 

.92 

Do. 

.83 

Do. 

.83 

Do. 

.76 

Do. 

.76 

Do. 

.68 

Do. 

.76 

Do. 

.76 

Do. 

.76 

Do. 

.68 

Do. 

.68 

Do. 

.60 

Do. 

.68 

Do. 

.60 

Do. 
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[NO,' 


Discharge  viecutureinentH  of  Oato  Creek,  Santa  Barbara  County — Continiied. 


JHitt*. 


H  y  droff  raphor . 


May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

May 

Jnne 

Jane 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

June 

July 

July 

July 

July 

July 

July 

July 

July 

July 

July 

July 

July 


4 

0 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

1 

«^ 
5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

1 

3 

o 

I* 

9 
11 
13 
15 
17 
19 
21 
23 


1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 


Charlen  J.  Johan»en 
do  _ 


do 
do 
do 
do 
do 
do 
do 
do 
do 
d^) 
do 
do 
do 
do 
•-do 
do 
do 
.do 
do 
do 
do 
do 
do 
.do 
.do 
do 
do 
.do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


(;hargfe. 

Lfuaralitv 

Sec-fret. 

0.68 

At  montii. 

.68 

Do. 

.60 

DCK 

.5-3 

I>o. 

.53 

Do. 

.46 

Do. 

.53 

Do. 

.46 

Do. 

.46 

Do. 

.59 

Do. 

.59 

Do. 

.58 

Do. 

.56 

Do. 

.56 

Do. 

.54 

Do. 

.49 

Do. 

.50 

Do. 

.49 

Do. 

.44 

Do. 

.50 

Do. 

.45 

Do. 

.50 

Do. 

.58 

Do. 

.50 

Do. 

.49 

Do. 

.44 

Do. 

.47 

Do. 

.45 

Do. 

.42 

Do. 

.44 

Do. 

.49 

Do. 

.34 

Do. 

.35 

Do. 

.32 

Do. 

.34 

Do. 

.34 

Do. 

.35 

Do, 

.33 

Do. 

.a5 

Do. 

.27 

Do. 

.32 

Do. 

LIPPINOOTT.) 
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LHschcurge  mewmrenients  of  Oaio  Creeky  Santa  Barbara  County — Ck)ntinned. 


Hydnigrapher. 


July 
July 
Jtily 
Jnly 


Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Aug. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Sept. 

Oct. 

Oct. 

Oct. 

Oct. 


25 

27 

29 

81 

2 

4 

6 

8 

10 

12 

14 

15 

17 

19 

21 

23 

25 

27 

29 

31 

2 

4 

6 

8 

10 

12 

14 

16 

18 

21 

22 

24 

26 

28 

30 

2 

4 


1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 


Charles  J .  Johanflen . 
do 


6.1890 


.do 

.do 

.do 

do 

.do 

do 

do 

do 

do 

do 

do 

do 

do 

-do 

do 

.do 

do 

do 

.do 

.do 

do 

do 

do 

.do 

do 

do 

do 

.do 

.do 

.do 

do 

do 

do 

do 

do 

do 


Sec,'/e€t. 


Locality. 


7,1.S90  I do 


.26 

At  tnotith. 

.82 

Do. 

.84 

Do. 

.84 

Do. 

.84 

Do. 

.84 

Do. 

.29 

Do. 

.27 

Do. 

.32 

Do. 

.35 

Do. 

.30 

Do. 

.27 

Do. 

.36 

• 

Do. 

.28. 

Do. 

.35 

Do. 

.28 

Do. 

.30 

Do. 

.30 

Do. 

.28 

Do. 

.26 

Do. 

.22 

Do. 

.22 

Do. 

.26 

Do. 

• 

.26 

Do. 

.26 

Do. 

.26 

Do. 

.22 

Do. 

.22 

Do. 

.26 

Do. 

.30 

Do. 

.22 

Do. 

.22 

Do. 

.22 

Do. 

.37 

Do. 

.60 

Do. 

.42 

Do. 

.35 

Do. 

.30 

Do. 

.30 

Do. 
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GAZOO  CREEK. 
Discharge  measurements  of  Qazoo  Creek,  San  Mateo  County, 


Date. 


Hydrographer. 


Oct.    17,1893     W.W.  Brier. 


Dis- 
charge. 


Locality. 


Sec'feet. 

1. 85  ,  6  miles  above  month. 


GORMAN  CREEK. 


See  Pini  Creek,  Gorman  Creek. 


GREEN  SPOT  PIPE  LINE. 


See  Santa  Ana  River,  Green  Spot  pipe  line. 


GRINDSTONE  CREEK. 


See  Stony  C-reck,  (Trindstone  Creek. 

GUBERNADOR  CREEK. 
DiHchanjc  measurement  of  Gubernador  Creek^  Santa  IfariHtra  i'onnty. 


l)Bt4'. 


Hydrojfraplioi*. 


Dis- 
charKc. 


TjCK'a.lity 


AuK.  -,  1H89     G.F.  Wright 


Sfc.-feet. 
0.  58 


HAT  CREEK. 


See  Pit  River,  Hat  (h-eek. 


HAWS  AND  TALMAGE  DITCH. 

See  San  liernardino  Valley,  Haws  and  Talma^e  diU'h. 

HONEY  LAKE. 

Animal  inflow  est iiiiatcHl  by  State  eiiirineerinj^  department  -Jikh" 
acre- feet. 

HOUSE  CREEK. 


See  Tejon  Honse  Creek. 


lilPPlKOOTT.] 


DISCHARGE   TABLKS. 
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KAWEAH  RIVER. 
tHscharge  vieasurements  of  Katveah  River ^  Tulare  Comity. 


Date. 


Nov.   20,1895 

Sept.  1,1898 
Sept.  6, 1899 
Sept.  3, 1900 
Nov.  20,1895 
Aug.  31,1898 

Sept.  1,1898 
Sept.  6, 1899 
Sept.  3, 1900 

D<) 

Oct.  20,1901 

Do 

Aug.  31,1898 


Sept.   6,1899 
Sept.   3, 1900 
Do 

Aug.  31.  1898 
Sept.   6. 1899 


Sept. 
St*pt. 
Sept. 
Sept. 
Sept. 


3,1900 
1,189H 
6,1899 
1,1898 
6,1899 


Sept.  25,1902 


Do 


S«i»i.  26,1902 
Sept.  27,1902 


Do 


Do 


Do 


Hydrogmpher. 


J.  B.Lippincott. 

do 

S.Q. Bennett ... 

do 

J.  B.Lippincott. 
do 


do 

S.  G.  Bennett  . . . 

do  _ 

do 

...do  

do 

J.  B.Lippincott 

S.  G.Bennett... 

do 

...do. 


J.  B.Lippincott 
S.  G.Bennett-.  - 

do. 

J.  B.Lippincott 
S.G.Bennett... 
J.  B.  Lippincott 
S.G.Bennett.   . 
E.T.Perkins   .. 


do 


do 


do 


do 


do 


do 


DiB- 
chargre. 


I 


Locality. 


lSe•c.-/ee^ 

70 

85 

41 
78.5 

0 

0 

18 
33 


70 


15 


52 


.> 

8.5 

1.5 

S.  1 
1 

4.5 
4.9 
6.7 
.3 
1.1 
0 

4.3 

.  i 


29 


20 


15 


15.5 


Sept.   28,1902    do 


11 


Headworks  above  upper  large 
power  canal. 

Do. 

Do. 

Do. 

Iron  bridge,  wagon  road. 

Southern  Pacific  branch  rail- 
road bridge. 

Iron  bridge,  wagon  road. 

Do. 

1 ,000  feet  })elow  iron  bridge. 

Watumna  Canal  at  head-gate. 

Iron  bridge,  1,000  feet  below. 

Watumna  Canal. 

Kaweah  irrigation  and  power 
ditch  (Pogues  lower  ditch). 

Do. 

Do. 

Myers  ditch  alK)ve  Pogues  upjier 
dit-ch. 

Pogues  upi)er  diU^h. 

Do. 

Do. 
North  Fork  at  mouth. 

Do. 
South  Fork  canals. 

Do. 

North  Fork  at  lower  end  Davis 
ranch. 

South  Fork,  2(X)  yards  al)ove 
bridge  on  road  to  Visalia. 

Middle  Fork,  -i  mile  above  Se- 
quoia National  Park  line. 

Middle  Fork,  100  yards  al)ove 
junction  with  Marble  Fork. 

Marble  Fork,  100  yards  alx)ve 
junction  with  Middle  Fork. 

East  Fork,  i  mile  above  head- 
works  Mount  Whitney  power 
plant. 

East  Fork,  200  feet  l)elow  head- 
works  Mount  Whitney  power 
plant. 

East  Fork,  100  yards  l)elow  trail 
from  Soldiers 'Camp  to  Tar  Gap. 
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Dincf large  inedsiirenhents  of  Kaweah  River,  Tiilare  County — Continued. 


Date. 


Hydrogrspher. 


Sept.    27,1902 
Sept.   29,1902 


L.  M.  LawBon 
do 


Sept.   80,1902    do 


Sept.   10,1902 


R.McF.Doble. 


Sept.    12,1902  I do 


Dis- 
charge. 


Louality. 


Sec-feet. 
1 

2 

88 
9.8 

81 

81 


18 


South  Fork,  Horse  Cnek,  at 
lower  end  Hackett  Headovt. 

South  Fork,  lower  end  Sand 
Meado¥r8. 

i  mile  above  iron  bridge. 

South  Fork,  at  Seqnoia  Natknal 
Park  Uno. 

Middle  Fork,  8  miles  abore 
Three  BiTers. 

Middle  Fork,  i  mile  inside  S^ 
quoia  National  Paxk  line. 

East  Fork  (total  flow) ,  1 .600  ft«t 
from  head  of  Monnt  Whitnt-j 
Power  Co.  flume. 


Estimated  vumtlilij  discharge  of  Katveah  Rwer  at  Wcwhumna  Hill,  TiUare  i  Umntf.^ 

[Drainage  area,  619  square  miles.] 


Mouth. 


1878. 


November  '> 
December''. 


1879. 


January  ^  . . 
February  <' . 

March  <' 

April  '• 

May  c 

Jnne  <■ 

July  <^ 

August  <  - . . 
September '' 
October '^  .. 
November «' 
December  ^ . 


Tlie  year. 


Mean  dis- 
charge. 

Total  dia- 
charge. 

Acre-feet. 

Ran-off. 

Peraqiiare 
mile. 

Depth. 

Second-feet. 

Secwrui-feet. 

Infhtt. 

155 

9,223 

0.25 

0.^ 

155 

9,581 

.25 

.a> 

248 

15,249 

.40 

.4« 

279 

15, 495 

.45 

.47 

402 

24,718 

.65 

.TT» 

867 

51,590 

1.40 

l.V 

774 

47, 591 

1.35 

1.44 

557 

33,144 

.90 

I." 

124 

7,624 

.20 

.:f-^ 

31 

1,906 

.05 

.ii^ 

81 

1,845 

.05 

.»»■ 

62 

3,812 

.10 

.U 

124 

7,379 

.20 

«• 

279 

17, 1.56 

.45 
.51 

.K 

315 

227,508 

■ 

rt  Authority,  California  State  engine<»ring  department. 

^  EstimattHl  in  part  from  run-off  of  neighboring  streams. 

<*  Based  in  part  on  measurements  and  rod  records  near  Three  Rivera. 
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Estimated  monthly  discharge  of  Kaweah  JKitvr,  etc. — Continued. 


Month. 


1880. 


January  « . . 
February  « . 

March  « 

April « -    ... 

May  « 

June« 

July  « 

August  f> 

September  ^ 
October '^_.. 
November '-» 
De<*ember  ^- 


Tbe  year  _ 


1881. 


January  *  . . 
February  ^ . 
March  ^  _ 

April  ff 

May  '^ - . 

June  ^ 

July  «_ 

August « 

September  « 
October«.._ 
November  « 
December  «- 


The  year 


;                Run-off. 

Mean  dis- 
charge. 

Tutal  di8- 
char^fe. 

1 

Per  square 
mile. 

1 

Depth. 

SecoHd-feet. 

Acre -/vet. 

Second-feet. 

1 

hwheg. 

248 

15,249 

0.40 

0.46 

310 

17,831 

.50 

.54 

464 

28, 530 

.75 

.86 

2,352 

139, 954 

3.80 

4.24 

2,786 

171,304 

4. 50 

5.19 

3,900 

232, 066 

6.30 

7.02 

743 

45, 685 

1.20 

1.38 

155 

9,531 

.25 

.29 

99 

5,891 

.16 

.18 

50 

3,074  ' 

.08 

.09 

74 

4. 403 

.12 

.13 

371 

22, 812 

.60 

.69 

963 

696,330 

1 

1.56 

21.07 

526 

32,342 

.85 

.98 

774 

42, 986 

1.25 

1.30 

619 

38, 061 

1.00 

1.15 

1,393 

82,889  , 

2. 25 

2.51 

1,238 

76, 122 

2.00 

2.31 

990 

58,909 

1.60 

1.79 

371 

22,812 

.60 

.69 

155 

9,531 

.25 

.29 

43 

2,559 

.07  j 

.08 

74 

4,550 

.12 

.14 

124 

7, 379 

.20 

.22 

279 

17, 155 
395,295  1 

.45  1 

.52 

549 

.89 

— —     jfc. 

11.98 

a  Based  in  part  on  measurements  and  rod  record.s  near  Three  Rivers. 
<»  Estimated  in  part  from  run-off  of  neighboring  streams. 


IKR  81—03- 
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Estimated  monthly  discharge  of  Kaweah  Hirer,  etc. — Continiied- 


Month. 


1882. 


January  « _ . 
February  « . 

March  « 

April '-' 

May  ^ 

June'^ 

Julyft. 

August  ^  -  . 
September  & 
October  'j.  . 
November  '^ 
Deceml)er  '^. 


The  year 


1883> 


January  . . 
February  . 

March 

April  

May 

June    

July 

August  ... 
September 
October . . 
Noveml)er 
December . 


The  year 


Run-off. 


Mean  dis- 
charge. 


Second-feet.  .■ 
155 
310  I 
464 
1,393  ' 
3,228 
929 
743  j 
198 
93  . 
87  ' 
124  I 
93 


155 

124 

619 

805 

1,021 

990 

402 

99 

74 

62 

74 

74 


Total  dis- 
charge. 


Acre-feet. 

9,531 

17,217 

28,530 

82,889 

136,994 

55. 279 

45,685 

12,175 

5, 534 

5,349 

7,379 

5,718 


I 


568         412, 280 


9,531 

6,887 

38,061 

47,901 

62, 779 

58,909 

24, 718 

6,087 

4,403 

3,812 

4,403 

4,550 


375  I      272,041 


Per  square 
mile. 


Second-fret, 

0.25 

.50 

.75 

2.25 

3.60 

1.50 

1.20 

.32 

.15 

.14 

.20 

.15 

.92 


.20 

1.00 

1,30 

l.fr5 

1.60 

.65 

.16 

.12 

.10 

I 

.12 
.12 

.61 


Depth 
IncKc*. 


4.15 

i.i: 

X. 

.i: 
.If. 

a:    ' 


•   «  > 

l.U 
1.43 
l.i*' 


li 


\*i 


a  BastHl  in  part  on  measurements  and  rod  records  near  Thrt*  Rivers. 
h  Estimated  in  ])art  from  run-off  of  neighboring  streams. 
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EstivKited  monthly  discharge  of  Kmreah  Iiiv<*r,  etc. — Continued. 


Month. 


Moan  dis- 
charge. 


1884." 


Jannary  _ . 
February  . 
March  .  . . . 

April 

May 

Jnne  _ .    

July 

August  .  - . 
Septeinlx»r 
October  . . . 


Second-feet. 

248 

2,177 

2,290 

1,548 

2,847 

4,271 

3, 497 

990 

495 

248 


Run-off. 


Total  dis- 
charge.     ,  p^,.     ^^ 

I       mile. 


Depth. 


.-icrv-feet. 

15,249 
125, 222 

140,807 

92,112 

175,055 

254, 142 

215,022 

60,873 

29, 455 

15,249 


Second-feet, 

0.40 
3.52 
3.70 
2.50 
4.60  ! 
6.90  I 
5.65 
1.60 
.80 
.40 


Inches. 
0.46 
3.80 
4.27 
2.79 
5.30 
7.69 
6.51 
1.84 
.89 
.46 


n  Estimatod  in  part  from  run-off  of  neighboring  streams. 

KERN    RIVER. 

The  ^a^^ing  station  on  Kern  River,  established  in  ltS93  by  Mr.  Walter 
Joni\s,  chief  engineer  of  the  Kern  County  Land  Company,  is  located 
at  what  is  known  as  firat  i>oint  of  measurement,  5  miles  al)ove  Bakers- 
field.  Meter  measurements  are  taken  once  a  week  and  an  automatic 
j^age  records  daily  fluctuations  of  the  river  heights.  Mr.  A.  K.  War- 
ren, the  engineer  in  charge  of  this  work  for  the  Kern  County  Land 
Company,  attends  to  the  discharge  measurements  with  much  actruracy 
and  precision,  and  furnishes  the  Survey  with  the  final  results. 

JHscharge  meaanrevientH  of  Kent  River ^  Kern  Cimnty. 


DaU\ 


H  y  drojfrapher . 


Feb.  10,1897  ;  J.  B.  Lippiiicott 

July  17,1898 

July  10,  IS98 

July  11,1898  j do 

July  13,1898  ■ do 

July  10,1898    do 


Discharge. 

Second-feet. 
314 


Locality. 


■  Calloway  Caual  at  second  jwint 
;      of  measurement. 


June  29,1896 
Aug.  29,1898 


J.  B.  Lippincott 
do 


5.3     Menache     Meadows,     Tulare 
County. 

12.9     South    Fork    at    mouth.    Rem 
I      County. 

17.9  '  D.'. 

10. 1     South  Fork,  sec.  6-22-36,  Kern 
County. 

331       ;  North    Fork    at    mouth,   Kern 
Countv. 

3, 004         First  jwint  of  measurement. 

116  Do. 


100  CALIFORNIA    HYDROGRAPHY. 

Discharge  vwcufti rcrnents  of  Kern  River,  Kern  County — Contduned. 


[so  *1. 


Date. 


Hydi\>KrRpher. 


Sept.  2, 1899  S.  G.  Bennett . . . 
Aug.  30, 1900  A.  K.  Warren  . . 
Oct.      7,1902  '  L.M.Lawson     . 

Feb.    10, 1897     J.B.Lippincott- 

i 

Sept.     2, 1899     F.  H.  Olmsted  _ . 

June   19,1900  , do    

June  20,1900  !.       .do 


Di»char{?o. 
Secawl-feet. 

99 
103 
171 
322 

99.22 

1.32 

14.18 


Locality. 


Do 


do :  1,333.17 


Junt5  21,1900  . 

June  22,1900  • 

Do 


do 
do 
do 


Do 

Do 

June  23,1900 

Do 

Do 

Do 


do  .  . 
do  ... 
do  ... 


do 
do 
do 


June  24,1900    do 


Do 


.do  ... 


June  25,1900  I do 


Do 
Do 

Do 
Do 


.do 
-do 


do 


do 


June  27,1900 do 

I 
Do do 

Do i do 


June  28,1900 


June  29, 1900 


do 


do 


2.30 
2.92 

.18 

3. 45 
.32 

5.82 

5.19 
5. 74 
5. 07 
4.26 

81 

2.87 

8.45 
4.87 

1,154.90 

4.72 

39.11 
17.64 

939. 60 

3.67 

1.80 


First  point  of  measiireinent. 

Do, 

Do. 

Calloway  Canal  at  first  point  of 
measurement. 

Kem  River,  first  point  of  nit-av- 
nrement. 

Basin  Creek,  Rankin's  raDih. 
Walker's  basin. 

South  Fork  of  Kem  River.  7"^> 
feet  above  junction. 

North  Fork  of  Kem  Riv-r. 
Hooper's  Mill  Bridge. 

Bull  Run  Creek  near  month. 

Tobias  Creek  near  motith. 

Ant  Creek  at  month;  elevati-::. 
3,200  feet. 

Salmon  Creek  at  month. 

Corral  Creek  near  mouth. 

South  Needles  Creek  at  "Se^Vi'  ? 
Peak;  elevation,  4,550  feet. 

Clark  Creek.  Dry  Meadows. 

Jac'kson  Creek,  Drj'  Meadow>. 

Wade  Creek,  Dry  Meadows. 

North  Needles  Creek  at  Ntv.il-     i 
Peak. 

Little  Kem  River  at  jnn<ti  c 
with  Kem  River. 

Tibbetts  Creek,  1  mile  ab  w. 
mouth. 

Harris  Creek  at  month. 

One  Mile  Creek,  I  mile  Wl  v 
Kem  Lake. 

North  Fork  of  Kem  River.  :;.'•• 
feet  alwve  junction  with  LitT^ 
Kern  River. 

Whitney  Creek  at  tnnnel  it 
divide. 

Whitney  Creek  at  Lava  bri«L> 

Creek  south  of  Bald  Mountaii : 
elevation,  6,560  feet. 

North  Fork  of  Kern  River,  •-» 
feet  above  Kem  Lake. 

South  Fork  of  Kem  Rn>r 
Manache  Meadow^s. 

Tibbetts  Creek:  elevation.  5*,  • 
feet. 
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IHscharge  medsiirements  of  Kern  River,  Kinm  Count f/ — CVmtimied. 


Date. 


Hy  dr  ographer . 


Dlsohar^. 


Locality. 


.Time  29,  1900     P.  H.  Olmsted. 

i 

Do  .  _ do 


Jtine    30,1900    do 


r>o_ 

jTily       2,1900 


do 
do 


I>o  _ do 

July       3,1900    do 

Do. -do 


Oct-        4,  11)02     E.  T.  Perkins 


I>o 


do 


Oct.        6,  1902 


Do 


do 


do 


Do 


Do 


IM> 


Oct.        7,  1902    do 


Do 


Do 


do 


do 


Oct.        8,  1902  I do 


Do 
Do 

T>a 
Do 

Do 


Do-. 


do 
do 

do 
do 

do 

do 


^  Second-feet.' 
'  1.04  I 

8.22 

825.25  , 


North  Fork  of  Brush  Creek:  ele- 
vation, 5,800  feet. 

Brush  Creek  above  North  Fork; 
elevation,  5,600  feet. 

North  Fork  of  Kern  River,  4.000 
feet  above  junction  with 
South  Fork. 


4. 05  .  Salmon  Creek,  Horse  Meadows; 
elevation,  7,700  feet. 

11.05  '  South  Fork  of  Kern  River.  T. 
25  S.,  R.  35  E.,  Mount  Diablo 
meridian;  elevation,  2,920  feet. 

2. 38     Powers  Ditch  near  head. 

1 .  96     NeiVs  Ditch,  Isabella. 

7.31     Hooper's  Mill  Ditch  at  gaging 
station  on  Kern  River. 

14      I  Little    Kern   100    yards    above 
I      junction. 

158  1(X)  yards  above  junction  with 
Little  Kern. 

.5     Brown's  upper  ditch   at    road 
crossing  to  Hot  Springs. 

Brown's  main  ditch  at  entrance 
to  weir. 

1.5     Stafford    &    Neal    ditch  al)ove 
Kemville. 

7.9     Brown's     lower     ditch    alx)ve 
dairy. 

160      I  Power     Company's    diversion, 
I      Kemville. 

224  i  mile  above  mouth  of  Salmon 
Creek. 

.5     Salmon  Creek  50  yards  alx)ve 
junction. 

127  Above  gaging  station,  Kern 
River  Power  Co. 

188  ^  mile  above  powerhouse,  Kern 
River  Power  Co. 

236         Below  Clear  Creek. 

201  200  yards  below  junction  South 

Fork. 

18      I  South  Fork  above  junction. 

202  I  350    yards    below  bridge  from 

Isabella  to  Kemville. 

9      .  Hooi)er    ditch    at   bridge  from 
Isabella  to  Kemville. 

.6     Lower    Stafford    ditch    4    mile 
I      north  of  Staff ords  ranch. 
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[90.\ 


DiHcharge  measurements  of  Kern  Rifer^  Kern  County — (>>ntiimecl. 


Dut(\ 

Oft.   S,  1902 
Do _ 

E.  1 

Oct.   7,  1903 
Do. _ 

h.-s 

Oct.   8,  1902 

llydrtH^'apl^oi'- 


do 


do 


do 


DiucharKu- 


Second'/eet. 


Ixxniitv. 


0. 


174 
14 

179 


Lower  Murphy  ditch  75  yvr^h 
above  Weldon  road  crriti'^Li: 

South    Fork    at     Weldon   r«*i 
crossing. 

^  mile  below  month  of  can  vol. 

Below  intake   of    Power  i'«»id- 
pany's  tunnel. 

Democrat  Springs  200  feet  lielow 
hotel  at  springs. 


Estimated  monthly  discharge  of  K^rn  Rit^er  at  Rio  Braro  ranch,  Kern  ('u*tut». 

[Drainage  area,  2,84.%  nqnare  miles.] 


Month. 


1878. 

Noveml)er 

De<»eml)er 


1879. 

January  

February  

March  _ _ 

April ... 

May 

June _ 

July 

August 

Septeml)er  ... 

Octol)er 

November  ... 
Deceml)er 


The  year 


Maximnui. 


Discharge. 


Minimum. 


Sec-feet. 


1, 
1, 
1. 


686 

745 
659 
054 
231 
190 
865 
887 
174 
210 
325 
650 

1,231 


Sec-feet. 


389 
466 
510 
661 
680 
812 
:J86 
168 
146 
145 
184 
280 


145 


I 


Mean. 


Total  dLH- 
rhaiK**- 


Ron-ciff. 


Si'c-feet. 
400 

350 


462 
591 
552 
764 
927 
971 
535 
266 
171 
182 
261 
a56 


Acre-feet. 
23,802 

21,521 


Pe»r 

nquare 

mile. 


503 


28,407 
32, 822 
33,941 
45,461 
56,999 
57, 779 
32, 896 
16, 356 
10, I7h 
11,191 
15,5:^1 
21,890 


363,448 


Sec^-feet, 
0.17 

.15 


20 
25 
24 
33 
40 
41 
23 
11 
07 
08 
,11 
15 


22 


IV]^- 


Inf^.tK 


u.rj 


.IT 


.11" 

■ 

.11 

,i: 


1  Authority,  (^Alifomia  Staite  engineering  department,  from  November,  1878,  to  October.  l^H 
inclusive. 
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Eatimated  monthly  discharge  of  Kern  River ^  etc. — Continned. 


Mouth. 


1880. 

January  

February 

March 

April 

May 

June 

July... 

August 

September   .   . 

October 

November 

December 


The  year 

-      1881. 

January  _ 

February 

March 

April — 

May 

June 

July 

August 

September 

October  _ 

Novemljer 

December 


Diflchiirge. 


Run-off. 


Maximum. 

Minimum. 

Mean.    ' 

• 
Sec.'/eet. 

Sec-feet. 

fiec.-feet. 

410 

315 

354  ! 

380 

315 

370 

385 

349 

389 

3,320 

1 

395 

1,557 

3, 560 

1,615 

2,659  ; 

4,070 

2,740 

3,317 

3, 140 

1,550 

2,196  ' 

Total  dis-  I 
charge,     j      Per 
square 
mile. 


1,500 
846 
794 
830 

1,480 

4,070 


1,640 

2,970 

2,100 

2,612 

2,710 

2,390 

1,520 

1,200 

420 

360 

360  I 

410  I 


840 
710 
722 
695 
790 

315 


1,060 
767 
758 
767 

1,063 


The  year 


2,970 


950 

1,430 

1,400 

2,100 

2,060 

1,475 

710 

420 

320 

310 

300 

320 

300 


1,271 


Acre-feet. 

21,767 

21,283 

23,919 

92,648 

163,496 

197,375  j 

135,027  j 

65, 177 

45,640  I 

46,608 

45,640  , 

65,361  I 


Sec-feet. 

0.15 

.16 

.17 

.  66 

1.13 

1.41 

.94 

.45 

.33 

.32 

.33 

.45 


1,078 

1,773 

1,570 

2,288 

2,362 

1,890 

1,126 

627 

361 

333  I 

337 

350 

1,175 


923, 941 

66,284 

98,467 

96,536 

136, 145 

145,234 

112,463 

69, 235 

38, 553 

21,481 

20,475 

20,053 

21,521 

846,447 


.54 


.46 
.76 
.67  I 
.98  ^ 
1.01  ! 
.81 
.48! 
.  27  I 
.15 
.14 
.14 
.15 

.50 


Depth. 

Ifwhes. 

0.17 

.17 

.20 

.74 

1.30 

1.57 

1.08 

.52 

.37 

.37 

.37 

.52 

7.38 


.53 
.79 
.77 
1.09 
1.16 
.90 
.55 
.31 
.17 
.16 
.16 
.17 

6.76 
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[3fO>l 


Eatinuited  immthly  discharge  of  Keni  RiveVy  etc, — Continned. 


Month. 


1882. 

January  

February 

March 

April 

May 

June -  - . 

July 

Angnat 

September  ... 

October 

Noveml)er  «.. 
December  «  . . 


Discharge. 


Maximum.  <  Minimnm 


Mean. 


Run-off. 


Total  difi- 
chan?e.  Per 

:    ftqnare 
mile 


The  year 

1883.« 

January 

February 

March 

April 

May 


Sec.'feet. 

380 
510 
1,260 
1,670 
2,000 
1,990 
1,110 


Sec-feet. 
810 
360 

440 
920 
1,420 
900 
450 


Sec. feet 
335 

:^5 

600 

1,174 

1,670  : 

1,306 

726 

330 

330 

330 

280 

280 


Acre-feet 
20,598 
21,937 
36. 893 
69,^58  ■ 
102,684 
77,712  I 
44,640  ' 
20,291 
19,636 
20,291   ' 
16,661 
17,217  ' 


646  i    468,418 


June 

July 

August  . . . 
Sei)tember 
0(!tol)er . . . 
November 
Decem})er. 


280 

a50  , 

700 
1,170 
1,410  ' 
1,170  i 
940 
470  ! 
a50  ' 
280 
200 
200 


17,217 
19,438 
43,041 
69, 620 
86,697 
69,620 
57, 798 
28,899 
20,826 
17,217 
11,901 
12,298 


The  year 


or 

»m  4 


627  !     454,572 
aEstimRt,<Ml  from  previou.s  uu^asnrementH  and  from  run-off  of  neigrhborinf?  Rteams. 


.Ser.  feet. 
0.14 
.17 

.36 

.50 

.71 

.56 

.31 

.14 

.14  . 

.14 

.12  I 

.12 

.28 

-12 

.15 

.30 

.50 

.60 

.50 

.40  j 

.20 

.15 

.12 

.09  I 

.09 


Jtwkrt 

.3" 
.-V 

«      « 

.:« 

.K. 
.r: 


3.  r» 


.It 

.3.- 

.  -»■ 
X 
.14 
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Estimated  monthly  discharge  of  Kent  River,  etc. — Continned. 


Discbarge. 


Run-off. 


Month. 


1884. « 

Jannary 

February 

March 

April  _ 

May  .  _ 

Jnne 

July 

August 

September 

October  _ 


Maximum. 


Sec-feet. 


Minimum. 


Mean. 


Sec-feet. 


Total  dlR- 
charge. 


Per      J 
Rquare       Depth, 
mile. 


Sec- feet. 

Acre-feet. 

360 

21,521 

470 

27, 035 

940 

57, 798 

1,980 

117,818 

5,860 

360,317 

9,380 

558, 149 

5,860 

360,317 

2,350 

144,496 

940 

55, 934 

470 

28, 899 

Sec-feet. 

0.15 
.20 
.40 
.84 

2. 50 

4 

2. 50 

1 
.40 
.20 


Inches. 

0.17 

.22 

.46 

.94 

2.88 

4.46 

2.88 

1.15 

.45 

.23 


o  Estimated  from  previous  meoHurements  and  from  run-off  of  neighlx)ring  .streams. 

Estimated  monthly  discharge  of  Kern  River  at  first  point  of  ineasurement,^ 

[Drainage  area,  2,34o  square  miles.] 


Month. 


1893. 

Octot>er 

November 

Dec^mlier  _  - . 


1894. 

January  

February  

March 

April 

May 

June    

July 

August 

September  . .., 

October 

Novemljer  

December  . 


The  year 


Maximum. 

Discharge. 
Minimum. 

Mean. 

Total  dis- 
charge. 

Rub 

Per 

square 

mile. 

1 

I -off. 

t 

Depth. 

1 

Sec-feet. 

Sec-feet. 

Sec-feet. 

Acre-ffet. 

f^'C-feet. 

Inches. 

554 

517 

534 

32, 861 

0.23 

0.26 

559 

467 

518 

30, 827 

.22 

.24 

590 

430 

516 

31,757 

.22 

.25 

741 

562 

661 

40,644 

.28 

.32 

1,114 

604 

717 

39,817 

.30 

.32 

1,443 

762 

1,001 

61 , 541 

.43 

.65 

1,892 

1,209 

1,495 

88, 952 

.64 

.71 

2,208 

1,228 

1,607 

98, 798 

.69 

.79 

1,719 

871 

1,085 

64, 557 

.46 

.51 

1,051 

400 

700 

43. 036 

.30 

.34 

549 

256 

335 

20, 565 

.14 

.16 

382 

172 

248 

14,756 

.11 

.12 

263 

004 

279 

17,178 

.12 

.14 

268 

230 

244 

14,500 

.10 

.11 

805 

234 

470 

28,908 
538, 252 

.20 
.31 

.23 

2,208 

172 

737 

4.40 

l>  Authority,  Kern  County  Land  Company. 
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fso>l 


EstinuiU'd  monthly  dUcJiarge  of  Kent  River,  etc. — Continned. 


Month. 


189r>. 


January     . 
Pebmary 
March    . , . 
April  ..   .. 

May 

June  _ 

July 

August  ... 
Septeml)er 
October    . 
Noveml)er 
Det'-emlwr  . 


The  year 

189(5. 

January  

Febniarj'^ 

March . . 

April - 

May  .  - 

June 

July 

August 

September 

October 

November  .... 
December .... 


Maximum. 

Sec-feet. 

1,616 

4,762 

3,004 

3,897 

5,384 

3, 721 

2,063 

1 .  073 

676 

612 

436 

447 


The  year 


5,384 

3,101 

798 

2,089 

1,263 

3,370 

3,611 

2,210 

741 

473 

425 

416 

426 

3,611 


Discharge. 
Minimum. 

Sec-feet. 

473 

675 

987 

1,911 

3,100 

2,174 

867 

354 

290 

276 

308 

368 

276 


Ban-off. 


I 


Mean. 

Sec-feet. 
809 

1,252 

1,374 

2,724 

4,369 

2,906 

1,482 

629 

344 

327 

:^6 

403 


Total  di»-   I 
charge.  Per 

Rqnare 
I      mile. 


Acre-feet. 

49, 763 

69,536 

84,437 

162,076  i 

268,608 

172,919  I 

91,113  i 

38,665  ' 

20,469 

20,106 

20,588 

24,779 


1,413   1,023,058 


377 
559 
652 
766 
934 

1,244 
741 
353 
234  ! 
223 

'288 
313 


747 

617 

951 

972 

1,401 

2,456 

1,316 

486 

304 

267 

355 

347 


223 


854 


45,981 
35,489 
58, 475 
57,838  I 
86,144 
146,143 
82, 762 
29,883 
18,089  ' 
16,417 
21,124  j 
21,336  ' 

619,630  , 


Se-r.-fert. 

0.34 

.53 

.59 

1.16 

1.86 

1.34 

.63 

.27 

.15 

.14 

.15 

.17 

.60 

-32 
.26 
.41 
.41 
.60 
l.a5 
.57 
.21 
.13 
.11 
.15 
.15 

.36 


Depth 

.(r 

l.'JS 
2.14 
1.37 


.31 

.i: 


i: 


'1' 


.V.  IK 


.4? 


t^ 


I.:: 

.24 

.14 

.13 

.i: 

4.i»' 


-I — 
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K^ifiitifitt'tl  iiwnthly  dUtcfiarge  of  Kern  River^  etc. — Continued. 


Month. 


1S97 

January . 

February 

March     .    ... 

April - 

Mav - 

June  .  -    . _  -  . . 

July 

August 

September   .. 
October  _ .  _ . 
November . .  - 
Deceml>er  _  . 


The  year 

1808. 

January- 

February  

March 

April 

May 

June 

July 

August  -  _ 

September 

( )ctol>er 

Noveml)er —   _ 
December 

The  year 


] 

3uK;bfU*Ki^ 

Run-off. 

Maximum. 

Minimum. 

Mean. 

Total  di»- 
charKe. 

Acre-fret. 

Per 

square 

mile. 

Depth. 

Ser.-feet. 

i^c.-feet. 

Ser.-feet. 

Inches, 

832 

305 

373 

22, 935 

0.16 

0.18 

2, 306 

516 

809 

44, 930 

.35 

.:^ 

2,044 

688 

923 

56, 753 

.89 

.45 

4, 410 

1,094 

2,914 

178, 395 

1.24 

1.38 

5, 342 

[        4, 054 

4,580 

281,613 

1.95 

2.25 

4, 352 

1,289 

2,309 

137,895 

.98 

1.09 

1,536 

644 

1,006 

61,857 

.48 

-.49 

671 

338 

469 

28,aS8 

.20 

.23 

363 

260 

295 

17,554 

.13 

.14 

441 

278 

340 

20,906 

.15 

.17 

477 

289 

355 

21, 124 

.15 

.17 

1         1,023 

327 

422 
1,234 

25, 948 
893, 248 

.18 

.21 

5, 342 

260 

.53 

7.12 

400 

811 

363 

22, 320 

.15 

.17 

923 

316 

434 

24, 103 

.19 

.20 

485 

304 

388 

23, 857 

.17 

.20 

1,342 

371 

710 

42. 247 

.30 

.33 

980 

560 

735 

45, 193 

.81 

.36 

686 

394 

551 

32, 786 

.2S 

.26 

416 

127 

244 

15,003 

.10 

.12 

142 

86 

120 

7, 378 

.05 

.06 

294 

80 

116 

6,902 

.05 

.06 

232 

127 

160 

9,8:«^ 

.07. 

.08 

188 

136 

166 

9,877 

.07 

.08 

314 

147 
80 

199 

12, 236 
251,743 

.08 
.15 

.09 

1,342 

348 

2.01 
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[so  A 


KHtinuitvd  monthly  discJuirge  of  Keni  River,  etc. — Continnecl. 


Month. 


1899. 
January  ..... 

February 

March . 

April  - 

May 

June 

July 

AugUHt  . 

September  . . . 

Octolier 

November. . . . 
December 


The  year 

1900. 

January 

February 

March . 

April    . . 

May  .  _ 

June.. 

July 

August . . 

Septeml)er 

October  _ » 

November. . .  . . 
December    . . . 


The  vear 


DiHchargre. 
Minimum. 

Mean. 

Tc>tal  dfc*- 
f 'halve. 

Bnnitfl. 

Maximum. 

Per 

squarf 

mile. 

D»'pth 

Sec,  feet. 

Sec-feet. 

Sec. feet. 

Acre-feet. 

Srf.-fe<t. 

Int  h'f 

361 

182 

263 

16, 172 

0.11 

11.  i: 

365 

258 

302 

16, 772 

.13 

.:4 

4,932 

247 

590 

m,  278 

.25 

.Si 

1,167 

593 

893 

53, 138 

.as  i 

.4.'v 

1,302 

576 

.      835 

51,342 

.36 

.41 

2, 280 

.   809 

1,331 

79,200 

.  57  • 

.♦:^ 

894 

229 

489 

30, 057 

.21  ! 

240 

99 

156 

9,592 

.07 

.<•* 

117 

89 

105 

6,257 

.04 

.U'l 

229 

86 

160 

9,838 

.07 

."^ 

385 

183 

221 

13, 151 

.09 

.n 

781 

182 

277 

468 

17, 032 
388, 829 

I.IS 
.29 

i.aR 

4,932 

86 

:J.i4 

1,048 

266 

362 

22, 259 

.  15 

.i: 

329 

238 

280 

15, 550 

1*> 

1 

.12 

502 

307 

413 

25, 394 

.18 

.'il 

592 

387 

472 

28.aS6 

.30 

.kJ 

1,969 

449 

1,111 

68,312 

.47 

.•4 

1,878 

841 

1,283 

76,344 

.5.5 

r 

8,50 

202 

392 

24,103 

.17 

•  • 

217 

101 

144 

8,854 

.06 

.<»: 

270 

106 

166 

9,878 

.07 

1  X 

186 

137 

1 

160 

9.838 

.07 

.•f^ 

1 ,  839 

161 

349 

20, 767 

.15 

1- 

«    4    1 

445 

288 

373 

22, 934 

.16 

.1^ 

1,969 

101 

459 

332, 319 

.30 

i'.'^* 
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Estimated  monthly  dincharge  of  Kern  River ^  etc. — Continued. 


Month. 


1901. 

January  _ 

Febmary 

March 

April 

May  .  _      

Jnne . _    _    

July 

August 

September 

Ot'tober 

November  _.. 
December 

The  year 


Discharge. 


Maximum. 

Minimum. 

Sec. -fee  f. 

Sec-feet. 

2,049 

226 

1,963 

342 

1,658 

901 

2,632 

637 

4,419 

2,091 

4,332 

2, 455 

3, 856 

1,120 

1,804 
526 
756 
421 
457 

4,419 


505 
249 
259 
343 
268 


Mean. 

Sec-feet. 

493 

860 

1,270 

1,398 

3, 032 

3,324 

1,864 

968 

345 

317 

377 

323 


Total  diK 
charge. 


Acre-feet. 

30,313 

47, 762 

78, 089 

m,  187 

186, 430 

197, 792 

114,163 

59, 520 

20, 529 

19, 492 

22, 433 

19, 860 


Run-off. 


Per 

square 

mile. 


226       1,216       880,020 


Sec-feet 
0.21 
.37  I 
.54 
.60  1 
1.29  I 
1.42  I 
.80 
.41 
.15 
•  .14 
.16 
.14 


Depth. 
Jncfiea. 

0.24 
.39 
.62 
.67 
1.49 
1.58 
.92 
.47 
.17 
.16 
.18 
.16 


52 


7.05 


KING  RIVER. 

This  river  rises  on  the  western  slope  of  the  Sierra  Nevada  in  Fresno 
County,  Cal.  The  waters  coming  from  the  high  catchment  bfisin  are 
probably  of  greater  value  for  irrigation  purposes  than  those  of  any 
other  stream  in  central  California,  being  used  exclusively  for  the 
raising  of  grapes  and  deciduous  fruits  in  the  neighborhood  of  Fresno, 
Selnia,  and  Hanford.  The  summer  flow  of  this  river  is  now  entirely 
diverted,  and  during  the  dry  season  of  the  last  few  years  the  scarcity 
of  water  has  worked  many  liardships.  There  is  a  large  surplus  of 
water  in  this  river  in  the  spring,  due  to  the  melting  of  snows,  which 
is  now  going  to  waste,  and  which,  if  stored  in  suitable  reservoirs,  would 
bring  larger  areas  under  cultivation.  The  mountainous  basin  of  this 
river  has  been  systematically  explored  for  reservoir  sites.  For  a 
detailed  statement  concerning  the  hydrography  of  King  River,  see 
Water-Suppl}'^  Paper  No.  58,  by  J.  B.  Lippincott..  Two  gaging  sta- 
tions were  formerly  maintained  on  the  river,  one  at  Red  Mountain 
and  the  other  at  Kingsburg,  Cal.  The  station  at  Red  Mountain, 
established  September  3, 1895,  is  located  15  miles  east  of  Sanger,  Cal., 
and  southwest  of  Red  Mountain.  The  station  is  on  what  is  called 
"the  lower  section  of  No.  9  "  of  the  lumber  flume.  It  is  located  at 
the  mouth  of  the  canyon,  above  all  divei'sions.  The  bed  of  the  stream 
is  of  gravel,  and  few  changes  have  been  noticed  in  the  cross  section 
since  the  establishment  of  the  station. 
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Dtscharge  nieasurenients  of  King  /?*ivt,  Fretnio  County. 


Date. 


Hydpotrraphor.  ^^^ 


June  20,1900     E.  G.  Hamilton 


Aug.  31,1898     J.B.Lippincott. 


Sept.  4, 1899 
Sept.  4, 1900 
Sept.  24,1903 

Do 


Sept.  4, 1899 

Do 

Sept.  4, 1900 

Sept.  27,1900 

Sept.  4, 1899 

Sept.  4, 1900 

Sept.  24,1902 

Sept.  17,  nK)2 


Do 
Do 


S.  G.  Bennett . 

do 

L.  M.  Lawson 

do 


S.  G.  Bennett . 

_      do 

_.    .do 

do...     . 

do  ....   .. 

do 

L.  M.  LawBon 

E.  T.  Perkins 


do 
do 


Sept.    18,1902    do 

Do. -do 


Do. 
Do. 

Do. 


do 


Sept.  22,1JK)2 


Do 


Do 


Do 


do 


do 


Sept.  23,1902  I do 


Sept.  22,1902 
Sept.  34,1902 


L.M.  Lawson 
do 


Feet. 


I 


Dischar^. 


Local!  tv. 


Sec.-fmet. 

21.7 


do 

do    ' 

do ' 

1 

do ..' 

164 

151 
229 
131 

Dry. 

Dry. 
o 

84 
1 

.:j 

Dry. 

4.8 

3. 5 

1.5 
1.5 
7.3 

3 


5 


3 
75 
32 

29 

I* 
.  t 

1.5 
11 

35 
81 


Boulder  Creek — Cr*)sj»inc 
of  upper  trail  fromKisk-? 
River  Canyon  to  Bear- 
skin Meadow. 

Church  ditch  ( Fresno  Ca- 
nal), near  head. 

Do. 

Do. 

Church  ditc^h  at  road  ir  i^^ 
ing. 

Fowler  Switch  Canal,  near 
head. 

Do. 

Gk>nld  Canal,  near  head. 

Do. 

Do. 

KingsbnrK  Canal  at  ht-.i'l 
Do. 

KingsbnrK  Canal  at  Pini 
croHsini?. 

Dinkey  Creek,  75  yanls  It- 
low  bridge. 

Bear  Creek- 
Deer  Creek. 

North  Fork,  \m  >-ar<i- 
above  trail  crostdns;. 

North  Fork  Creek  I*'!  •* 
Crown  Meadow. 

North  Fork,  Crown  CV-t 

North  Fork,  Blue  C\iDv  r 
Creek. 

Middle  Pork  at  Simp?*«i 
Meadow. 

Bubbs  Creek,  100  rari- 
alKDve  junction. 

South  Fork,  100  j-ardsK 
low  trail  i'rofising. 

Granite  Creek.  50  yarl- 
above  bridge  on  tr*c 
crossing. 

Copper  Creek. 

Roaring  Cr«»ek  at  xrji- 
crossing. 

North  Fork  at  mouth. 

'76  Canal  at  Trimin-- 
Springs  road  crossing- 
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Discharge  measurements  of  King  River,  Fresno  County — Continued. 


Date. 


Hydrographer. 


beigft.    I>i«el^rg«, 


Sept.  22 


Sept.  2.5 


Jan. 
Mar. 

Apr. 

Feb. 

Apr. 

Jnne 

July 

Sept. 

Nov. 

Dec. 

May 

Apr. 

July 

AuK- 

Sept. 

June 


10 

23 

o 

<«/ 

11 

11 

6 

3 

17 

10 

3 

23 

28 

21 

26 

30 

26 

19 


An^.  26 

May  23 

Aug.  19 

Sept.  — 

St?pt.  3 

Nov.  24 

Apr.  12 

June  12 

Nov.  1 

Feb.  13 

Apr.  5 

June  1 

July  15 

Sept.  9 


1902 

1902 

1895 
1895 
1895 
1896 
1897 
1897 
1897 
1897 
1897 
1897 
1897 
1898 
1898 
1898 
1898 
1902 
1900 

19(K) 
1900 

1900 

1900 
1895 
1895 
1896 
1896 
1896 
1897 
1897 
1897 
1897 
1897 


Feet. 

I^.  M.  Lawson 

..._do .. 

A.P.  Davis 

6 

J.  B.  Lippincott 

4.1 

.  ...do 

3.3 

J.  A.  Vogelson 

5.7 

J.  B.  Lippincott 

5.6 

-.-dp 

5.2 

....do 

8.6 

..  -do 

5.2 

A.  Q.  Campbell 

3.2 

...do 

4.8 

J.  B.  Lippincott 

4.8 

-.   .do 

6.2 

do    

6.6 

do 

3.9 

...do ... 

3.4 

L.  M.  Lawson 

E.  G.  Hamilton 

H.  E.  Green 

• 

E.G.Hamilton 

....do 

J.  S.  Eastwood . 

A.P.Davis 

4.3 

J.  B.  Lippincott 

3.8 

J.  A.  Vogelson 

6.35 

J.  B.  Lippincott 

10.  H5 

...do 

4.2 

do 

5.2 

do --- 

6.82 

...do  

10.02 

A.  Q.  Campbell  . . . 

f  .  1  < 

...do  

4.1 

Locality. 


Sec. -feet.  ' 
2 


74 

1,830 
500 
407 

1,883 

905 

I       825 

5,959 
503 
221 
465 


500 


1,026 

1,658 

305 

94 

117 

11.6 

153 
6.8 

4.3 

15 

524 

248 

1 ,  745 

15,941 

404 
1.021 
2,047 
8,8^^ 
3. 333 

295 


a  Grade  of  river  at  KingBburg  affected  by  diverston  dam 
below. 


of 


Enterprise  Canal  at  Trim- 
mer Springs  road  cross- 
ing. 

At  bridge,  1  mile  north  of 
Reedley. 

Eingsbnrg.a 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Long  Valley,  300  feet  be- 
low junction  of  Ten- 
mile  Creek. 

Middle  Fork  at  Tehipiti. 

Mill  Creek,  sec.  13,  T.  13 
S.,R.24E. 

North  Fork,  Dusy  Mead- 
ows. 

North  Fork. 

Red  Mountain. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Last  Chance  Company,  2  milee 
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Disvharyt'  mraHurementit  of  King  River,  Fresno  County — Continued, 


Dat^ 


Diacharge. 


Nov. 

Dec. 

Apr. 

May 

July 

Aug. 

Dec. 

Apr. 

May 

June 

June 

Aug. 

eept. 

Dec. 

Apr. 

May 

Juno 

Aug. 

Sept. 

Sept. 

JLiec. 

Jan. 

Feb. 

Apr. 

May 

July 

Oct. 

Sept. 

Oct. 


1 
22 
20 
29 


07 


31 

21 

19 

15 

3 

26 
o, 

4 

8 

4 

16 

19 

10 

4 


07 


29 
31 

28 
4 
21 
30 
17 
21 


10 


Sept.  4 
Sept.  4 
June  25 
Sept.  2 
Dec.    23 


LiCK-Alitx. 


1899 
19(K) 
1895 
1895 
1897 


S.  G.  Bennett 

do 

J.  B.  Lippincott 
A.  P.  Davis 
J.  B.  Lippincott 


Red  Monntain. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

I>o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

South    Fork,    jui^t    1>1'» 
junction  of  Middle  Fork 

"  76  •' ditch  at  head. 
Do. 

Suspension  bridge. 
Do. 
Do. 
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Estitfuited  numthly  discharge  of  King  River  at  Slate  Pointy  Fresno  County, '' 

[Drainai^  area,  1,742  square  mileH.] 


Mouth. 


1878. 


Noveml>er 
December 


1879. 


January .  _ . 
Febmarj'  . 

March 

April   

May 

June 

July 

August  ._. 
Septemljer 

October 

November . 
December  . 


The  year 


18S0. 


January  . . 
February  . 

March 

Ai>ril 

May 

June -  - 

July 

August  -.- 
Septeinljer 
October  . . . 
November 
December . 


The  yejir 


Rau-oflf. 

Mean  di»- 
charge. 

Sic-ft-et. 

Total  diH- 
charge. 

Per  Bquare 
mile. 

Depth. 

Acre-feet. 

Sec-feet. 

Inches.    > 

800 

17,851 

0.17 

0.19 

290 

17, 831 

.17 

.20 

870 

22, 750 

.21 

.24 

870 

48,317 

.50 

.52 

1,970 

121,131 

1.13 

1.30 

4, 750 

282, 645 

2.73 

3. 05 

5,090 

312,972 

2.92 

3.37 

3,760 

223, 736 

2.16 

2.41 

1 ,  650 

101,455 

.95 

1.10 

:i80 

23, 365 

.22 

.25 

270 

16, 066 

.15 

.17 

280 

17,217 

.16 

.18 

400 

23, 802 

.23 

.26 

i         1,440 

88, 542 
1.281,998 

.83 

.96 

1,769 

1.02 

13.81 

720 

44,271 

.41 

.47 

1,040 

59, 821 

.60 

.65 

1,120 

68, 866 

.64 

.74 

5, 280 

311,207 

3.00 

3. 35 

7,120 

437, 792 

4.09 

4.71 

9, 540 

567,669 

5. 48 

6.12 

4,800 

295,141 

2.76 

3.18 

1,150 

70,711 

.66 

.76 

370 

22,017 

.21 

.23 

220 

1 

13, 527 

.13 

.15 

220 

13,091 

.13 

.15 

510 

31,359 

.29 

.33 

2,670 

1,935,472 

1.53 

20.84 

IRR  HI— (J3- 


n  Authority,  (California  State  engineer. 

-8 
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JCxtinuitcd  vionthly  discliarge  of  King  River,  etc. — Continufxl. 


Month. 


18«1. 

January  

February  

March 

April _. 

May 

June 

July 

August 

September 

Octol)er 

November 

December 

The  year 

1882. 

January 

February  

March 

April 

May 

June 

July 

August 

Septeml)er 

October 

November.. 

December 

The  year 


Mean  din- 
charge. 


Sec. 'fret. 

870 

2,430 

1,900 

5,800 

8,220 

5,010 

4,790 

050 

340 

250 

230 

260 


2, 562 


380 

440 

1,250 

3,170 

9,190 

0,410 

2,020 

G20 

390 

610 

470 

340 


Total  dis- 
charge. 


Run-off. 


"'"m^r"'       I>-'''^ 


Acre-fert.     '     Srr. 

53,494 
134, 955 
116,826 
345, 124 
505.428 
298,116 
294, 526 

39,967 

20,231 

15, 372 

13, 686 

15,987 

1,853,712 


20,906  ' 


0.50 

1.39 

1.09 

3.38 

4.72 

2. 88 

2.75 

.87 

.20 

.14 

.13 

.15 

1.47 


2S,  365 

.22 

24,436 

.2.5 

76, 859 

.72 

188,628 

1.82 

565,071 

5. 28 

381,421 

3.68 

124,205 

1.16 

38, 122 

.36 

23, 207 

.22 

37, 507 

.3.5 

27,967 

.27 

1.-.^ 


n    1- 


.4.: 


IIM* 


."^ 
•J  I- 

*  • 

e  ^ 

4.:: 

I. 


.20 


2,107     1,531,694 


1.21 


Uk^*> 
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Entiviated  vumthly  discharge  of  King  River,  etc, — Continued. 


Month. 


1883. 

Jannary 

February 

March 

April 

May 

Jnne 

July 

August 

September _  _ 

October 

November . 

December 

The  year 

1884. 

January 

February 

March 

April 

May 

June 

July 

August -. 

September 

October -. 


Mean  di»- 
cbargb. 


Total  dis- 
charge. 


Sec-feet. 

Acre-feet. 

320 

19, 676 

340 

18,883 

1,050 

64,562 

2,220 

132,099 

6,700 

411,967 

6,730 

400,463 

1,460 

89, 773 

600 

36, 893 

480 

28,562 

430 

25, 825 

260 

15, 471 

220 

13, 527 

430 

2,620 

3,610 

3,370 

9,210 

17,630 

13,210 

3, 570 

880 

900 


26, 440 

150,704 

221,970 

200, 529 

566, 301 

1 ,  049, 058 

812,251 

219,511 

52,364 

55, 339 


Run-off. 


Per  sqnare 
mue. 


1,733     1,257,700  ' 


Sec. 


.99 


.25 
1.50 
2.07 
1.93 
5.29 
10.12 
7.58 
3.05 

.51 


Depth. 


■feet. 

Inches. 

0.18 

0.21 

.20 

.21 

.60 

.69 

1.27 

1.42 

3.85 

4.44 

3.86 

4.31 

.84 

.97 

.34 

.39 

.2S 

.31 

.24 

.28 

.15 

.17 

.13 

.15 

13.55 

.29 

1.62 

2.39 

2.15 

6.09 

11.29 

8.74 

2.36 

.57 

.60 
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Estimated  inonthly  diseharge  of  King  River  at  Red  Mountain,  J*Wsno  CuHut^. 

[Drainage  area,  1,742  square  miles.] 


Month. 


1895. 
September  .. 

October 

November  .. 
December . . . 


The  year 

1896. 

January 

February 

March 

April _ . . 

May - 

June 

July 

August  __-   ... 

September 

October 

Noveml)er 

December . 


Discharge. 


Maximnm. 


Minimum. 


Sec-feet.         Sec-feet. 
3, 920  360 


520 

1,834 

520 


3,920 

11,020 

1,140 

7,020 

4,600 

22, 100 

18, 920 

6,680 

1,212 

590 

510 

1,076 

550 


The  year 22,100 


1897. 


January  _ 
February 
March  ._ 


Aiiril 

May 

June 

July 

August 

September. 
October  _ . . 
November. 
December . 


The  year 


624 

6,344 

4,408 

9, 380 

22. 732 

10,580 

4,040 

1,100 

480 

572 

2, 520 

8,348 


;:,732 


320 
250 
250 

250 


390 

728 

820 

390 

1,140 

5, 160 

1.212 

590 

390 

310 

390 

470 


310 

360 

1,100 

1,240 

1,930 

6,344 

2, 520 

1,036 

440 

250 

270 

360 


rtro 

•J  <  w 


250 


Mean. 


Total  dis- 
charge. 


Sec-feet. 
t  to 
371 
368 
328 


Acre-feet. 

46,294 
22,813 
21,898 
20,168 


461 


111,172 


1,474.8 

825.4 

1,710.6 

1 ,  938. 5 

5,918.1 

12,737.3 

3,742.2 

795.9 

491.3 

350 

538. 5 

498.4 


2, 585. 1 

437 

1,631 

1,884 

5,318 

14, 470 

6,145 

2,177 

739 

329 

394 

692 

985 


1,872,991 


2,933 


26, 870 

90,581 

115,843 

316, 442 

889,731 

365, 652 

133, 859 

45,440 

19, 577 

24, 226 

41,177 

60. 566 


Bnn-off. 


P€»r 

flqoare 

mile. 


Sec.-fert. 

0.45 

.21 

.21 

.19 


.27 


Dtjiti 


IftCiiK 


.i- 


i.:u 


90,683 

.85 

47, 477 

.47 

105, 181 

.98 

1 15, 349 

1. 11 

363, 890 

3.40 

757, 932 

7.31 

230,110 

3. 15 

48,938 

.45 

29,234 

.38 

21, 530 

.20 

32,043 

.31 

30.645 

.39 

•t* 


14* 


f 

1.48  ' 


-►' 


.:S 


it*V.- 


.35 


,92  ! 
1.06  ' 

8. 15 
3. 45 
1.22 

.42 

.18 

.33 

.39 


.55 


l.e: 
8.  - 

1.4 

.4: 


3,129,964  1.65 


44 


»» 


"Authority,  United  States  Geological  Survey. 
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Estimated  monthly  discharge  of  King  River,  etc. — Con  tinned. 


Month. 


1898. 

January 

Fehniarv  

March 

April     . . 

May  . . 

Jnne 

Julv 

August 

St^pteml)er 

CK*t<)l)er  .    

November 

Decemlier  .    . . . 

The  year 

1899. 

January 

February. 

March 

April 

May 

June . . 

July . . . 

Aupn^ist _ . 

September  .    . . 

October  .  _ 

November 

December    .    .  _ 

The  year 


DuM'harge. 

Total  diH- 
(haxve. 

Ruu-off. 

Mfiximum. 

Minimnm. 

Mean. 

Per 

Mjuare 

mile. 

Depth. 

Srr.-fevt. 

Sfv.-feft. 

Sec-feet. 

Acre-feet. 

See.-feet. 

Inches. 

624 

440 

506 

31,113 

0. 29 

0.33 

1,170 

480 

705 

39, 154 

.40 

.41 

1,170 

520 

895 

55, 032 

.50 

.58 

7, 820 

1,036 

3, 547 

211,061 

2.00 

2.23 

G,  520 

2, 450 

3, 536 

217,422 

1.99 

2.29 

'         3, 280 

1,310 

2,122 

126,267 

•     1.20 

1.34 

1,310 

440 

696 

42,796 

.39 

.45 

'            400 

215 

320 

19,676 

.18 

.21 

780 

145 

204 

12, 139 

.12 

.13 

728 

215 

320 

19,676 

.18 

.21 

285 

215 

231 

13, 745 

.13 

.14 

1 ,  450 

180 

315 

19,369 

.18 

.21 

7, 820 

1  -     —  - 

145 

1,116 

807, 450 

.63 

8.53 

'         1,310 

250 

513 

31,543 

.29 

.33 

1 ,  036 

440 

660 

36, 055 

.>«* 
.•>< 

.39 

'       20, 200 

624 

2, 165 

133, 121 

1    oo 

1 .  <»<«/ 

1.41 

'        7, 300 

1,834 

4,512 

268,483 

2. 54 

2.83 

'        4,780 

1,450 

3, 568 

219,388 

2.01 

2.32 

10,300 

2, 852 

6,077 

361,607 

3.42 

3.81 

2, 852 

676 

1,411 

86, 759 

.79 

.91 

624 

250 

411 

25,271 

.26 

285 

180 

215 

12,793 

.12 

.13 

1,205 

180 

378 

23, 242 

.21 

.24 

1,240 

345 

638 

37,964 

.  36 

.40 

5, 096 

400 

991 
1,795 

60. 934 

.56 
1.01 

.64 

20, 200 

180 

1 , 297, 760 

13.67 
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Estimated  monthly  dinchurge  of  King  River,  etc. — ConrinTietl. 


Month. 


1900. 

January 

February  

March 

April  

May _ . . 

June  - 

July, 

August 

September  .  _ . 

October 

November 

December 


The  year 

1901. 

January 

February  

March 

April 

May 

June  - -  - 

July 

August 

September  . . . . 

October 

November . 

December 


Diachargo. 


Run -off. 


Maximum. 

Sfc.  fett. 

12,700 

849 

2,584 

2,852 

9,400 

7,900 

2,584 

624 

520 

440 

15,700 

972 


15,700 


Minimam. 

Sec. -feet. 

849 

676 

728 

1,546 

1,930 

2,986 

572 

250 

215 

215 

250 

572 


The  year 


43, 930 

7,040 

4,490 

10,840 

21,830 

21,180 

13, 240 

6,260 

780 

2,034 

1 ,  450 

1,170 

43, 930 


Mean. 


Total  di» 
charge. 


Per       1 
mile. 


"c.-feet. 

Acre-feet. 

S^-.-Ar/ 

/«♦  kr* 

1.689 

103,  a53 

0.97 

l.li 

748 

41,542 

.4:^ 

M 

1,712 

105,267 

.98 

1.13 

2,098 

124, 840 

1.30  ' 

l.:« 

5,881 

361,609 

3.:$8 

3.yD 

5, 127 

305, 078 

2.94 

:<.^: 

1,278 

78,581 

.73 

.M 

398 

24,472 

.2:i 

.26 

301 

17,911 

.17 

.\^ 

309 

19,000 

.18 

4* 

1,310 

77, 950 

.  75 

.>n 

726 

44,640 

.42 

A^ 

215       1,798 


520 
1,040 
2, 034 
1,642 
5,548 
7,040 
3,280  j 
728  i 
440  ' 
360  ' 
480  i 
440  ! 


4,337 

3,319 

2,965 

4,492 

11,093 

14,363 

6, 258 

2,292 

534 

535 

694 

668 


1,304,743 


1.03 


14.  r: 


360       4, 296 


266,672 

190,392 

182, 31 1 

267, 293 

682, 082 

854,658 

384,789 

140, 930 

31,775 

32,896 

41,296 

41,073 

3,116,167 


2.49 
1.90  j 
1.70 
2.58 
6.5J7 
8.25  I 
3.59  ' 
1.32 

.31 

.31 

.40 

.as 


I 


o   47 


'1   s" 


•>*       III 


1.H6 


2.'*: 


7.'.* 

4.U 
l.'rj 

.4> 


3:5.  "t: 


LIPPINCOTTl 


KING   RIVER, 


119 


EHthtuited  mtmthlf/  diMchargc  of  King  River,  etc. — Continued. 


Month. 


1902. 

January  

February 

March 

April 

May  _ 

Juno 

July 

August 

September  . . . 

Octol)er 

November  . . . 
December 


DihC'haripe. 

Maximum. 

.  _      .    _ 
Minimum. 

Sev.-feet. 

Mean. 

Total  d;8 
charge. 

rec.feet. 

Sec.  feet. 

Acre-feet. 

520 

360 

440 

27, 055 

2,a52 

360 

065 

36, 932 

4,490 

1,040 

1,422 

87, 312 

26, 380 

1,450 

4,163 

247,716 

13, 760 

3,440 

6,532 

401,687 

13,240 

1 

3,760 

8,063 

479, 782 

3,600 

1,040 

1,638 

100,717 

910 

320 

626 

38,491 

360 

250 

304 

18,089 

520 

.       215 

265 

16,294 

1,170 

250 

451 

26,836 

1,040 

400 

497 

30,559 

1       26, 380 

215 

2,089 

1,511,420 

Run-off. 

Per ' 
Hquare 
mile. 

Depth. 

*iec.-feet. 

Inches. 

0. 25 

0.29 

.38 

.40 

.82 

.95 

2.39 

2.67 

3. 75 

4.32 

4.63 

5. 16 

.94 

1.08 

.36 

.42 

.17 

.19 

.15 

.17 

.26 

.29 

.29 

.33 

1.20 

16.27 

LITTLE   ROCK   CREEK. 
LHjtcJuirge  meaHurernents  of  Little  Rock  Creek,  Los  Angelen  County. 


Date. 


Hydrographer. 


June    2, 1896 
Apr.  20,  1896 


June  2, 1896 

Feb.  9,  1897  j do 

Apr.  7,  1897  \ do 

Jan.  5,1898    do 


J.  B.  Lippincott 
J.  A.  Vogelson 
J.  B.  Lippincott 


July   19,  1900 


B,  Cole 


Locality. 


Head  works  Little  Rock  irriga- 
tion district. 

Head  works     South     Antelope 
Valley  Water  Company. 

Do. 

Do. 

Do. 

Do. 

Pumped  water  in  cienaga. 


LOBETUS    CREEK. 
Di4tcharge  measurenient  of  Lobetus  Creek,  San  Mateo  County. 


Date. 


Hydrographer. 


Oct.    17,  1893  I  W.  W.  Brier 


Dis- 
charge. 


Sec-feet. 
0.18 


Locality. 


1  mile  above  month. 
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fjfO.M 


LOGSDON  AND  FARREL  DITCH,  SAN  BERNARDINO   COUNTY. 

See  San  Boriiardiiio  Valley,  Logsdoii  and  Farrel  ditch. 

LOMA    ABAJO. 

The  Lonia  Abajo  was  measured  hy  Charles  J.  Joliansen  for  the 
Paei  fie  Improvement  Company,  as  indicated  below.  The  point  oi 
measurement  was  a  short  distance  al)ove  the  junction  -with  the  Gato. 
At  the  time  of  these  measurements  no  wat-er  was  flowing'  in  the  pip^ 
line  from  the  Loma  Abajo  to  the  Ontare  ranch. 

List  of  (li4ichnrge  meamirenieiits  of  Ijomn  Abajo  Rif*er  in  Santa  Barixim  f^mni^. 


Date. 


Feb. 
Feb. 
Feb. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 
Apr. 


4 

14 


27 


o 

»w 

4 
6 
9 
11 
13 
15 
17 
21 
23 


25 


27 

29 

31 
o 

4 
6 
8 

10 
12 
14 
17 
18 
20 


24 
26 


1890 
1890 
1890 
1890 
1890 
1890 
1890 
189P 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 


Hydroifraphor. 


Charles  J.  Johanseu 
do 


.do  - 
_do  - 
_do  . 
.do  . 
.do  . 
_do  _ 
.do  . 
-do  _ 
-do  _ 
.do  . 
.do  . 
-do 
-do 
.do 
-do  _ 
-do 
-do  . 
_do  . 
-do  . 
-do 
.do  . 
-do 
-do 
.do  . 
-do 
-do  - 
-do  - 
-do 


'      Dis- 
charg^i. 

1  Sec-feet. 

Li«jeality. 

'       3.84 

Above  junction  'wnth  Gata 

3.00 

Do. 

5. 67 

Do. 

.3.21 

Do. 

3.00 

Do. 

2.80 

Do. 

2.80 

Do. 

2.24 

Do. 

•   2.06 

Do. 

2.06 

Do. 

1.88 

Do, 

1.88 

Do. 

1.88 

Do. 

1.55 

Do. 

1.55 

Do. 

1.55 

Do. 

1.39 

Do. 

1.39 

Do. 

1.39 

Do. 

1.23 

Do. 

1.23 

Do. 

1.08 

Do. 

1.23 

Do. 

1.08 

Do. 

.92 

Do. 

.76 

Do. 

.76 

Do. 

.76 

Do. 

.76 

Do. 

.76 

Do. 

LI  PPI  NiXJTT.l 
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Lint  of  (UHchar(fe  meaHurvments  of  Jjima  AJnijo  Riv.'r,  etc, — Continued. 


L>Rt4*. 


Hy  drt  >{?i*aplier . 


Apr. 

Apr. 

Mav 

May 

May 

Mav 

May 

May 

May 

May 

Mav 

May 

Ma3' 

Mav 

May 

May 

Mav 

May 

June 

June 

Jnne 

June 

Jnne 

June 

June 

June 

June 

June 

June 

Jnne 

June 

Jnne 

June 

July 

July 

July 

July 

July 

July 

July 


2.S 

80 
o 

4 
G 

S 

10 

12 

14 

16 

18 

20 

20 
oo 

24 
26 

2X 

;jo 
1 

8 
5 

J) 
11 
13 
15 

17 
U) 
21 
23 


2ri 


27 


29 
1 
3 

5 

f* 
i 

0 

11 

13 


ISSM) 
ISIM) 

ism) 

1S»0 
181M) 
1S90 
ISJK) 
IHOO 
1K90 
1890 
1S90 
1H90 
1H90 
1890 
1 890 
1890 
1890 
1890 
18tK) 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
18JM) 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1890 


( 'harles  J.  Johansen 

i    ..     clo... 

! do 


Di«- 


L<x-ulity. 


.do 

.do 

do 

do 

-do 

-do 

.do 

.do 

.do 

do 

.do 

.do 

.do 

.do 

.do 

-do 

.do 

.do 

.do 

do 

-do 

-do 

_do 

-do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


S*'r.-/e»'t. 


0.  76 

A1k)Vi»  ,i unction  with  Gato 

.76 

Do. 

.76 

Do. 

.68 

Do. 

.  68 

Do. 

.(M) 

Do. 

.60 

Do. 

.60 

Do. 

.46 

Do. 

.60 

Do. 

.  53 

Do. 

.  53 

Do. 

.74 

Do. 

.59 

Do. 

.59 

Do. 

.61 

Do. 

.61 

Do. 

.59 

Do. 

.58 

Do. 

.49 

Do. 

.49 

Do. 

.44 

Do. 

.  4< 

Do. 

.47 

Do. 

.42 

Do. 

.  50 

Do. 

.  56 

Do. 

.  52 

Do. 

.49 

Do. 

.42 

Do. 

.45 

Do. 

.42 

Do. 

.37 

Do. 

.34 

Do. 

.42 

Do. 

.26 

Do. 

*>4 

Do. 

.  23 

Do. 

.24 

Do. 

.24 

Do. 
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Lht  of  discharye  vteasurenients  of  Loma  Ahajo  JRivei\  etc. — Continnetl. 


Date. 


July 

15, 1890 

July 

17, 1890 

July 

19, 1890 

July 

21,1890 

July 

23, 1890 

July 

25, 1890 

July 

27, 1890 

July 

29, 1890 

July 

31,1890 

Aug. 

2,1890 

Aug. 

4, 1890 

Aug. 

(5, 1890 

Aug. 

8,1890 

Aug. 

10, 1890 

Aug. 

12, 1890 

Aug. 

14, 1890 

Aug. 

17, 1890 

Aug. 

19, 1890 

Aug. 

21,1890 

Aug. 

2a, 1890 

Aug. 

25, 1890 

Aug. 

27, 1890 

Aug. 

29, 1890 

Aug. 

31,1890 

Sept. 

2,1890 

Sept. 

4, 1890 

Sept. 

0,1890 

Sept. 

8,1890 

Sept. 

10, 1890 

Sept. 

12, 1890 

Sept. 

14, 1890 

Sept. 

16, 1890 

Sept. 

18, 1890 

Sept. 

20, 1890 

Sept. 

22,1890 

Sept. 

24, 1890 

Sept. 

26, 1890 

Sept. 

28,1890 

Sept. 

30, 1890 

Oct. 

2.1890 

Hydr(.>Ki*aphei'. 


Charles  J.  Johanseii 

...do  

...do  

....do 

...do 

...do : 

...:do 

....do 

...do 

..--do 

.  ..do 

...do 

...do 

...do 

.  ...do 

....do  ..._ 

do 

...do 

....do 

...do 

...do 

....do 

....do 

...do 

....do 

....do 

...do 

...do 

...do 

....do 

do 

...-do 

....do 

....do 

.  ...do .. 

...do 

...do 

do 

....do 

....do 


DLs- 
charj^. 


Sec-feet. 
0.24 
.20 
.23 
.17 
.20 
.18 
.21 

t 

m   't  i. 

OQ 
.  •wO 

.24 
.26 

.20  j 

.18  I 

.24  I 

.27  ■ 

.30 

.12 

.13 

.17 

.11 

.13 

.12 

.11 

.09 

.07 

.08 

.12 

.06 

.09 

.07 

.09 

.09 

.11 

.08 

.09 

.12 

.13 

.14 

.30 

.20 


Ltx-aility. 


AlM)ve  jniiction  ^Hth  iinv 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do.  . 
Do. 
D<). 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


I^IPPISCOTT.] 
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List  of  iliscJuirge  vieaHurements  of  lAnna  AJxtjo  Rivei%  etc. — Continued. 


Date. 


H  y  drographer. 


Oct.  4,1890 _. 

Oct.  C,1890 

Aug.  18, 1890,  a.  m 
Aug.  18, 1890,  p.m. 
Aug.  21, 1890,  a.m. 


Charles  J.  Johansen 
do 


Dis- 
charge. 


Locality. 


do 
do 
do 


Aug.  2 1. 1890,  p.  m ! do 


May  21,1890 
Do 

June  4,  1890 
Do 


do 
do 
do 
do 


Sec-feet. 

0. 14  I  AlK)ve  junction  with  Gato. 
.14  ,  Do. 

.  07  ;  Below  Upiwr  Forks. 
.04  '  Do. 

.11  Do. 

.04  Do. 

.46  I  Upper  Forks— East  Fork. 
.07  I  Upper  Forks— West  Fork. 
.31  I  Upper  Forks— East  Fork. 
.06  I  Upper  Forks— West  Fork. 


LOPEZ  CREEK. 


jyisicharge  riieoisuremeiits  of  lA>pez  Creek,  San  Luis  Obispo  County. 


m 

Date. 

Hydrographer.                ^£J?^^ 

Locality. 

Nov.  19,  1897 

1  Ser.-feet. 

W.W.  Brier 5.51 

1 

10  miles  above  Arroyo  Grande. 

LOS  ANGELES  RIVER. 

Los  Angeles  Riv'er  heads  immediately  south  of  Santa  Clara  River, 
its  various  tributaries  receiving  their  supply  from  the  mountains  sur- 
rounding tlie  San  Fernando  Plains.  It  passes  out  of  the  lower  end  of 
the  i)lain  through  a  narrow  valley  known  as  The  Narrows,  at  the 
lower  end  of  which  is  the  city  of  Los  Angeles.  The  streams  entering 
San  Fernando  Valley  have  brought  down  immense  quantities  of  sand 
and  gravel  from  the  mountainous  area,  and  thus  have  formed  the  San 
Fernando  Plains.  This  coarse  deposit  acts  as  a  natural  regulator, 
ab.sorbing  the  flood  watei'S,  which  gradually  appear  lower  down.  The 
rainfall  of  Southern  California  has  been  deficient  for  the  last  few 
vears,  but  the  discharge  of  Los  Angeles  River  at  The  Narrows  has 
lieen  exceptionally  constant,  the  decrease  in  1000  being  not  more  than 
20  i)er  cent  of  the  average.  On  account  of  the  numerous  lawsuits 
kvhicli  have  arisen  regarding  water  rights  on  this  river,  a  thorough 
itudy  of  its  discharge  has  been  instituted  by  the  city  of  Los  Angeles, 
the  work  being  under  the  direction  of  J.  B.  Lippincott,  as  consulting 
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en^iiiet^r  for  Iho  city.  The  majority  of  the  measiireiiients  have  Wn 
iiuido  by  C.  A.  Miller,  although  a  inimber  of  them  were  nia<lo  by  F.  II 
OIuisUhI,  city  eugineer.  Several  weirs  have  been  placed  in  the  riwr 
where  the  measiirementa  are  made.  The  points  of  measurement  aiv 
as  foUows,  in  order  downstream : 

Weir  A.  at  the  intersection  of  Pacoima  avenue  with  Los  AnKeles  River,  iu  t:?- 
LankerRhiin  Rancho  subdivision. 

Weir  B,  at  the  intersection  of  Vineland  avenne  with  Los  Angeles  River. 

Weir  C,  at  the  intersection  of  Fernando  avenne  with  Los  Angeles  River. 

Weir  E,  at  the  southwest  comer  of  block  78,  Providencia  Rancho. 

Weir  G,  at  the  intersection  of  the  east  line  of  block  71,  Providenciu  Ra!i<h»». 
with  Los  Angeles  River. 

Weir  L,  770  feet  al)ove  weir  H. 

Weir  H,  approximately  800  feet  east  of  the  intersection  of  Buena  Vista  stTHLi 
with  Los  Angeles  River. 

Weir  I,  2,543  feet  below  weir  H. 

Weir  J.  600  feet  east  of  the  west  line  of  block  09,  Providencia  Rancho. 

Weir  K,  in  block  79,  Providencia  Rancho,  300  feet  west  of  center. 

Measuring  bridge  P,  near  the  southwest  comer  of  block  81,  Providencia  Ram  b" 
in  the  heatl works  site  of  the  city  of  Los  Angeles,  commonly  known  a^^  the  P"ia 
eroy  &  Hooker  tract,  where  river  tums  to  the  east  at  angle  of  90  . 

Measuring  bridge  Q,  a})out  4(M)  feet  above  the  junction  of  the  Venlti»r'»  W:i>h 
with  Los  Angeles  River. 

Measuring  bridge  No.  2,  about  000  feet  above  the  head  of  the  poiv€*r  dit«0:  * 
the  Los  Angeles  City  Water  Company,  in  the  so-called  Crystal  Springs  trat-t. 

Weir  No.  7,  1  mile  below  the  head,  in  the  main  supply  dit<^h,  soiuetiiue^^  t-all"; 
the  Woolen  Mill  ditch,  in  the  head  works  site. 

Measuring  point  No.  7B,  at  a  3-foot  cement  pii)e  in  the  same  ditch,  w^-^:  -  r 
bridge  No.  2  and  at  the  Los  Felix  ranch  house. 

Weir  No.  17,  opposite  bridge  No.  2,  on  what  is  called  the  Glassell  tribntar>'. 

To  get  the  total  flow  of  river  at  bridge  No.  2,  there  shonld  be  c«>mbined  'L- 
flow  at  bridge  No.  2,  weir  No.  17,  and  measuring  i)oint  No.  7B,  In  cAse  mea>r^- 
ments  were  not  taken  on  the  main  supply  ditch  at  No.  7B.  the  measnreiE-  -t 
observed  at  weir  No.  7,  above  No.  7B  on  the  main  supply  ditch,  was  used,  antl  t> 
loss  between  No.  7  and  No.  7B.  2.49  second-feet,  was  deducted.  This  is  showx  :* 
detail  in  the  table  for  bridge  No.  2.  For  bridge  Q  a  similar  prcx^ess  is  follow- : 
omitting  No.  17.  For  bridge  P  the  observed  flow  at  the  bridge  is  combinf^l  xr: 
either  the  flow  at  No.  7  or  at  No.  7B. 

Weir  No.  9.  at  the  mouth  of  Tujunga  Creek,  near  the  western  end  of  the  b^:*- 
works  site,  and  near  the  intersection  of  Buena  Vista  street  "with   Loe  Angv'  - 
River. 

Weir  No.  10,  ai)proximatcly  200  feet  west  of  weir  No.  9,  at  the  outlet  of  a  sie-^ 
cut  which  was  run  into  the  gravel  bed  for  the  development  of  ^'ater. 

Weir  M,  bloc^k  07,  Providencia  Rancho,  on  a  small  stream  ent-ering  the  riT'Tii 
the  headworks  tnu!t. 
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LHscharye  nieaHurementH  of  Lou  Angeles  River, 

AT  WEIR  A. 


Date. 


1899. 


jvj  Average 

^***^  for 


charge. 


month. 


Date. 


Dis- 
charge. 


•Sec. -feet.    Si'C.-feet. 


Au>^i«t  14 I     0.565 


August  19 

Sfi)tember  20. 
September  26. 
Octol)er  24  , . 
November  24 
November  28 
Dt»ceml)er  7  . 
Deceml)er  28  . 


Mean 


.660 
.  500 
.500 
.687 
.  725 
.721 
.678 
.768 


I  0.612 


I 

1} 


.500 

.687 
.  728 

.728 


.649 


1900. 

Mavl7 

June  12 

June  29 

August  1 

Augfust  8 

August  15 

August  31 

September  8 . 
September  1 1 
September  27 
November  10 

Mean  . 


Sec-feet. 

0.461 
.461 
.402 
.810 
.368 
.873 
.480 
.878 
.400 
.328 


Avei-age 

for 
month. 


Sec-feet, 

0.461 
I      .  481 


.870 


368 


880 


.402 


AT  WEIR  B. 


0.500  !     0.5(K) 
.  500 


1899. 

August  14 

September  20 .500  ^ 

September  26 1       .500  ) 

October  24  _  _ '      .  755 

November  24.. .937  ^ 

November  28.. 941  / 

December  7     864  \ 

De<eml)er  28  _ I       .982  J 


1900. 
May  17. 0.482 


J  iYO 


939 


923 


June  12 

June  29 

July27 

August  1 

August  15 

August  81 

September  8 . . 
September  11. 
September  27 . 
November  10. 


.430 
.280 
.160 
.180 
.197 
.219 
.209 


228 


.176 
.  260 


0. 482 

1       .  855 

.160 

.198 


.203 
.260 


Mean 


.728 


Mean 


.276 
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DtHcharye  vivamirenientH  of  Loh  Angeles  River — Continiie<l. 

AT  WEIR  C. 


Date. 


j^       Average 
charge.  I  ^^^^.j,^ 


Date. 


1899.  I  Sec-feet. 

August  14 ...J      3.88 

August28 2.88 

September  20  _ '      2 .  69 

September  26 2 .  26 


October  9  . . . 
October  24  . .. 
November  24. 
November  28 
December  28 


Mean 


2.88 
2.98 
3.45 
3.42 
3.44 


Sec-feet. 
2.88 


} 
I 
} 
} 


2.48 

2.93 

3.43 
3.44 


3.03 


1900. 

May  17 

June  12 

July  27 

August  1 

August  8 

August  15 .  -  - 
August  31 . .  - 
September  8  _ 
September  1 1 
September  27 
November  10 

Mean  _ 


AT  WEIR  E. 


1899. 

August  14 

August  28 

September  20 . 
September  26 . 
October  25  . .  . 
November  17. 
November  28. 
December  13  . 
December  21 
Decemlxjr  26  . 


O.  00    Pk 

5.55  / 

1} 


5. 35 
5.25 
5. 99 
0. 53 
6.24 
6.24 
0.24 
6.30 


} 


5. 55 

5.30 
5.99 

6. 38 

6. 26 


Mean 


5. 89 


1900. 

May  15 

June  12 

June  29 

July  12 

July  27 

August  1 

August  15 

August  31 

September  8 
September  11 
September  27 
November  10 

Mean 


Ser.-fre^t. 

2.98 
2.91 
2.4,1 
2.50 

2.48 
2.48 


2.55 


1.58 
2.38 
1.63 
2.42 


tin 

2  i* 


•2.:»! 


l.>* 


4  H 

«.    !• 


±:d 


5.45 

A.  ;-■ 

1       -"i.  18   ) 
4.81    1 

►      4.'/,* 

4.80    1 
4.80    1 

•      4.  SI 

4.53    1 

4.47 

4,r. 

4.88 

4.49 

4.65 

4.4- 

4.30 

4.67 

4.tr 

4  "^ 
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Diacharge  rtircasnrernents  of  Lor  Angeles  River — C>)ntinne<l. 

AT  WEIR  G. 


Dato. 


1899. 

August  14 

August  28 

September  20 
September  26 
October  0  . . . 
October  25  _ . 
November  17 
November  28 
December  13 
December  21 
December  26 

Mean 


charge,  i   ^^„^j^_ 


Sec-feet.    Sec-feet. 

.92 


Date. 


Dis- 
charge. 


Average 

for 
month. 


Sec-feet. 

7.94 


7.63 


7.00 


1900. 

May  15- 

June  12 

Jime29 

July27 1      6.45 

August  1 6. 45 

August  15 '      6.80 

AugustSl !      6.87 


Sec 


September  8  _ 
September  11 
September  27 
November  13 

Mean  _ 


6.72 
7.00 
6.68 
6.99 


} 


AT  WEIR  L. 


-feet. 
7.94 

7.31 

6.45 

6.70 


6.80 

6.99 
7.03 


1899. 

August  14 

August  28 

September  20. 
September  26. 

October  9 

October  25  . . . 
October  27  . . . 
November  17. 
November  28. 
December  13  . 
December  21  . 
Decemljer  26  . 

Mean  . . 


9.00 


8.74 


9.23 


10.04 


10.11 


I, 


9.42 


1900. 

May  15- 

May  23 

June  12 

June  29 

July  27-- 

August  1  - 

August  8 

August  15 

August  31 

September  8 . . 
September  1 1 . 
September  27. 
November  10. 

Mean  . 


.85  ^ 
.73   / 

1} 


8.85 

8 

8.62 

8.30 

7.53 

7.53 

7.59 

7.69 

8.02 

'^.82 


8.79 


8.46 


7. 53 


7.92 

8.34 

8.12 
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Discharge  meajnireinentft  of  Los  Angeles  River — Cod  tinned. 

AT  WEIR  H. 


Date. 


Dis- 
charge. 


Average 

for 
month. 


Dato. 


Di»- 


12. 19 
11.60 


1899. 

August  14 

August  28  - .  - 

September  20 ... 

September  26 '  12. 03 

October9 '  11.60 

October  25 '  12.66 

October27 .'  12.66 

November  17-..     ...  13.73 

November  28 13.47 

December  13.    .         ..^  13.42 

December  21  __       .....  13.64 

December  26 13. 80 


Mean 


Svc'.-feet.    Sec. -f eft. 

11.88  ' 


I  12. 

) 


04 


11.82 


12.31 


I  13. 


60 


13.62 


12.68 


1900. 

May  15 

May  23 

June  12 

June  29 

Julv27 

August  1 

August  8 

August  15 

August  31 

September  8. 
September  11 
September  27. 
November  10 

Mean  . 


S*r<r.-feet. 
11.42 

11.21 
11.01 
10.68 
9.96 
9.96 
10.16 
10.13 
10.57 
10. 15 
10.39 
10.03 
10.54 


f..r 


.Srr-r. 


/ 


11. 


!(   !••• 


s 


9.**; 


'    in.:- 


10.19 


AT  WEIR  I. 


1899. 

August  14 

August  28 

September  20  _ 
September  26. 

October  9 

October  25  .  . . 
November  17. 
November  28  _ 
Deceinl)er  13 . 
December  26  _ 


17.18 
16.91 
17. 15 


} 


17.04 


17.15  \ 
17.33  !}  ''■'' 


17. 19 
18.33 
19.04 
18. 72 
18. 93 
18.99 


17.76 


18. 88 


18. 96 


Mean 


17.9' 


1900. 

May  15 16. 

May23 16. 

June  12 15. 

June  29 15. 

July  12 15. 

July27 14. 

August  1 14. 

Augusts 14. 

August  15 14. 

August  31 14. 

Septemlier  8 . . .   14. 

September  11 14. 

September  27 14. 

November  10 14. 

Mean _  _ 


25 


05  J 
66  \ 
49   / 

58    I 

74    i 

37 

94 

69  ' 

80 

54 

74 

31  j 

92 


16.:' 
1".  :•' 


14.  :h 


14.  V 

14.  :-: 
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Diactuirtje  laeiuiurtmeiitH  of  Los  A ngcles  River — Continued. 

AT  WEIB  J. 

Note. — Tutal  clisclmrj^  t>f  rivor  at  weir  J  (HiuaLs  diuebarvu  over  weir  +  -diacharife  ut  Nu.  7,  or 
+  No  7B  +  2.49. 


August  14 

Auj^nst  28 

September  20 
September  2G 
October  9  ... 
October  20  . . 
November  17. 
November  28 . 
December  13 
December  26 


Mean 


May  15-  _    ..- 

May  23 

Jane  13 

Jane  21)  _.  . 
Angnst  15 . .  - 

Angnst  31 

September  8- 
September  11 
September  C7 
November  10 

Mean 


Dttte. 


1899. 


1900. 


No.7B+\^.  «^«'weir. 


Total  dis- 
charge for 
woir. 


Average 
for  month. 


.'-ifcinui-J't'et. 
18.59 
17.90 
17.90 
18.28 
18.08 
17. 45 
18.00 
13.78 
13.90 
13.66 


SfcotuL-feet. 
0.  55 

.49 
.49 
.49 
.44 

i.ai 

2.91 
0.71 
6.84 
0.73 


20. 09 
16.37 
19.81 
16.31 
18.49 
19.25 


19.81 
17.59 
14.84 


1.39 
1.67 
.86 
.86 
.41 
.43 
.42 


.52 


.39 
1.49 


} 

39  .» 


Serond-ft'ft 

19.14 
18.39 
18. 39 

18.  M 

18.52 
19.30 
20. 93 
20.40 
20. 24 
20. 39 


'.yfV(md-fcet. 


f 


2i.-;i5 

18.04 
20.67 
17.17 

18.  90 
19.71 


1 
( 


!/ 


20.  lis  \ 
17.98    / 


16 


18.76 
18.58 
18.91 
20.71 
2:).  31 
19.45 


19.76 
18.92 

19. 31 


19. 15 


10.83 


18.69 


IRK  81--03-^ A) 
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IHavharge  vwaisurevienta  of  Lou  Amjelvs  Hirer — Coiitintied. 

AT  WEIR  K. 

NoTK.— Totol  ditMihiirKo  of  river  at  weir  K  ecinals  diwhart^e  over  w«lr   \   cM'^'-iartf*'  at  N' 
+  No.  7B  +  2  4;). 


Angnst  14 

August  28 . . . 
September  20. 
September  26 
October  9  .  . 
October  25  . 
November  17 
November  2H 
December  13 
December  20 


Mean 


May  15 

May  2a 

July  2 

August  1  ... 
August  15 . . 
August  Jil... 
Sei)tember  S . 
September  1 1 
September  27 
November  10 . 


Date. 


1899. 


1900. 


Diachargre  1  rjiHrharcft  Total  di*^  »  . 
atNo.  7,  or  ?rJ^'S«f,.  charge  for  frJ^y 
No.  7B+2.40. ,  *^^  «»^  ^*'»'^-  I         w5ir.         ^^'^  ^  * 


I  I 

-rrtmd-ffet.  Sertjtul'feet.^  Srcond-f^rt. 


18.59 
17.90 
17.90 
18.28 
18.08 
17.45 
18. 02 
13.78 
13.90 
13. 60 


4.13 

;].93 

3.91 

3.98 

4.13 

5. 70 

6.97 

10.69 

10. 09 

10.92 


2»>  70 


21.82 

21.81 

22.26 
00  01 

23.  15 
24. 9y 
24.47 
24.59 
24.58 


-H  r 


-X   ,1 


7   / 


:'4.: 


i\. 


t\s 


20.09 
16.37 
16.32 


18.49  i 
19.25  , 


19.81 
17.59 

U.84 


4.94 
4.94 

2.71 


2.55 


2.81 
2.80 
2.50 
4.12 


25.03  \ 
21.31  I 
19.25 


2;'. 


Vi.V 


'^^'^    \         o, 


21.  K)    ' 


22.61 


I 


•:\.-^ 


2<>.09  / 
18.96  ^'^ 


Mean 


•il,    ^' 
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Dufcharye  vieaHiiremeutH  of  Ltm  Angelett  River — Continued. 

AT  BRIDUE  P. 

NoxK. — Total  diHuhargi^  of  river  at  bridi^e  P  eiiaaLM  dls**harj<o  iit  l»ridi<c  +  dist^harge  at  No.  7,  or 
f  diHohar^e  at  No.  7B. 


August  2ii ..'.. 
September  20 
September  27 
(.)ctoT)er  10  . . 
October  25  _ 
October  HH  - . 
N<>veml)er  17 
November  28 
December  i:J 
December  26 

Mean  . 


May  15 —    .. 
May2;d-    

eliine  12 

July  2 

July  12 

August  1 

August  8 

August  lo... 
September  8 
Sei^tember  11 
September  28. 

Mean  . 


Dat*5. 


1899. 


1900. 


at  brid'<i\ 


18.66 
17.90 
18.66 
18.08 
17.45 
17.45 
18.02 
13. 18 
i:j.90 
i;j.66 


Set 


'*tntl-/<'ff. 
20. 22 
19. 36 
21.08 
19.81 
17.62 
21.06 
20.73 
27. 75 
31.94 
::7.67 


Total  di»- 

cbarRe  at 

bridge. 


.SVc•<mr/-/e♦'^ 


38. 88 


37.26 
39.74 
37.89 
35. 07 
38. 51 
43. 75 
40. 93 
45. 84 
41.33 


Average 
for  month. 


S('c 


17.60 
13.88 
17.32 
13.83 
14.00 
14.00 
14.00 
16.00 

17.32 
15.10 


21.22 
20.28 
18.59 
19.51 
16.99 
17.04 
18.71 
19.94 
19.26 
19. 67 
18.38 


I 
} 

I 


;J8.82  X 
34.16  J 
35.91  I 
33.34  \ 
30.99  '^ 
31.04 
32.71 
35. 94 


36. 99 
33. 48 


-feet. 

38.88 
38. 50 


37.16 


42.34 


43. 58 


40.09 


36.49 
35. 91 

32.16 
33. 23 


35. 23 


34.60 
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Diitciuirge  metufurniwnts  of  I^>n  Angelex  River — (./<iiitinuwl. 

AT  BRIDGE  Q. 

N(»TK.    Tt>tal  diM<:bari;u  of  rivor  at  bridK<»  Q  etjaalfl  diwharKB  at  Q  +  diMcfaan^*  Kt  X«i 

or  \  N.K  7B. 


f» 


Date. 


September  20 
September  27 
October  10  . . 
October  25  . . 
October  28  . . 
November  17 
November  29 
December  13 
Decembei  26 

Mean  . 


May  15 

May  23 

June  12 

July2... 

July  12 

August  1 

September  8 . 
Sei)tember  11. 
September  28 

Mean  . 


1899. 


1900. 


Dia(!harKe  '  rki.^K«—«>.     Total  du-       *,.«-. 
»t  No.*^       S^hS^T      charge  at     f'^J^r: 
7-2.49.  or  7B.    »*  ^"dgo.        brldTKe.       't>rm..L' 

'  "\ 
Strcond-feet .  Srcund-fr*ft.  S*ctntd-f*-^t.     ;*»  /»  * 


15.41 

16.17 

15.59 

8.21 

8.23 

9.36 

12.20 

11.41 

11.17 


28.12 
27.99 


£i .  t  i 


27.66 
36.48 
39.71 
33.89 
35.99 
31.86 


43. 5:j 
44.16 
43.  :J6 
a5.  S7 
44.71 
49.07 
46.09 
47. 40 
4H.  (« 


4,.N 


-t . .  •». 


1 1 .  '^^ 


4:..:;: 


44. -J:' 


17.60 
13.88 

28.42 
27.97 

46. 02 
41.85 

\ 
( 

4::.'«: 

17.32 

27.64 

44.1*6 

44.  i^' 

13.83 
14.00  ! 

26. 20 
24. 79 

40.0:i 
38.79 

1 
f 

;£•.;! 

14.00 

24.48 

;i8.4>{ 

:>.  4- 

1 

27. 09 

—  —  ~—  ^*-..        . 

,  . 

. .  _ 

17.32  ' 

26. 22 

43.  .>4 

I 

4:;.'«* 

15. 10 

2^).33 

44.4;^ 

1 
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r>isc7ifirge  meannrenientsi  of  Lor  Angeles  River,  Los  Angeles  County,  near  bridge 

No.  i^. 


Date. 


Hydroffrapher 


Dis- 
charge. 


Locality. 


Jnne    15,  iaS9 

r>o 

r>o. 


Wm.  MnlhoUand 

do 

do 


Jtily     15,  iaS9     Wm.  Mnlholland 
Do do 


I>o 


Sec-feet. 

36.7  '  River. 

11.1  j  Power  ditch. 

11.2  Main  supply  ditch. 

59. 0 

33. 3  River. 
11.0     Power  ditch. 

i  I 

do 14. 1     Main  supply  ditch. 


Total     flow    at 
bridge  2. 


Nov.    18,1891 

Do 

I>o- 


Total  at  bridge  2.       58. 4 


Wm.  MulhoUand 

do 

do .. 


Nov.  — 
Do 
Do 


I             Total  at  bridge  2. 
.,  1893  I  Wm.  Mnlholland 


do 
do 


Feb.     2S,  1898    do  . 

Do ' do  . 


Do- 
Do- 


do 
do 


68.0 

10.0 

3.0 

81.0 

58. 8 
15. 0 

(V) 

51.8 
15.0 


River. 

Power  ditch. 
Main  supply  ditch. 


River. 

Power  ditch. 
Main  supply  ditch. 

River. 

Glassell  tributary. 

Main  sui^ply  ditch. 

Power      ditch.      measurement 
above. 


Total  at  bridge  2.       67.5 
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THuchnrge  measurements  of  Los  Angeles  Rwer  at  bridge  No.  2. 

NoTK.-  Total  dLschargu  of  rivor  at  bridge  No.  2  equals  diHcharge  at  Ni).  2  +  dificharKO  at  N 
7B,  or  No.  2  ^-  No.  7    2.4». 


I>ate. 


1899. 

August  19 

August  25 

September  20 

September  27 

October  10 

October  25 

October  28 

October  31 

November  17 

November  29 

December  13 

December  26 


Mean 


1900. 

May  16 

May  23... _ 

June  12 

July2-.. 

July  13 

August  1  - 

August  H 

August  15 

August  31 . . 

September  8 

Septeml^T  11 

September  28 

November  10 ... . 


Total  dis- 


DiBcharge 

at  No.  7-   ,  DiBcharge     Dischai-RC     ^h^iTS      Avera^r- 
2.49,  or  No. '    at  No.  17.      at  bridge.        SS^f      forronjtl 

4  0. 


Sec.-fert. 

15.59 

16.17 

15.41 

16.17 

15.59 

8.21 

8.23 

8.78 

9.36 

12.20 

11.41 

11.17 


S('c. 


17. 60 
13. 88 
17.32 
13.83 
15. 32 
14. 00 
14.00 
16.00 
16.76 


17.32 
15. 10 

14.84 


■feet.     I 
0.06 
.06  \ 
.06 
.06 
.05  ' 
.05  : 
.05 
.05 
.06 
.06 
.07' 
.07  I 


.14 
.14 
.14 
.10 
.14 
.10 
.10 
.10 
.10 


.20 
.08 
.10 


Sec.'feet. 

41.29 
42.41 
40.23 
40. 07 
39. 35 
48.88 
44. 45 
48.73 
49. 71 
43.40 
46.69 
46.89 


Sec-feet. 
56.94 
58.64 
55.  70 
56. 30 
54.99 
57.  14 
52.  73 
57.56 
59. 13 
55.66 
58. 17 
58. 13 


Sec.-fr^t. 


39. 61 
38.46 
39. 23 
35.38 
40.10 

34. 62 
34. 77 
38.58 
35. 36 
34. 27 
35. 56 
34.28 
39. 45 


} 
1 


57.  :i5 


} 


I 


52. 4>^ 
56. 69 
49. 31 
55. 56  / 
48.72 
48. 87 
54.68  ( 
52.22    J 


53. 08 
49.46 
54. 39 


:} 


57.  ?i 


rj6.i«' 


r»7.I2^ 


.>.  i:» 


.¥•.!« 


52. 4;^- 


il.l:! 


■:i   <>■ 


Mean 


51 


54.:Jy 


5:1 4^ 
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Ai\'rngc  discharge  of  i>w  Angeles  River  at  weir  No.  !). 


Month. 


I      lim. 


1901). 


Month. 


January  . 
Febmary 

March. 

April 

May 

June 


Sfc.-feet. 

Sfc-feet 

1.17 

0. 52 

1.00 

.49 

1.16 

.39 

1.10 

.38 

.71 

.:J0 

.69 

.24 

July 

.49  \   August  ... 
September 
October  . . . 
November 
December . 


1899. 


1900. 


Sfc.-feet.  I  Ser.-feef. 
0.55  0.15 

.48  '  .18 

.44  .20 

.64    

.56  ' 


Average  discharge  of  developed  trater  at  weir  No,  lo. 


Month. 


1899. 


1«)0. 


Month. 


1M99. 


Svc.-feei.  ■  Sec-feet. 


Ser.'/eet. 


Tannary . . 
February 
March  — 

A.x>Til 

May  _  .  -  -  - 
Tnne 


0.89      July ...        0.79 


0.96 
.93 
.90 
.86 


.  81  August  . . . 

.  86  September 

.  79  October . . . 

.82  ,  November 

.79  December. 


1900. 


Sec.-ftrt. 


.79 
.83 
.86 
.94 
.91 


0.74 
.73 
.70 


Average  discharge  of  smxdl  tributary  of  Los  Angeles  River  at  tceir  M. 


Month 


1899. 


Discharge. 


Sec. -feet. 


Month. 


1899. 


Disoharpre. 


Fannary 
F'el>mary 
March  _ . 

^pril    

Vf  ay 

fnnr. 


Sev.-feet. 


0.29      July '   Dry. 


.20  '  August  ... 

.20  I  September 

.  14  I  October  . . . 

.07  November - 

.06  pecember 


Do. 
Do. 
Do. 
Do. 
Do. 


Xrenujr  discharge  of  cut  of  West  Los  Angeles  Water  Company  in  San  Fernando 

Valley,  from  gra'^el  beds  of  Los  Angeles  River. 


Month. 


tfay     -- 

Fnne 

rnly     .- 
Vn^TUflt 


lim. 


imi 


Sec-fret.  !  Sec-feet 


6.01 


Month. 


1«9'.). 


1900. 


Sec-fret. 

5.79  September 6.02 

5. 85  October 5. 94 

5. 75  November . 6. 07 

5. 87  December  .  .     6. 08 


S4'c-fert. 
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Ar>erage  (fiwhnrge  of  Los  Angeles  River. 


Measuring  point. 


Weir  A 

WeirB- 

WeirC. 

WeirE 

WeirG 

WeirL. 

WeirH 

Weir  I  . 

Weir  J . 

WeirK 


Bridge  P 

Bridge  Q 

Bridge  No.  2 


distance 

alon^ 
river. 


ATerage 
discharge.       Rate  of     ,   dischai 


Interven-      discharge,       Kate  of     ,   dlsctiargp 
August  to  I     growth     j  May  to  So- , 


December, !      per  100      |     vember, 
inclusive,      feet,  JsM.       inclnfdve. 
1809.        I  1900. 


IUte<.f 
fee*,  31 


Feet. 


10,280 
3,488 
7,069 
4,585 
1,041 
770 


2,543 

I 

3,926  I 

. I 

3,600  I 

6,345 
4,629 
6, 756 


Ser.-feef. 

0.649 

I 

.723 
3. 03 
5.89 
8.33  ' 
9.42 

I 

12.68  '. 

17. 97  I 

---  -  —  ---I 
19. 45 

23.06  • 

40. 09 

I 

44.49  ' 
56. 99 


0.001 
.066 
.039 
.053 
.105 
.434 
.210 
.038 
.100 
.268 
.095 


Src  'feet. 

0.402 


.^76 


4.84 

7.  as 

8.12 
10. 51 
15.17 
18.69 

30.  ai 

34.60 
42. 15 


..Tii 


1>< 


.ia5 


53. 46 


1^ 


,1^: 
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Discharge  measureinents  of  Los  Angeles  River ^  Los  Angeles  County. 


Bate. 


Hydrographer. 


I  charge. 


Anff.  21,18d9 

Jan.  9,1901 

Sept.  20,1901 

Auk-  21,1899 

Oct.  9, 1900 

Sept.  21,1901 

Nov.  22,1900 

I>o 


Do. 


Aug.  21,1899 


S.  G.  Bennett 
L.Mesmer  .. 
S.  G.  Bennett 
do 


W.  W.  Cockins 
S.G.Bennett .. 

do 

do 


do  . 
do  . 


Sfc.-ft. 

0.0 
50.0 
0.0 
.44 

.19 
.22 

18.7 
.05 

10.  GO 

0.0 


Locality. 


Pac'xiima,  month  of  canyon. 

Do. 

Do. 

Tnjnnga.     Headworks     Monte 
Vista  Canal. 

Do. 

Do. 

Tnjnnga  Railroad,  main  line. 

Tnjnnga,  3  miles  below  above 
measurement. 

Tnjnnga  Railroad,  main  line, 
flood  marks. 

Tnjnnga — little. 


IHscJiarge  measurements  of  Los  Angeles  River  atpiimjnng  stations  in  Sail  Fernando 

Valley. 


Year. 


1897. 
1898- 
1899. 
1900. 


Hydrographer. 


J.B.  Lippincott. 

do 

..   ..do  ._ 

do 


Dis- 
charge. 


Remarkfl. 


iiec.-ft. 

«0.11 
«.33 
«.99 

«1.77 


Total  ontpnt,  4  plants. 
Total  ontpnt,  7  plants. 
Total  ontpnt,  21  plants. 
Total  ontpnt,  33  plants. 


«  Reduced  to  continuous  flow  for  summer  months. 


LOS  FLORES  CANYON. 


I.1OS  Flores  Canyon  is  situated  on  the  southei-n  slope  of  the  Sierra 
Madre,  in  Los  Angeles  County.  The  area  of  the  drainag:e  basin  above 
the  line  of  township  1  north,  above  which  all  diversions  oeciir,  is  0.;J5 
square  mile.  The  canyon  is  in  granite,  largely  shattered,  with  pre- 
vailing lines  of  cleavage  extending  northwest  to  sontheast,  but  with 
other  distinct  lines  bearing  northeastward.  Below  tlie  mouth  of  the 
canyon  are  the  beautiful  Pasadena  Mesa  lands.  The  scarcity  of 
w^ater,  coupled  with  the  general  desirability  of  these  lands,  has  caused 
much  "  development  work"  to  be  done  for  the  purpose  of  increasing 
the  water  supply.  Twelve  tunnels  in  all  have  been  run  into  this 
granite  i-ock.  The  experience  has  been  that  as  the  fissures  and 
cracks  of  the  rock  are  opened  a  considerable  di.scha;'ge  has  resulted 
for  a  period  of  a  few  weeks,  after  which  the  flow  decreased,  and  the 
tunnels  would  then  again  lie  extended  or  new  ones  run. 


138 


CALIFORNIA   HYDROGRAPHY. 


[xo>l 


Frt-i. 


•C 


¥> 


Following  is  a  list  of  lh<»  tunneLs,  showing  fcheir  lengths: 

Los  Flores  tunnel: 

No.1 \ 

No.  2 ._ - 

No.  3 

No.  4 ^ 

Mining  tunnel Tt 

Twaddell  tunnel- 13) 

McNally  tunnel 4-10 

Los  Flores  tunnel: 

No.  5 1S5 

No.  6 475 

No.  7.. - 2U0 

No.  8 35? 

Twaddell's  Tiptop  tunnel , IS 


Total  length 2.172 

From  the  nature  of  the  drainage  basin  and  the  data  obtaine<l  from 
neighboring  streams  a  reasonable  natural  run-off  from  this  drainage 
basin,  including  flood  waters,  of  from  0.10  to  0.15  second-foot  might 
be  expected  in  average  years. 

The  granite  bed  rock  in  the  drainage  basin  is  covered  with  a  few 
feet  of  coai-se,  disintegrated,  granitic  soil,  very  absorbent  of  water. 
Rain  falling  upon  this  is  rapidly  absorbed,  and  the  tunnels  show 
within  a  few  weeks  the  effect  of  rainfall.  During  the  years  when 
measurements  of  the  tunnels  were  made  the  rainfall  was,  as  a  rule, 
much  below  normal.  In  the  following  discharge  measuremonts  all  the 
water  which  is  diverted,  both  developed  and  natural  flow,  is  included, 
but  probably  a  few  winter  storms  occurred  that  produced  greater  run- 
off than  the  capacity  of  the  diversion  pipes,  and  consequently  some  of 
the  water  must  have  escaped  unmeasured. 

The  lesson  to  be  drawn  from  this  particular  case  is  that  the  expend- 
iture of  the  large  amount  of  money  required  to  construct  these  tun- 
nels was  ill  advised,  the  water  supply  having  been  not  materially,  if 
at  all,  increased  beyond  the  normal  flow  of  the  canyon  prior  to  the 
construction  of  the  tunnels.  A  similar  experience  is  the  result  of  like 
work  in  Eaton  Canj^on,  which  adjoins  the  Los  Flores  to  the  east. 

DiscJiarge  measurement h  of  Los  Flores  Canyon,  Los  Angeles  County, 


Diitt\ 

Mean  dis- 
charge. 

Remarks. 

1895 

Sec-feet. 
0.18 
.10 
.12 
.08 
.10 
.09 
.09 

22  inches  of  rain. 

1896.. 

10  inches  of  rain. 

1897 

21  inches  of  rain. 

1898 

9  inches  of  rain. 

1899...    . 

7  inches  of  rain. 

1900 

1 1  inches  of  rain. 

1901 

^^^___^_^_^___,    -■• __  —  -_-_« 

12  inches  of  raid. 

LIPPINCOTT.] 
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LYTLE  CREEK. 

This  Hiuall  stream  drains  the  southeru  slope  of  the  Sierra Madre  and 
JiseliarjL^es  its  wati*rs  on  the  plains  northwest  of  San  Bernfii*dino. 
Althoujx^h  it  drains  a  comparatively  small  area  of  52  square  miles,  at 
the  mouth  of  the  canj^on  its  waters  are  important  for  irrigation  pur- 
poses. Owing  to  the  controversies  which  have  arisen  over  its  diver- 
*;i(>ns,  a  number  of  lawsuits  for  the  settlement  of  the  claims  have  been 
instituted  from  time  to  time.  A  number  of  measurements  of  this 
stream  at  the  mouth  of  the  canyon  from  1892  to  1896,  inclusive,  are 
;i^iven  l)elow.  They  are  copied  from  court  records  of  proceedings  in 
vvhich  the  water  supply  of  this  creek  was  involved.  These  cases  were 
tried  in  the  San  Bernardino  courts  by  Judge  J.  W.  McKinley.  The 
measurements  were  made  by  A.  II.  Koebig  and  G.  O.  Newman,  on 
weirs,  and  are  believed  to  be  accurate. 

Di.^cfiarge   niecusureniejits  of  Lytle  Creek  at  mouth  of  canyon^  San  Bernardino 

County,  Cal. 


Date. 


1892. 

Fune  3 

r^eiitember  20 

^*j>t ember  IM) 

:  >ct4^>lx»r  28 

S'ovember  21 

N'oveiul>er  27 

189:J. 

Seiiteiiiljer  7 

!k»pteinber  18 

^X>teinl>er  25 

lct<>l>er  4 

1894. 

fune  6     -  -    

Fune  8 - 

Fnly  10 

filly  11    - 

Filly  25^ / 


Discharjfe. 

Sfcond-feet. 
35. 58 
18.70 
22. 04 
20.64 
22.04 
20.68 


Date. 


Discharge. 


49.20 
49.20 
46.34 
45. 30 


17.96 
15.50 
13. 22 
13.22 
13. 36 


1894. 

Aujjfust  19 

August  25 

October  3 

1S95. 

September  2 . . . 
September  30.. 

1896. 

March  3 

April  23 

April  24 

April  25 

Mav3 

May  4 

May  10 

May  25 

May  26 


St'Cimfl-feet. 


11.44 
12.32 
16.20 


56.10 
40.78 

18.08 
19. 14 
18.60 
20. 52 
18.52 
17.26 
18.16 
15. 32 
12.84 
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Bof^inning  in  181)4,  measurement  of  Lj'tle  Creek  were  also  made  hv 
II.  D.  Sibley,  who  was  zanjero  of  the  Lytle  Creek  (*ana]s  at  that  time. 
The  measurements  were  usually  made  because  the  discharge  of  tht- 
stream  was  below  nonnal.  In  the  winter  and  spring  only  the  amoimf 
of  water  needed  for  irrigation  was  turned  into  the  ditches,  hut  lat^rin 
the  summer  the  entire  flow  was  diverted.  These  mea«uremeTit«  cal>i' 
were  made  over  weirs  and  are  believed  tol>e  fairh^aecui-ate.  Diiriu. 
1898  trouble  was  experienced  through  miners'  taking  the  water  fnrni 
the  natural  channel  and  turning  it  into  dry  channels,  sluice  box«*N 
weirs,  mill  races,  etc. ,  thereby  causing  an  alleged  loss  of  fi-oin  20  to  -i 
per  cent  of  the  total  flow  of  the  creek.  Only  a  portion  of  these  latt^-r 
diversions  were  returned  to  the  creek.  The  measurement^i  of  Mr. 
Sibley  would  not  show  the  full  flow  qf  Lytle  Creek  at  all  times,  Mil 
sometimes  show  less  than  the  full  discharge,  for  the  reasons  nifi: 
tioned  above.  During  1899  the  amount  of  water  which  was  divert<^i 
into  the  main  canal  was  measured  daily  by  the  Anglo- Amerienii 
Canaigre  Company,  at  a  weir  erect€>d  near  the  head  of  its  cemtn' 
ditch.  The  volumes  given  have  been  occasionally  checked  by  \\<- 
ing  the  canal  and  making  meter  measurements.  It  is  l>elieve<l  tk' 
during  1899  practically  all  the  water  of  the  stream  was  diverietl  iiit«' 
the  canal. 
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Disfharyf,   in  second-feet,  of  Lytic  Creek  vuiin  ciiiutl  abotw.  Rialto,  San  Ber- 
nardino County,  Cal. 


[I> 

raiuage 
Apr. 

1894 

Mquaru 

inileH.] 

Day 

May.     June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1 

1 
i 

15.5 

»> 



3 

4 

24.1  1  17.2 

. 

10.9 

— 

13.5 

~       —  —  — 

,y . 

16.1 

10.8 

6 

22.6 

i . 

14.1 

10.8 

13. 

0 

11.4 

14.5 

S 

19.9 

9 

13.7 

10      .      - 

11             .  _ _ 

17.8 

18.5  '  14.3 

10.8 

13.7 

12           



la 

21.8 

' 

13.4 

14 

14.3 

13. 

2 

1 

15    .           --    

"* 

IC 

32.6 

1 
14.4 

I 

17 

19.1 

\ 

l.S 

15.0 

14.1 

13.7 

Tl. 

5 

14.5 

19 

--.- 

22.6 

20 

1 

21 

14.8 

1 

12.7 

o»> 

24.9 

11.9 

12. 

12.9 

2;i         

14.6 
14.9 

24              

18.2 

*^5 

• 

25. 4 

14.2 

20 

' 

27        . 

1 

15.0    , 

- .  . 

28                

16.6 

1 
'>0             _ , . . 

1 

! 

12.5 

■n      '  ' 

11.7 

13.4 
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1. 

2 

3 


DiHcharge,  in  nvvond-fvet,  of  Lytic  Creek  main  iHinal.  etv. — Continiittl. 

1895. 


Day. 


.   Apr.       May.     Juno.     July.      Aug.      Sept.        Ocrt.        Xov.     Ifc- 


54.  4 


5 


6 


68.0 


36.9 


01.4 


t  - 
8. 
9. 

10. 

11. 

12. 

13 

14. 

15. 

16. 

17. 

18- 

19_ 

20. 


33.9 


31.5 


48.8 


50,8  . 


50. 4 


44.8 


43.8    41.9 


»).5 


*24. 9 


21 


22 


OQ 


24 


*>5 


26 


28 
29. 
30 
31 


tJ'W.    «1 


47.1 


54.4 


36. 5     34. 5 


57. 5 - 36.  5    

_ 34.1      24.0 


:i4.5 


June  ■")  to  Augu.st  1(5,  dlU-h  broken;  no  men8ur<»ini«nt*«. 


UIPPINCX)TT.  1 
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IHscharyr,  in  acvmul-feet ,  of  Lytle  Creek  maiu  canal,  etc. — Continued. 

1«98. 


Day. 

1 

,  Jan.  ^ 

'            1 

1 

Pel>. 

Mar. 

1 

1 

1 

1  —  .  — 

1 

Apr. 

May. 

17.8 

June. 
14.1 

July. 



11.1 

Auk. 

Sept. 
13.2 

:  CXt. 

Nov. 

Dec. 

1 

t 

2  . 

3 

1 

I            ■              '              1               '              '                            1            i 
4  .      .    ' ' ' ' 

5_ 

20. 

1 

0 

1 

1 

12.2 

1 

6._    -_ 

11.4 





11.5 

19  2 

7 

' 

8 

1 
1 

! 

19.2 

' 

13.5 
12.5 

11.1 

12.2 

11.6 

i) 

10 

1 
1 

« 



16.0 

11 

.1 
12-      .    

11.9 

—  ... 

10.5 

13 

1 

1  - 

I 

4 

18.4 

1 

14 

24.9 

V>  2 

12.2 

16.0 

15 

16 

17.1 



13.7 

10.8 

17.0 

17 

19.8 



\H 

1 

... 

19.7 

11.3 

19 

20 - 

21 

10.5 

11.8 

12.0 

. 

"•"■"■ 

22 

16.0 

23 

12.5 
12.5 

11.1 

1 

24 

-  - 

-  ■  ■  -  - 

'>*2  4 

28.0 

2o 

^'j  _  -    -  -   -      -                          1 

26              '         

11.8 

20.0 

27* 

1 

10.7 

28              1    -  - 

13.5 

2U 

30  - 

tit 

-  ^  - 

17. 5 

lo.O 

—    . 

24.0 

tfM.                _    _    —    - 

1 

Heavy  rains  March  1  to  16  and  O<rhiibor  JW;  all  water  turned  out  of  canal. 
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IHseiutrgv ,  in  Hecond-feet^  of  Lytic  Creek  vuUn  vunal^  etc^ — Contmned. 

1897. 


Day. 

Jan. 

Poh. 

Mar. 

Apr. 

May           Jono. 

July. 

Aug. 

1 

i 

1 

3 

1 

3 

60.0 

_  _  _ 

1 
4 

36.0  j- 

5 

6. 

7 

1 

24.0 

60.0    

1 
' 'i " 

1 

1 

■         ]■ 

8 

. 

! 

■ 

9. 
10- 

16.0 

50.0 

'30.0    ' 

1 

11 

1 

12. 

• 

I 

10.6 

13          

14 

60.0 

1 
15 

1 

16. 

24.0 

34.0 

17 

t 

18. 

80.0 

....        .   . 

1 

1 

19. 
20 

60.0 

' 



21. 
22. 

50.0 

.   .    

■ 



1 

23 --    

' 

\ 

24 

1 

50.0 

25 

20.0 

•  ' 

60.0 

1 

26. 



*"             --- 

i                1 
27 '. --  - -- 

1 

28 



28.0 

56.0  1 

70.0         40.0 

( 

1 

29. 

1                1 

1 

1 

30 

t 

*      w      «      . 

1 

31 

.     .  . 

...     .... 



Haavy  rains  February  8  and  18,  March  JJ8,  Septoiub^r  W,    UlUcala  W*t«r  C<*inii«.uy  io«ik  rbATT 
of  statiou  June  1. 
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IX^fcharye^  tn  second-feet ,  of  Lytle  Creek  viain  canal ^  etc. — Continued. 


I>ay.       May.     June.     July. 

Day.       May.     June.  '  July. 

1 
1 

12 

Day.    ^  May. 

1 

Juno. 

July. 

1 10.9 

23 

3 

13...   1 

24.... 

1 

3_.    . 

1 

14....' 

■ 

25... 

4... 

15-..- 

13.9    

26 

5 

I 

1 

16.... 

27.   - 

6 

1 

17.-.. 

1 
1 

1 

'  28....    14.6 

9.0    

i     

:  18.... 

29 

1 

1 

8 

19.... 

30.... 
31.... 

1 

1 

9   . 

20... 

21.... 

11.5 

10 

i 

11 

22 ... . 

11.7 

1 

1 

No  zneosurcmcntH  for  January  to  April,  inclusive,  and  Auj^ist  t4>  December 

IKK  81— 0:j 10 

,  incluiilye. 
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Disctuirge,  in  tsevund-feet .  of  Lytle  Creek  main  canal,  etc. — Contiiined. 

188B. 


Day.    I   Jan.    '  ,Feb.      Mar. 


Apr.   '  May. 


1 .... 

11.1 

-- 
11.8 

11.2 

9.7 

2... 

11.1 

12.1 

11.1 

8.9 

3_..- 

12.1 

12.1 

11.2 

8.5 

4.-.. 

11.4 

12.4 

11.1 

12.6 

5.... 

11.7 

12.4 

10.8 

12.5 

6.-   . 

11.6 

12.5 

10.6 

12.1 

7--- 

11.6 

12.6 

10.4 

11.9 

8..- 

11.6 

12.4 

10.4 

11.8 

9..-. 

11.6 

12.1 

10.9 

11.7 

10.... 

12.0 

11.8 

10.6 

11.9 

11  .... 

16.1 

11.8 

10.6 

11.7 

12.--. 

13.1 

11.8 

10.6 

11.7 

13.... 

12.2 

11.8 

10.7 

11.0 

14.-.- 

12.0 

11.6 

10.7 

10.6 

15... 

11.9 

11.5 

10.7 

10.6 

16... 

12.0 

11.5 

15.3 

10.7 

17---. 

12.0 

11.5 

14.7 

10.6 

18.-.. 

12.0 

11.3 

13.7 

10.7 

19.--. 

11.9 

11.4 

12.3 

10.2 

20-.. 

11.8 

11.3 

13.7 

10.8 

21  .... 

11.7 

11.3 

13.1 

9.9 

22.... 

11.8 

11.3 

12.9 

9.9 

23.... 

11.7 

11.8 

12.8 

10.3 

24.... 

11.6 

11.8 

13.2 

10.6 

25.... 

11.6 

11.4 

14.8 

10.5 

26..-. 

11.6 

11.4 

13.5 

10.4 

27... 

11.6 

11.3 

13.4 

10.4 

28--.- 

11.6 

11.3 

13.6 

10.4 

29.... 

11.6 

13.6 

11.0 

30-... 

11.6 

13.5 

11.2 

31  .... 

11.7 

13.5 

Mean 

11.9 

11.7 

12.2 

10.8 

Jane.  ,  July. '   Aug.      Sept. 


11.2 

10.9 

10.9 

10.5 

10.5 

10.5 

10.5 

10.2 

11.8 

9.5 

9.5 

9.2 

9.6 

9.5 

9.8 

9.4 

9.4 

9.4 

9.7 

9.8 

9.5 

9.4 

9.4  I 

9.2  I 

9.2  ! 

9.0  ' 

9^.0 

9.0 

9.4 

9.3 


9.8 


12.2 
10.4 
9.7 
9.5 
9.4 
9.6 
9.2 
9.0 


7.2 


7.5 

8.2 
8.1 
7.8 

7.6 

7.8 
7.9 

nr     •» 

J.  I 
7.3 
7.5 
7.6 
7.4 
7.1 

7.2 

ft 
I 

7.3 

7.2 

6.7 

6.4 


^4 


8.1 


6.3 
6.8 
6.4 
6.4 
6.4 
6.4 
6.3 
6.2 
6.2 
6.0 
5.9 
6.0 
5.9 
5.9 
6.0 
6.0 
5.8 
5.4 
5.6 
5.6 
5.8 
7.2 
8.6 
9.3 
8.9 
9.2 
9.4 
9.5 
9.7 
9.6 
10.0 


9.4 
10.4 

9.6 
10.7 
12.2 
11.0 
10.8 
11.0 
11.0 

8.7 
12.0 
12.0 
12.2 
12.1 
12.3 
12.3 
12.2 
12.6 
13.0 
13.0 
12.5 
12.4 
12.4 
12.5 
12.4 
12.6 
12.5 
12.2 
12.3 
12.2 
12.1 


7.1 


11.8 


14.5 

15.1 

16.6 

16.7 

16.0 

16.0 

16.0 

15.9 

16.5 

16.1 

16.0 

15.8 

15.3 

15.4 

16.0 

15.5 

15.3 

14.3 

15.7 

14.9 

15.2 

16.1 

10.8 

10.4 

10.3 

10.3 

10.5 

10.5 

10.6 

10.6 


Oct- 

10.9 
10.8 
10.8 
10.8 
10.7 
10.6 
10.1 
9.9 
10.2 
10.8 
11.7 

12.4 
13.5 
12.7 
18.0 
13.0 
12.3 
12.0 
11.4 
11.2 
11.6 
11.9 
10.3 
10.7 
11.4 
11.3 
11.1 
11.0 
11.4 
11.3 


Xov.    D»5 


10.5 

10.3 

10.3 

10.6 

10.5 

10.6 

10.6 

9.9 

9.9 

10.0 

10.2 

10.5 

10.9 

11.0 

11,3 

11.7 

11.5 

12.0 

11.9 

11.8 
to  o 

12.7 
12.1 
12.0 
13.8 
11.7 
11.5 
11.5 
11.4 
11.2 


i:.i 
11.-; 

11.4 

11.1 
IIJ 
\\A 
II.:: 
\\S 
11-4 

i:.'i 

11.4 
11.:; 

11.2 
11.1 

11. i 
11  ;• 
11.'' 
ll.r 
11.6 

11.-- 
11.: 
II. 1 
11.1 

II.. 

11.: 
11  \ 
11.: 
u.i 
11.' 


11  2  1  11. 


a  Rain  in  mountains. 
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The  Kii miner  of  1808  was  one  during  which  the  smallest  stream  flow 
occurred  in  southern  California  of  which  we  liave  record.  The  period 
of  8niallest  summer  flow  was  during  the  month  of  September.  During 
til  is  minimum  i)eriod  the  Edison  Electric  Company  had  certain  meas- 
urements made  on  Lytle  Creek  at  half  hour  intervals,  to  determine 
tlie  diurnal  fluctuations.     The  discharge  of  the  stream  was  as  follows: 

Diacharge   inemsurernenta  of  Lytle  Creek  at  Millers  Narrows,   San  Bernardino 

County. 


Date. 


Sept.    15,1898 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do - 

Do 

Do. 

Do 

Do 

Do 

Do- 

Do-    

Do 

Do 

Do 

Do 

Do 

Do 

Do. 

Do 


Time. 


DiB- 
charge. 


7  a.  m 

7.30  a.  m  .. 

8  a.  m 

8.30  a.  in  .. 

9  a.  m 

9.30  a.  m_. 

10  a.  m 

10.30  a.  m . 

11  a.  m 

11.30  a.  m. 

12  m 

12.30  p.  m. 

1  p.  m 

1.30  p.  m.. 

2  p.  m 

2.30  p.  m  . . 

3  p.  m 

3.30  p.  m  . . 

4  p.  m...  . 
4.30  p.  m  - . 

5  p.  m 

5.30  p.  m  -  - 

6  p.  m 

6.30  p.  m  .  - 


Jept.    15,1898 

Do- 

Do 

Do 

Do 

Do. 

Do 


12-hour  mean 


/  p.  ni_ 

7.30  p.  m  . . . 

8  p.  m 

8.30  p.  m... 

9  p.  m. 

9.30  p.  m  .  - 

10  p.  m 


See.- feet. 

9.16 
9.16 
9.16 
9.16 
9.00 
7.94 
8.02 
8.02 
8.02 
7.74 
7.46 
7.34 
7.20 
7.20 
7.20 
7.20 
7.06 
7.06 
6.94 
7.06 
7.06 


7.34 


7.46 
7.46 


1 .  7i 


7.46 

7.74 
8.40 
8.58 
8.52 
8.72 
8.88 


Sept.  15, 1898 

Do 

Do. 

Do- 

Sept.  16, 1898 

Do 

Do 

Do 

Do 

Do 

Do- 

Do. 

Do -. 

Do-   

Do. 

Do. 

Do. 


Time. 


Sept.  16, 1898 
Do 


Do 
Do 
Do 
Do 
Do 
Do 


10.30  p.  m . . 

11  p.  m 

11.30  p.m.. 

12  midnight 
12.30  a.  m  . . 

1  a.  m. 

1.30  a.  m    .. 

2  a.  m 

2.30  a.  m  . . . 

3  a.  m 

3.30a.  m  ... 

4  a.  m 

4.30  a.  m    . . 

5  a.  m 

5.30  a.  m  . . . 

6  a.  m 

6.30a.  m  ... 


12-honruiean 


<  a.  m 

7.30  a.  m  -  - . 

8  a.  m 

8.30a.  m... 

9  a.  m 

9.30a.  m... 

10  a.  m 

10.30  a.  m  . . 


Dis- 
chargo. 


Sec-feat. 

8.88 

8.88 

8.88 

9 

9 

9 

9.16 

9.16 

9.16 

9.16 

9.16 

9.16 

9.16 

9.16 

9.16 

9.16 

9.16 

8.86 


Do I  11  a.  m. 


Do 
Do 
Do 
Do 
Do 


11.30  a.  m 
12m--.. 
12.30  p.  m 
1  p.  m.  ... 
1.80  p.  m  . 


9.28 

9.28 

9.16 

9 

9 

8.02 

8.02 

7.74 

7.74 

7.46 

7.20 

7.20 

7.06 

6.94 
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DUivhurge  iiwa^ure^mentH  of  Lytle  Creek  at  MiUera  ^'arrows,  etc. — CV>iitinneti 


Date. 


Time. 


Dis- 
charge. 


Sept.   1(5,1898 
Do 


Date. 


2  p.  in. 


2.30  p.  m 


Do '  3  p.  m 


Do 


3.30  p.  in 


Do 4  p.  m- .  - 

Do 4.30p.  in 

Do 5  p.  m. .. 

Do 5.30  p.  m 

Do 6  p.  m... 

Do. _  6.80  p.  in 


Sec. -feet. 

6.80  I,  Sept.  16, 1898 

6.94  I  Do 

Do 

Do 

Sept.  17, 1898 

Do 


7.20 
7.20 
7.34 
7.34 
7.46 
7.46 
7.60 
7.60 


12-hoiirinean 


Sept.   16,1898  7  p.  m._. 

Do 7.30  p.  m 

Do 8  p.  in--. 

Do 8.30  p.  m 

Do 9  p.  m. . . 

Do 9.30  p.  in 

Do 10  p.  in.. 


I .  to 


8.02 

8.88 
8.88 
8.88 
8.88 
8.88 
9 


Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 


Time. 

S*T.-?'*: 

10.30  p.  m.__-. 

9 

11  p.  m 

a 

11.30  p.  m 

y 

12  midnight    - 

t« 

12.30  a.  m  - 

v.:f. 

1  a.  in 

'.».  16 

1.30  a.  m 

i«.:« 

9  Jl.   Til 

y.  :•■. 

2.:30a.  m 

I*.  >■ 

3  a.  in . .  _ 

».  1'' 

3.30  a.  m    _ . 

v.i'- 

4  a.  in. ...    _ . 

9-1'; 

4.:iO  a.  m  . . 

1         M. ': 

5  a.  ni ... 

!^.-> 

5.JJ0  a.  m  .  . .  _ 

i*.'> 

6  a.  in .    . . 

•J/.^ 

6.30  a.  m 

!^.^ 

1 2-hoiiriiieHn 


If.-t 


The  following  measurements  were  made  by  the  United  Slates  (itr'^ 
logical  Survey : 

Diachiirge  laeaaiirententH  of  Lytle  Creek  at  mouth  of  eanyon,  San  lifrutmhn*^ 

County. 


Date. 

July  24,1896 
June  10,1898 
Aug.  27,1898 
Aug.  29,  1899 


Hydrugrapher.        clS?^. 


Date. 


Hydrojfpapber. 


rliar.r 


fU'c.-feet. 


J.  H.  Quinton.' 
J.  B.  Lippincott, 
F.  H.  Olmsted  i 
S.  G.  Bennett . .  | 


15. 7    !  June  8, 1900 
10. 7   j  Sept.29, 1900 


10.0 
12,5 


Apr.    4.1902 
Sept.  5,1902 


S.G.Bennett  ... 
W.W.Cockins.jr 
S.  G.  Bt?nnett  .  . 
W.B.Clapp   .... 


an 


MAMMOTH  CREEK. 

See  Owens  River,  Mammoth  Creek. 

MARIA  IGNACIA  CREEK. 
IHacharge  meaisureuwnt  of  Maria  Ignacia  Creek,  Santa  Barbara  Oattjtt^. 


Date. 


Hydix)|frapher. 


Aug.  —,1899 


Geo.  F.Wright 


^.•ha^*^ 

.Sec./' 


tilPPINrOTT.] 
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MARIPOSA  CREEK. 

Es/htiaiecl  month  I  y  dtHvhartji*  of  Mariposa  Creek  at  Intsu  of  foot  hills ,  MaHjmsu 

County,  ff 

[DrainaK^e  area,  122  Hquaro  uiilen.] 


Mnnth. 


18TS. 

November 

Deremljer 


IHTfl. 


January. 
Febmary 
March  _. 
April  ._. 


May 

Jnne 

Julv 

August 

St^jrt-ember 

( )ctober 

November. 
D(»<»ember  _ 


The  ypiir 
1880. 


January . . 
February 
March  . . . 

April 

May 

June 


Jnly 

xingust  .  - . 
Se]jteml)er 
October  .-. 
November 
December . 


The  year  . , 


DifM^hargo. 


Maximtini. 


Minimum.  I    Mr>An. 


Tola!  diB- 
charpo. 


Run-oiT. 


Sfc  -feet. 
0 
0 


0 


Sfc.-fvft.      Sec-feet. 
0  0 

0  0 


0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 


0  I 


0 
0 
0 
0 
0 
0 


0 
0 
0 

0  ' 
0  ! 


Acre- feet. 

0 

0 


0 
20 
4.-) 
43 

4 

0 

0 

0 

I 

0 ! 

o! 

0; 
15  j 


11 

20 

49 

24 

24 

18 

12 

0 

0 

0 

0 

0 

92 

20 


1,111 


i   I 


2, 70 
240  i 

! 

Oi 
0  I 

0  i 

0   ; 

"i 

0  ; 

922 
7, 005 


1.230 
2,819 
1,470 

1,428 

1,107 

714 

0 

0  i 
0  ! 
0  ' 
0 

•>,  0;>4 


Per 

sqiiaro 
milo. 

Depth. 

Str.-feet. 

Inches. 

0 

0 

0 

0 

-    -_  —^ — 

z^^-     -- 

0 

0 

.10 

.17 

.37 

.43 

.  35 

.39 

.03 

.03 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

.12 

.14 

14,431 


.09 

.10 

.40 

.20 

.20 

.  15 

.10 

0 

0 

0 

0 

0 

.10 


1.16 

.18 

.43 

.33 

.22 

.17 

.11 

0 

0 

0 

0 

0 

.86 


2.20 


«Autliority,  (California  StatH  onfirin««rinK  rlei>artm«nt.    Estimated  from  run-<)flf  of  neighbor- 
injf  strt'aina. 
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[Tttin 


Estimated  vumthly  discharge  of  Maripiani  (*reek^  etc — Ciintinned. 


Month. 


1881. 

January 

February  

March 

April 

May 

June  - 

July 

August  -   

September    . . , 

October 

November.. .. 
December 


The  year 

1883. 

January 

February 

Man^h 

April  -  .  _ 

May 

June 

July 

August 

Septenilwr  .... 

Octo))er  _ 

Noveml)er 

I>ecrem))er  .  .    . . 


Diuchargu. 


Maximum.  \  Minimnin. 


Sec.-feef.         Sec.'/eet. 


0 


0 
0 
0 
0 
0 
0 


The  year 


Mean 


Sir. -fret. 

184 


0 


0 
0 
0 
0 
0 
0 
0 


171 
38 


5 


29 

0 
24 

T4  i 

98  ' 

0  I 

0 ! 

0  . 

0  ' 

0 

0 
18 
12 

19 


Kun-«jfi. 


Total  din. 
chantp. 


8, 239 

9.497 

2.837 

298 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20, 371 


0 

i.:^J3  : 

4. 550 
5,831 

^  ; 

0 
0 
0 

0  : 

0 
1.071 


738 
18.523 


f 


Per 

Hqnare 

mile 


1.10 

1.40 

.31 

.04 

0 

0 

0 

0 

0 

0 

0 

0 

24 

0 
.20 
.61 

.HO 
0 
0 
0 
0 
0 
0 
.  15 
.10 

.15 


IVl-tL 

.1 


V 


.ei 


J  )*, 


L.lI»I»lNCOTT.l 
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Entivutted  monthly  discttarye  of  Mariposa  Oreek^  etc.. — Continned. 


Month. 


Maximnm. 


188:^. 


January  .. 
February  . 
March  .  . . . 

April . 

May  

June 

July  

An^n^st  -  - . 
September 

October 

November. 
December . 


Sec  -fert. 


DiiH'bfirfjre. 


Minimum. 


Sec.'/eet. 


The  yetir 

1884. 

January 

February 

March  — 

April  -  - 

May 

June 

July 

August  - 

September 

October  _    


0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


Mean. 


See 


0 


0 
0 
0 
0 


■feet. 

49 

24 

122 

73 

87 

0 

0 

0 

0 

0 

0 

0 

25 

12 

488 

671 

488 

244 

122 

49 

0 

0 

0 


Total  di»- 
c-barge. 


18,466 


738 

28, 070 

41,258 

29, 087 

15,003 

7,359 

3,013 

0 

0 

0 


Run-oir, 


Per 

sqnare 

mile. 


Acre-feet. 

3, 013 

1,338 

7, 501 

4,344 

2, 275 

0 

0 

0 

0 

0 

0 

o! 


Sec-feet. 

0.40 

.20 

1.00 

.00 

.30 

0 

0 

0 

0 

0 

0 

0 


.21 

.10 

4.00 

■").  50 

4.00 

2.00 

1.00 

.40 

0 

0 

0 


Depth. 
Tnrfics. 

0.46 

.21 

1.15 

.67 

.35 

0 

0 

0 
0 

0 

0 

0 

2.84 

.12 

4.31 

6.34 

4.46 

2.31 

1.12 

.46 

0 

0 

0 
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MAYBERRY   CANYON. 
Discharge  meaHureineiitHof  Mayberry  Canyon^  LfM  Angeles  Oimnty. 


Dat«. 


Oct.     10,1898 


HydrogTftplier. 


Dis- 
charge. 


Locality. 


Sec.-ft.    I 

J.  B.  Lippincott ^      1 . 40  ;  Alhambra  water — ^i n cl n <1  i n ; 

pumx)e<l  water. 

do .24     Mayberry  water — i  n  c  1  n d  i ni 

pmnped  water. 


Total  flow  of  can-  , 
yon _ 


Sept.  23,1809  '  J.  B.  Lippincott. 


1.64 
1.38 


Alhambra  w^ater — inclndin" 
pnniped  water. 


McCLOUD    RIVER. 
Dinehnrge  meaftiireinents  of  McClotid  River,  Shanta  Crmnty. 


Datp. 


Hydrographer. 


Sept.     9, 1901 

Sept.  23,1902 
Sept.  24, 1902 
Sept.  26,1902 
Sept.  24,1902 


S.  G.  Bennett 


.  _do 

Chas.  A.  Miller 

do 

do 


Dis- 
charge. 


Sec.-ft. 
1,096 

1,272 

1,325 

1,356 

67 


Ixx»4ility. 


One-fourth   mile  abo^e  Unit  ^ 
States  fishery. 

At  Hirze  Mountain. 

1  mile  ab  >ve  SqnavT^  Creek. 

United  States  fisherv. 

Sqnaw  Creek   at   hridgv  him^ 
month. 


McINTYRE    DITCH. 

Soo  San  Rornanlino  Valley,  Mclntyre  (lit<5h. 

McKENZIE    DITCH. 

Soo  San  Hornanlino  Valley,  McKenzie  ditch. 

MEEKS   &   DALEY    DITCH. 

Soo  San  Bernardino  Valley,  Meeks  <fe  Daley  ditch. 

MERCED  RIVER. 

Merced  River  above  Merced  Falls  drains  approximately  1  ,O90  sqnan* 
miles  of  the  western  slopes  of  the  Sierra  Nevada.  Included  in  tht* 
eastern  portion  of  its  drainaire  area  are  a  lar^e  number  of  hi^h  peak*. 
the  highest,  Mount  Lyell,  reaching  an  elevation  of  13,000  feet. 
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The  midsumnier  flow  of  this  stream  is  larger  in  proportion  to  it« 
irainage  area  than  that  of  the  Tuolumne  River,  which  iwljoins  it  on 
the  north. 

In  their  plunge  into  the  Yosemite  Valley  tlie  waters  of  the  Merced 
River  and  its  tributaries  form  most  beautiful  waterfalls. 

The  measurement  and  record  of  this  stream  was  undertaken  in 
response  to  numerous  requests  from  persons  interested  in  mining  and 
irrigation.  The  midsummer  flow  of  the  stream  is  less  than  the  com- 
bined capacity  of  the  irrigation  and  power  canals  taking  water  in  the 
vicinity  of  Snelling.  The  owners  of  these  canals  offered  to  pay  §1()0 
toward  the  expenses  of  equipping  and  maintaining  the  gaging  station 
for  the  first  year.  Mr.  H.  II.  Henderson,  county  surveyor  of  Merced 
County,  established  a  gaging  station  at  a  point  1  mile  above  Merced 
Falls,  April  6,  1901.  Meter  measurements  are  ma<le  from  a  cable. 
The  observer  is  Mr.  Charles  Siegfeldt. 

IHscharge  nieoHure-menis  of  Merced  River,  Merced  County, 


Dat«. 


Sept.  11,1899 


Do 
Do 


Sept.  10J900 
Sept.     4, 1902 

Nov.  27,1895 
Sept.  10,1900 
Apr.  6, 1901 
Jtrne  11,1901 
Aug.  2,1901 
Ang.  31,1901 
Mar.  6, 1902 
May  13,1902 
Sept.  3, 1902 
Sept.  10,1900 

Do 

Aug.  22,189« 


Hydrographer. 


heig 


rM. 


S.  G.  Bennett 


do 
do 


do 

L.  M.  LawBon 


J.  B.  Lippincott . 
S.  G.  Bennett . . . 

....do 

J.  B.  Lippincott . 
S.  G.  Bennett . . . 

do 

do 

do 

L.  M.  LawBon  . . 
S.G.  Bennett --- 


do 

J.  B.  Lippincott. 


Feet. 


10.3 
12 

10.05 
8.6 
10.1 
12.15 


Dis- 
charge. 

Remarkfl. 

Sec.-feet. 

1 

35 

River,  1  mile  above  head- 
works  Crocker-Hoffman 
Canal. « 

5 

Old  Mill  Valley  ditch. 

lfi.5 

Crocker  -  Hoffman  Canal, 
300  feet  below  head- 
works. 

6.5 

Do. 

37 

Crocker-Hoffman  Canal,  3 
miles  below  Snelling. 

125 

Merced  Falls. 

63 

Do. 

1,379 

Do. 

4, 139 

Do. 

1,122 

Do. 

220 

Do. 

1,302 

Do. 

5, 413 

Do. 

109 

Do. 

27 

Merce<l  River  Mills  Canal, 
2  miles  l)elow  Snelling. 

2.1 

Snelling  ditt'h. 

HO      I  Yosemite    Valley,    St^me- 
man  House. 


a  Several  Hinall  ditrihes  arw  tAken  out  of  Mercwl  River  ahovo  this  imint. 
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!woq 


Dhchnrge  vieaaurrmentM  of  Merred  Rifr^r^  Merced  iUntnty — Continne*!. 


Date. 


Sept.   25,1894 


Hyiln»Krai)ht«r 


N.  C.  Ray 


OaKO 
height. 


Feet. 


Dis- 
charge. 


RemarlcH. 


—I- 


Sept.  1-10,1895 do 


Sec-feet. 
135 

680 


Mar.    25,1899 


do 4,  (KM) 


Sept.  20,1899  I  J.H.McKenzie 


Oct.     20, 1899 


Sept.     3, 1900 


Nov.  22,1900 


N.  C.  Ray 


do 


04 


1,050 


•>•> 


do 20,228 


Oct.    — ,  1901     A.  Britt 


Sept.     3,1902  I  E.T.  Perkins 


Do 


Do 


Sept.     4, 1902 


Do 


do 


do 


83 


do 


do 


9  T 


6.2 


o 


3.2 


Aug.  30,1902 

Aug.  31,1902 
Sept.     1,1902 

Do 


L.  M.  LawRon 


do 
do 


do 


76 

97 
15 

78 


Sec.  6,  T.  4  S..  R.  K  L. 
M.  D.  M.:  floats. 

Sec\  36,  T.  3  S.,  R.  1«  E, 
M.  D.  M.;  floats. 

Sec.  22,  T.  3  S..  B.  W  E.. 
M.  D.  M.:  floats. 

Sec.  6,  T.  4  S.,  R.  17  L. 
M.  D.  M.:  ejstiinatrd. 

Sec.  22,  T.  3  S.,  R.  Ifi  E, 
M.  D.  M.;  floats. 

Flnme  at  Nameless  Min- 
ing Co. '8  dam;  all  water 
turned  in. 

Over  crest  of  Naniflr^* 
Mining  Co.  *s  dam. 

Over  weir  dnrin^  oonstni'.  - 
tion  of  Mh&.  C  and  M 
Co.'s  daui. 

150  yardu  above  jnnrr:  t 
of  niilonette. 

Tenaya  River,  .Vi  yarl* 
above  bridge. 

niilonette  River,  1«m)  j^anl* 
above  junction  of  Mtrr 
ced. 

Bridal  VeU  Creek,  heLv 
bridge  in  Yoeemite  Val- 
ley. 

South  Fork  at  Wawciaa. 
below  all  building?. 

Benton  Mills  x>o^^er  fInLi' 
at  Benton  Mills. 

Horseshoe  Bend. 

Ditch  below  power  b»«c*- 
at  Merced  FaUs. 

1.000  feet  below  Mem-3 
Falls. 
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Estimated  monthly  disvliarge  of  Merced  River  at  Merited  Falls^  Merced  County.^'' 

[Draiuago  aitja,  1,<I76  aquare  inileo.] 


Discharife. 


Month. 


Maximnm.  ,  Minlxnnm.       Mean. 


Total  dis- 
charge. 


1879. 


Sec-feet. 


January  >. 
February 
March  . . . 

April 

Mav 


Sec-feet. 


Rnn-off. 


Per 

Rqaare 

mile. 


Depth. 


June 


Jnly 

August 

September 

October 

November. 
December  . 


Sec-feet. 

Acre-feet. 

Sec-feet. 

Inches. 

354 

21,767 

0.33 

0.38 

1,506 

83,639 

1.40 

1.46 

2,098 

129, 001 

1.95 

2.25 

3,120 

185, 653 

2.90 

3.24 

3,336 

205, 123 

3.10 

3.57 

3,336 

198,506 

3.10 

3.46 

968 

59,520 

.90 

1.04 

172 

10, 576 

.16 

.18 

75 

4,463 

.07 

.08 

75 

4,612 

.07 

.08 

173 

10,235 

.16 

.18 

646 

39, 721 

.60 

.69 

The  year 

1880. 


1,321 


952,816         1.23  '       16.61 


January. . 
February 
March  ... 

April 

May  . .   _ . 


June 

July 

August  --- 
September 
October  . . . 
November. 
December . 


The  year 


387 

23,796 

.36 

.42 

753 

43,313 

.70 

.75 

807 

49, 621 

.75 

.86 

4,250 

252, 893 

3.95 

4.41 

4,842 

297, 723 

4.50 

.-).  19 

5,111 

304, 126 

4.75 

5.30 

2.744 

lf)8,722 

2. 55 

3.94 

753 

46, 300 

.70 

.81 

323 

19, 220 

.30 

.33 

269 

16,540 

.25 

.29 

237 

14, 102 

.22 

.25 

1,291 

79,380 

1.20 

1.38 

1,814  11,315,736  ,       1.69 


22.93 


"  Authority,  state  engineer,  from  1879  to  1884,  inclusive.  Figures  for  January,  February,  and 
March,  1879,  May,  June,  and  July,  1881,  November  and  Decrember,  1882,  and  the  years  1883  and 
IHS4,  are  oMtimated  from  the  run-oflP  of  neighboring  streams.  Those  from  April,  1879,  to  April. 
1881,  and  from  August,  1881,  to  October,  1882,  inclusive,  are  estimated  in  part  from  rod  records. 
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rjro'l 


EHtimated  monthly  dincharge  of  Merced  River  at  Merced  Falls,  etc. — ContinmiL 


Month. 


l>iM(;hartfi*. 


.  Maximum.  ,  Minimnm        Mean 


Total  dis 


l.un-<iff 


FVr 

square   |   I^]- 
ni'le. 


1881.  i^r.-feet.         Sec.  feet.       Sec.  feet 

January i . .      .   - 2, 044  I 

I 

Pebniar>' i 3, 443 

March j 1,560 

April -- 2,798 

May... j -   .  !  4,412 

June I - .-.,  3,336 

July i '  1.506 

August  ... ! - 

I 

September 

I                   I 
October  .   . . . . .   >     . 

November.    

I 

December i 


377  ' 
129  ' 

I  a 

75 
323 


The  year 


1882. 


.\rrr-fett. 

125,681 

191,214 

95, 921 

166.493 

271,383 

198,506 

92,600 

23, 181 

7, 676 

4,612 

4,46:^ 

19.860 


r.fr»-t.\     /«' 

1.90 
3.20 
1.45 
2.60 
4.10 
3.10 
1.40 


1.8" 


1  »«. 


Xi 


.12 
.07 
.07 


.41 


I- 


January 
February 
March  .. 
April  .   . 
May 


June . 

July 

August 

Septem>>er 
October  .    . 
November 
Deceml)er. 


1.673 

1,201,480 

1 .  55 

^1-  ,'- 

■^ 

1 

— . — 

■"■ 

172 

10,576  ! 

.16 

•  • 

753 

41,820 

.70 

1.506 

92, 6(K) 

1.40 

!.•• 

2. 260 

134.470  ; 

2.  10 

e.- 

3,658 

004  q.>.» 

3. 40 

::..»•. 

3. 330 

198,506 

3.10 

;{  ;•• 

1 .  0715 

66, 161 

I.IK) 

I." 

21.-) 

13,220 

.20 

■ 

12,) 

.7,676 

.12 

T 

484 

29,  760 

.45 

♦^ 

:J87 

23, 028 

.»« 

1 

237 

14,573 

.22 

•  • 

Tlie  ve«ir 


1,184 


857,319 


1.10 


14  ■*. 


LlPPUfCOTT.] 


MERCED    RIVEB. 


157 


Estimated  monthly  discharge  of  Merced  River  at  Merced  Falls,  etc. — Continued. 


Month. 


Discharge. 


Maximum. 


Minimum.  :    Mean. 


Run-off. 


Total  diet- 
charge. 


188;i.  '     St'c.-ffet.         Sec-feet.     \  Sec-feet. 

January ' l 344 

February  _ I ' .!  355 

March _   .J 1 915 

April ..I  2,360 

Mav '  5,488 

June .'  4,412 

July L ' ..'  1,184 


Au^ist - . 

Septeiulier 

C)c toiler  _    - 
N<)veml)er   . . 
D€H'eml)er 

The  year 


377 
237 
183 
161 
172 

1,341 


Acre- feet. 

21,152 

19, 716 

56, 261 

134, 479 

337,444 

262, 532 

72, 801 

23, 181 

14, 102 

11,252 

9,580 

10, 576 


I 


973, 076 


18«4. 

Jauuarj' .  -      23  < 

February --- -  2,712 

March 3,820 

Ajiril -  -    -  -    - '  4, 896 

May ---j  5,434 

June -     - -  -  0, 510  I 

July 4,358 

August -- 1,130 

September  _ - - .  237 

Octolx?r --  -. ...;  172 


Per      I 
square       Depth, 
mile.     I 


14, 573 

155, 996 

234, 883 

291,332 

334, 124 

387, 372 

267,963 

09,481 

14, 102 

10, 576 


Sec-feet. 
.32 
.33 
.85 
2.10 
5.10  ' 
4.10  I 
1.10 
.35  I 
.22  ' 
.17  I 
.15  I 
.16 


1.25 


.22 
2.52 
3.55 
4.55 
5.05 
6.05 
4.05 
1.05 
.22 
.16 


Inches. 

.37 

.34 

.98 

3.34 

5.88 

4.57 

1.27 

.40 


or 


.CO 
.17 
.18 

16.95 


.25 

2.72 
4.09 
5.07 
5.82 
0.75 
4.67 


1.21 
.18 
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'?io>i 


Estinuited  montlUy  dincfuirge  of  Merced  River,  Mereed  Count y,  1  miU-  <i'-"> 

Merced  FalU» 


Month. 


1901. 

April  - .  - 

May  _ 

June 

July 

August  _ 

September  .   . 

October 

November  _  _ . 
December 


1902. 

January  

February  .... 

March 

April  - 

May 

June - 

July 

August 

September 

October 

November  . . . 
December 


The  year 


[Draioat^  oroa,  l,UHUiM|uaro  inileH.] 


Discharge. 


Maximum.  ■  Minim,nm. 


Sec-feet. 

5,000 

9,450 

8,220 

4,560 

2,090 

250 

990 

730 

2,090 


See. -feet. 

1,090 

2,700 

3,380 

1,090 

220 

130 

150 

0 

220 


Meiin. 


niUlirfl. 


Total  dis-   | 
charge.  Per 

I    square 
mile. 


4, 
5, 
5, 
6, 
5, 
1, 


1, 
1, 


410 
020 
720 
460 
240 
460 
110 
320 
110 
280 
110 
340 


195 

170  ! 

460  ' 

730  I 

2,180  . 

1,220  ' 

280  ; 

110 

65 

65 

90 

195 


6,240 


65 


Sec-feet. 

2,687 

5,419 

5,389 

2.096 

704 

183 

265 

399 

577 


236  I 
749 
1,367  I 
2,457  i 
3, 795 
3, 142 
481 
191 
88 
90 
246 
303 

1,095 


a  U.  S.  Oeol.  Survey. 


MILL  CREEK. 


Acre-feet. 

133,240 

333,301 

320, 678 

128. 878 

43,287 

10,889 

16.294 

23,742 

35,478 

14,511 

41,597 

84,054 

146,202 

233,345 

186,962 

29. 576 

11,744 

5,236 

5, 534 

14,638 

18,631 


St^.frt  t. 

1.55 

4.97 

4.94 

1.92 

.65 

.17 

.24 

.37 

.53 


r92, 030 


1.01 


I.:-: 
.).  I  • 


4  -If 


4» 

s 

.4: 


.69 
1.25 
2.25 
3.48 

2.88 
.44 
.18 
.08 
.08 
.2:} 
.28  ' 


1.44 
i.T 

4.". 


-1  i«     , 


I' 


ir.  ♦'- 


See  King  River,  Mill  Creek. 

MILL  CREEK. 

This  stream  is  one  of  the  larger  tributaries  of  Santa  Ana  Rivt" 
although  on  account  of  its  importance  for  irrigation  it  is  gt?neniil« 
considered  as  an  independent  stream.  It  rises  on  the  western  si»«;' 
of  the  San  Bernardino  Mountains,  draining  the  area  iinmcHliat'-v 
south  of  the  headwatei*s  of  Santa  Ana  River.  MiU  Creek  app^^^f^ 
from  its  canyon  about  5  miles  east  of  Redlands.     The  Crafion  Wau: 
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Company  diverts  all  tlie  water  of  thi«  ci-eek  at  the  mouth  of  the 
(•aiiyon,  ijartieularly  in  the  summer.  The  water  passes  over  a  weir, 
and  the  volume  is  therefore  determined  witli  considerable  accuracy. 

CHscf targe  itieanurementsof  Mill  Creek  at  headworks  Crafton  Canal,  San  Bernar- 
dino County. 


Date. 


Hy  drt^rapher . 


Nov.  9, 1898 
Dec.  8, 1898 
Jnly  15,1899 
July  23,1898 
Jan.  12,1899 
Apr.  29,1898 
Oct.  2, 1900 
Apr.  12,1898 
June  12,1898 
Sept.     8,1898    do 


F.  H.  Olmsted 

do _. 

S.  Q.  Bennett 

J.  B.  Lippincott- . . 

S.  G.  Bennett 

J,  B.  Lippincott. .. 

W.  W.  Cockins,  jr. 

J.  B.  Lippincott . . . 

do 


F.  H.Olmsted 

S.  G.  Bennett 

...do 


do 


Oct.  18, 1898 
Mar.  23,1899 
May  6, 1899 
May    31,1899 

June  15,1899  i do 

Jnly    27,1899  i do 

Aug.  24,1899    do 

Do- ■ do 

Apr.    14,1900  I do 

July    13,1900    do 

Do 

Mar.  30,1901 
May      5, 1900 

Do 

July  6, 1901 
Feb.  18,1899 
Fuly  29,1896 
3ec.  5, 1901 
^pr.      5, 1902 

Do 

May    31,1902 

Ftilv    10,1902 

5f»pt.     3, 1902  J  W.  B.  Clapp 

ifov,     5, 1902     S.  G.  Bennett 


..-.do 

...do 

....do 

....do 

...do 

...-do 

J.  H.  Quinton 
S.  G.  Bennett 

....do 

...do 

...do 

...do 


Dis- 
charge. 


Sec-feet. 
15.2 
12.6 

7.4 
11.8 
10.8 
18.9 
«8.6 
15.7 
18.1 
13.1 
15.3 
15.6 
14.6 
11.6 

6.8 

4.3 
65.7 
cl.5 
10.8 
65.4 
<'3.4 
20.0 
639.0 
rf8.0 
23.3 
10.4 
14.2 
14.5 
15.7 
65.4 
19.2 
10.8 

5.3 
12.3 


a  Of  which  135  i*»  pumped. 


h  In  creek. 


«•  Pumped. 


ti  Canal. 
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[J0.-1 


XHmiluirij^  measurcnumtH  of  Mill   Creek  at  Mountain  Hmne^  San  Bemardi%i> 

County. 

[Mea»ureiiientM  xnado  by  Edison  Electric;  Comptmy.] 


Date, 


Sept.  lo,  1898: 

7  a.  in 

7.30  a.  in . 

8  a.  in ...  - 
8.a0  a.  in . 

Da.  m 

9.30  a.  m  - 
10a.  m_.. 
10.30  a.  m 
11  a.  in... 
11.30  a.  in 

13  m 

12.30  p.  m 

1  p.  m 

1.30  p.  m. 


2  p.  m 


2.30  p.  m 

3  p.  m . . . 
3.30  p.  m 

4  p.  in . . . 
4.30  p.  in 

5  p.  m . .  - 
5.30  p.  m 

6  1).  m . . . 
6.30  p.  m. 


12-hour  mean. 

Sept.  15,  1898: 

7  13.  in 

7.30  p.  m 

8  p.  m 

8.30  p.  m 

9  p.  m 

9.30  p.  m 

10  p.  in 

10.30  p.  m 

11  p.  m 

11.30  p.  m 

12  midnight 


Dis- 
charge. 


Sec.'feet. 

11.74 
11.74 
11.58 
11.74 
11.74 
11.43 
11.26 
11.26 
11.08 
10.78 
10.48 
10.32 
10 

9.84 
9.54 
9.40 
9.24 
9.34 
9.24 
9.24 
9.24 
9.24 
9.54 
9.54 


Date. 


Sept.  16,  1898: 
12.30  a.,  m 

1  a.  m 

1.30  a.  m . 

2  a.  m 


Dti- 
daxpt 


Sec  -/'r! 
11. <t- 
ll.'.f- 


2.30a,  m W.^ 


3a.  m... 
3.30  a.  m 

4  a.  m 

4.30  a.  m 


5  a.  m 


5.30  a.  m 
6  a.  m... 
6.30  a.  m 


10.35 

9.54 
9.42 
9.84 
9.84 
10 

10.16 
10.36 
10.48 
10.48 
10.78 
10.62 


12-hour  mean 

Sept.  16»  1898: 

7  a.  m  _ 

7.30  a.  m 

8  a.  m ... 

8.30  a.  m 

9  a.  m. 

9.30  a.  m _ .  _ 

10  a.  m 

10.30  a.  m 

11  a.  m 

11.30  a.  m 

12m 

12.30  p.  m 

Ip.  m 

1.30  p.  m _. 

2p.  m 

2.30  p.  m 

3p.  m 

3.30  p.m 

4p.  m 

4.80  p.m 

5p.  m 

5.30  p.m 


11.5 

n.« 

11.31 

11.^ 
ii.» 
nx 

ll.i: 

10.  :• 

IL?" 

11.'- 

10.> 
10.4' 

lit  I 
« •» 

r 
^.'-^ 


?>- 
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IXnchfirge  vieasnirenients  of  Mill  Creek  at  Mountain  Homey  etc, — ^Continned. 


Date. 


Sept.  16,  1898: 

6  p.  in.._ 

6.80  p.  m 

12-hour  mean 

5ept.  16,  1808: 

7p.  m 

7.30  p.  m  - 

8  p.  m 

8.30  p.  m 

9  p.  m 

S).30p.  m 

10  p.  m 

10.30  p.  m 

lip.  m 

11.30  p.  m 

12  midnight . . . 


Sec.'feei. 
9.08 
9.40 


Dis- 
charge. 


9.92 

9.54 

9.68 

9.68 

9.84 

9.84 

9.84 

10.16 

10.16 

10.32 

10.32 

10.82 


Sept.  17,  1898: 
12.30  a.  m 

1  a.  m 

1.80  a.  m. 

2  a.  m 

2.80  a.  m . 

3  a.  m 

3.80  a.  m . 

4  a.  m 

4.30  a.  m . 

5  a.  m 

5.30  a.  m . 

6  a.  m 

6.30  a.  m . 


12-honrmean. 


Sec-feet. 

10.48 
10.48 
10.64 
10.78 
10.78 
10.78 
10.78 
10.78 
11.08 
11.08 
11.08 
11.26 
11.26 

10.46 


IJischarge  measurements  of  Mill  Creek^  San  Bernardino  County, 


Dnte. 


ruly     15,  1899 


X-t.       2,  1900 


Hydrographer. 


S.  G.  Bennett 


W.  W.  Cockins,  jr. 


charge. 


Locality. 


Redlands  Power  Co.,  lower  in- 
take.» 

Do. 


oLosH  from  this  intake  to  head  of  Grafton  Canal,  1.46  Hocond-feet. 
IKR81— 03 11 


162 


CALIFORNIA    HYDROGRAPHY. 


I  so 


KHtiinated  vionfhly  (Uncharge  of  Mill  Creek  at  Craffan  Canal  headtrorkst. 

[Drainage  area,  47  minare  miles.] 


Month. 


1895. 

Au^st 

September  ... 
Octol)er 


1896. 

May 

tltine -- 

July 

August 

September  . . . 
October 


1899. 

February  

March 

April 

May 

June 

July 

August 

September  . . . 

October . 

Noveinlier 

December .... 


1900.'' 

January  

February 

March 

April 

May 

June 

July 

August 

S(»pteml)cr 

Oi^toVier . 

November  1  to  17. 


DiHoharge. 

1 

Ban-off. 

Maximnm. 

Minimum. 
Sec-feet. 

Mean. 
Sec-feet. 

Total 
dtschariFe           Pei 

mil 

r 
e      ' 

ret.  \ 

D^<i 

Sfc.'ffei. 

Acre-feet.    ;  Srr.-f 

/**.. 

27.6 

24.0 

24.5 

1,505            0. 

52  ; 

n.*» 

26.5 

19.5 

22.0 

1,310 

47 

..'d 

24.5 

17.0 

19.6 

l,2a5 

42 

.4-^ 

21.4 

9.4 

13.4 

t 
825  1 

28 

^  .V 

16.0 

5.1 

10.3 

615 

'»* 

16.0 

6.1 

11.5 

709 

24 

13.2 

8.7 

11.6 

716 

25 

■   * 

15.0 

7.4 

11.5 

687 

24 

0* 

•    * 

13.1 

9.0 

10.5 

G37 

»» 

^r^ 

.< 

13.0 

11.0 

11.6 

644 

25 

.*>• 

16.0 

10.0 

12.2 

750 

26 

.:i 

13.0 

11. 0 

11.8 

702 

25 

12.0 

10.0 

11.2 

689 

i^^ 

.5 

!           17.0 

4.0 

8. 7 

518 

19 

• « « 

7.2 

4.8 

5.8 

357   ■ 

12 

« 1 

.  i' 

7.2 

2.9 

5.8 

357 

12 

»  ■ 
1  « 

5. 7 

2.0 

4.1 

244 

09 

■ 

8.5 

4.3 

6.5 

4(>0 

14 

■ 

11.2 

6.1 

8.6 

512 

18 

a 

14.6 

5.3 

9.5 

584 

20 

a    « 

10.6 

9.8 

10.0 

61. ->  ' 

,    m 

10.  G 

9.8 

10.0 

5,55 

• 

13.2 

1 

9.6 

10.0 

61 5 

1  ^w 

.i ' 

13.3 

8.9 

10.0 

595 

^  ♦ 

17.0 

8.2 

12.0 

738 

.27 

.    ' 

8.2 

5. 3 

7.0 

417   ; 

.16 

■1 

6.3 

3.3 

5.0 

307 

.11 

* 

5.7 

4.3 

5.0 

307 

.11 

• 

5.7 

1 

4.3 

5.0 

298   j 

.11 

.  • 

5. 8 

3.8 

5.0 

307   1 

.11 

• 

8.5 

5.  1 

5.0 

298  ; 

.11 

- 

nExclusivoof  pnmiMMi  water. 
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'^sthnated  monthly  dist'harye  of  Mill  Creek  at  Crafton  Caiial  hendtcorka — Cont'd. 


Month. 


Discharge. 


Masiiniiin.'  Minimum.      Mean. 


1901. 

une  19  to  30 

nlv 

LUgnst  (23  <lays)« 

epteinber  - . . 

October .  _ 

rovember   

December 


Ser.-fett. 

20.9 
19.1 
50.0 
16.6 
13.2 
12.3 
12.3 


See./eet. 
19.4 
13.9 

15.0 
11.4 
12.3 
11.6 
10.3 


Bnn-off. 


Total. 


Sec-feet. 
20.1 
15.0 
19.1 
14.0 
12.6 
12.3 
12.0 


Acre-feet. 

478 
975 
870 
835 
774 


731 


r38 


Per 

square 

mile. 

Depth. 

Sec-feet. 

JncheK. 

.48 

.19 

.34 

.39 

.41 

.35 

.30 

.33 

.27 

.31 

.26 

.29 

.26 

.30 

n()n  Auinist  16  a  clondburst  in  Mill  Creek  Canyon  and  Crafton  Hilln  fllled  ssanje  and  Hupply 
inal  Meith  sand.    No  record  from  AugUHt  16  to  28,  inclusive. 

MILL   CREEK,  GREEN    SPOT    PIPE    LINE. 

Seo  Santa  Ann  Rivor,  Green  Spot  piiK^  line. 

MILL   CREEK. 

Soo  Stanislaus  River,  Mill  Creek. 

MILL    FLUME    AND    PUMP.  RIVERSIDE    WATER    COMPANY. 

See  Sail  Bernardino  Vallev. 

MISSION    CREEK. 

^invhargc    meaHurements  uf  Mission   Creek,   Hanta    Harhiira   Conntyy  200  feet 

above  dam. 


r>Rt«'. 


Hydn»Kraphi»r. 


in.  15, 

ui.  24, 

ph.  7, 

ar.  1«. 

ily  26, 

ily  13, 

iiK-  — • 

?pt.  1. 

ine  1 1 , 

ino  17, 


18H8  ,  A.Poett 

xsm  do 

1S88      do 

1S88    .    ...do 

1888    do 

1889    do 

1889     G.F.Wright 

1889  '  A.Poett 

1892  , . .       do 

1900     R.  Moyer 


1       Dis- 
I    chargre. 


Sec 


-feet. 
0.93 

2.80 

1.37 

2.23 

.36 

.43 

.46 

.32 

.36 

«.  05 


«  Above  diversions,  hut  not  on  b«*d  rcK*k. 
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MOHAVE    RIVER. 


Tlie  streams  forming  the  headwaters  of  this  river  have  their  jamrpf 
on  the  northern  slope  of  the  Sierra  Madre  and  flow  northerly,  tin- 
river  finally  disappearing  in  the  sands  of  the  Mohave  Desert.  At 
Vietorville,  a  station  on  the  Atchison,  Topeka  and  Santa  Fe  Railnad. 
the  river  passes  through  a  narrow  gorge,  locally  known  as  Th 
Narrows.  This  place  has  been  under  investigation  as  a  i)ossible  dam 
site,  and  soundings  for  the  depth  of  bed  rock  were  made  by  th*^ 
United  States  Geological  Survey  during  the  season  of  1809.  Tb« 
greatest  depth  of  bed  rock  was  found  to  be  54  feet.  The  dianioou 
drill  showed  the  rock  to  be  a  fine-grained  granite.^  ATx>ve  The  Nar- 
rows the  valley  broadens  into  a  large  reservoir  site,  and  at  the  14o-f«p"' 
flow  line  is  said  to  cover  7,718  acres.  In  order  to  determine  the 
amount  of  water  available  for  storage  for  this  reservoir,  a  jragiru: 
station  was  established  February  27,  1899.  The  rod  is  a  2  by  ♦»  inch 
timber,  bolted  to  a  vertical  cliff  on  the  right  bank  of  the  river,  *  * 
feet  upsti'eam  from  the  wagon  bridge.  The  bench  mark  is  top  uf 
east  rail  of  the  Santa  Fe  track,  75  feet  south  of  center  of  wngi-a 
bridge  over  track.  The  zero  mark  of  rod  is  12.84  feet  below  toth 
mark. 


Discharge  vieafnirenients  of  Mohave  River  at  VictorviUe  Narrotrs^  JSfan  BemnMh 

County, 


Dato. 


1899. 

Feb. 

27 

May 

.") 

Juno 

i:j 

July 

2ft 

Sept. 

1900. 

Apr. 

13 

Apr. 

28 

May 

11 

May 

2:j 

May 

29 

Jtine 

a 

June 

20 

July 

C 

July 

25 

HydroKTaphor. 


B.  Cole 

S.  G.  Bennett 

do 

..    _(lo     

...do  


...  do 

P.  H.  Leahy.. 
do 


do 
do 
do 
do 
do 
do 


1.0 


.9 


.9 

.85 

.85 

.tt 
.9 
.9 
.9 
.9 
.9 

.85 


Sr^ 


^ 


:i 


a  Twenty-first  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4,  1901,  p.  4756. 
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Diin'harge  mecuturementa  of  Mohave  River  at  Victorville  Narrows^etc, — Continned. 


Date. 


Hydrofirntpher. 


1901. 

Feb.  11 

Mar.  4 

Mar.  25 

Apr.  9 

Apr.  27 

May  10 

May  25 

June  10 

June  25 

July  12 

July  28 

Aug.  8 

Aug.  :il 

Sept.  6 

Sept.  20 

Oct.  5 

Oct.  24 

Nov.  6 

Nov.  24 

Dec.  10 

Dec.  25 

1902. 

Tan.  4 

Jan.  21 

Feb.'  1 

Peb.  25 

Ifar.  5 

Vfar.  29 

\pr.  5 

\^T,  19 

\.\}T.  26 

tfay  10 

tfay  25 

rnne  8 

rune  27 

Fuly  5 

Fuly  26 

^^ng.  9 

^.ug.  15 

Xrt.  20 

)ct.  30 

^ov.  10 

J^ov.  97 

)ec.  11 

)©c.  19 

)ec.  27 


Qage 
hoight. 


I  Feet. 


S.  G.  Bennett 

1 

1.4 

P.  H.  Leahy 

1.3 

do 

.9 

do 

.9 

do 

1    .9 

do 

.85 

do 

.85 

do 

1 

.85 

do 

.9 

do... 

1    .9 

do__ 

.9 

do... 

.9 

do... 

'    .9 

do 

.9 

do 

.9 

do 

do  .  

.9 
.9 

do- 

.9 

do 

1    .9 

do 

1    '^ 

do 

.9 

do 

1 

'    .9 

do 

'    .9 

do 

.9 

do 

i   .0 

do 

1 

1    .9 

do 

1    .9 

do 

1 

.9 

do 

1 

.9 

do _ 

1 

.  ..do 

do.. 

do 

do _  

do- 

.do 

..do 

do 

.  .  .do - 

do - 

do - 

.   do 

..   do - 

do - - 

S.  G.  Bennett 

Dis- 
charge. 


Hec.'feet. 

664 
512 
50 
39 
48 
47 
51 
43 
42 
40 
42 
45 
55 
49 
61 
57 
82 
78 
76 
76 
69 

47 
53 
58 
63 
66 
66 
67 
62 
47 
37 
49 
53 
47 
38 
41 
48 
33 
49 
45 
43 
50 
68 
69 
55 
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Estimated  monthly  discharge  of  Mohave  Riiyt^r  at  Vit-tortnlle. 

[Drainage  area  400  Hquare  miles.] 


Month. 


Di8i*haive. 


Maximnin.    Minimum.  ,    Mean. 


RfthMiff 


Total  diA- 
charere.  Per 

aqnare      Ik^n 
mile. 


1899. 

January" 

February 

March 

April  _ 

May 

June 

July 

August 

September    

October  _  .    . 

November-    

Decemlxr  1  to  13 

19(K). 

January  ... 

February . . 

March  .  

April 

May 

June    

July .. 

August  - . 

September 

October . _ 

November 

December 

The  year  . . 


Sec-feet.    •    Sec^-feet. 


Sec.-feet. 


60 
60 

44 
44 

28 
28 
22 

28 
44 
28 

44 
'  60 
80 
44 
33 
33 
29 
29 
29 
33 
3, 200 


33 


8,200  ! 


Acre-feet. 


Ser.-fert.     Uu^ 


28 

37 

2, 275 

o.«* 

•1  \ 

28 

37 

2,202 

.09 

\ 

-  i 

28 

33 

2,029 

A^ 

1*1 

28 

1    29 

1,728 

.07 

1  ** 

22 

27 

1,660 

.07 

1* 

17 

24 

1,476 

.06 

• 

oo 

22 

1,809 

.(V) 

*> 

17 

23 

1,414 

,06 

• 

22 

27 

1,607 

.07 

1  « 

28 

28 

1,722 

.07 

■r 

44 

44 

2. 7(r, 

.11 

• 

44 

49 

2,721 

.12 

■  - 

44 

57 

3, 5a5 

.14 

1 

33 

35 

2,083 

.09 

4 

33 

88 

2,029  t 

.OS 

r 

25 

30 

i,7a'i 

.(IS 

- 

25 

26 

1,599  ; 

.06 

•■■ 

29 

29 

1,783  1 

.07 

■ 

29 

29 

1,726 

.07 

fk 

29 

32 

1,968  ; 

.i)s 

33 

139 

8,271  1 

.3r» 

33 

33 
45 

2,029 

.OS 

.11 

* 

25 

32,204  1 

• 
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Estimated  monthly  discharge  of  MoJiave  River  at  Victorville — Continued. 


Month. 


1901. 

January  

February 

March  _  _ 

April  .  _ 

May 

June 

July 

August — 

September  _._ 

October 

November 

Decemlier 


The  year 

1902. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October  _ 

November 

December 

The  year 


Discharge 


Maximnm.    Minimmu 


»Sr  c.-feet.     i    Sec-feet. 


4,180 
4,820 
660 
44 
49 
42  I 
40  [ 
50  ' 
55  I 

69 

I 

77  ' 
73 

4,820  I 


50 
50 
50 
44 
49 
42 
40 
50 
55 
69 
77 
78 

40 


Mean. 


Sec-feet. 

183 

925 

178 

44 

49 

42 

40 

^        50 

55 

69 

77. 

73 


(«) 


53 
63 

66  ; 

67  I 
49  I 
53 
41 

48 

49 
50 
69 


69 


47 
58 
66 
47 
37 
47 
38 
33 

45 
43 
55 

33 


a  Estimated. 


(«) 


50 
60 
66 
59 

43  I 

50  I 
40  ! 
40 


(«) 


47 
46 
65 


Rnn-off. 


Total  dla- 
chaise. 


Per 

square 

mile. 


Acre-feet.     Sec-feet. 
11,252         0.46 


51,372 
10, 945 
2,618  ' 
3,013 
2,499 
2,460  ■ 
3,074  , 
3,273 
4,243  ' 
4,582 
4,489  ' 


149       103, 820 


3,074 
3,332 
4,058 
3,511 
2,644 
2,975 
2,460 
2,460 
2,618 
2,890 
2,737 
3, 997 


51         36, 756 


2.31 
.45 
.11 

.12  i 
.11  ; 
.10  ! 
.13 
.14 
.17 
.19 
.18 


.31 


13 
15 
17 
15 
11 
13 
10 

10 ! 

11 
12  ' 
12  i 
16 


13 


Depth. 

Inches. 
0.53 
t>.  41 
.52 
.12 
.14 
.12 
.12 
.15 
.16 
.20 
.21 
.21 


4.89 


.15 
.16 
.20 
.17 
.13 
.14 
.12 
.12 
.12 
.14 
.13 
-.18 

1.76 
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fso  »l 


MOKELUMNE  RIVER. 

The  Mokelumne  River  drains  537  square  miles  of  the  western  slo[ie> 
of  the  Sierra  Nevada  above  Electra,  Cal.  A  gaging  station  was  esial 
lished  at  this  point  by  Burr  Bassell,  C.  E.,  while  employed  by  rb^ 
Standard  Electric  Company.  Daily  gage  readings  were  taken  fn^a 
January  1  to  June  30,  1901,  and  numerous  meter  measurement*  wenr 
made. 

Discharge  measurenientg  of  Mokelumne  River.  Aniadtyr  County. 


Bate. 


4 
15 
19 
22 
26 
4 
3 
21 


Hydro^rapher. 


S.G.Bennett 


do 


1900. 
Sept.  12 

Sept.  12 

1901. 
Jan.  8 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Mar. 
May 
May 

1902. 
Aug.   14 
Aug.   14 

1895. 

Jan.      6  J.  B.  Lippincott. 

Mar.  20    do 

Aug.  27    do 

1899.     I 

Aug.  20  I do 

Sept.  14  I  S.G.Bennett... 


B.Bassell 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ... 

do  ._. 


E.  T.  PerkiuB 
do 


Total 


Gaare 
leiefat. 


heig] 


Feet. 


5.9 
4.2 
4.8 
11.0 
8.6 
7.4 
6.6 
6.2 
6.7 


12.25 

8.0 


Discharge. 


Second-feet. 
37 

4.8 

1,717 

608 

966 
13,213 
6,330 
3,846 
2,723 
2, 232 
3,016 

51 
30 


81 


1,063 

1,068 

91 

56 
33 


Locality 


Amador    ditch    at    Camp  Ii^ 
beand.  <> 

Butte  ditch  above  Electra. 


Electra. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do, 

Do. 
Electra  jjower  plant  dischaiy? 


Lodi.6 
Do. 
Do. 

Do. 
Mokelumne  Hill. 


a  Capacity  of  ditch,  04  aecond-feet;  25  necond-feet  carried  out  of  basin  to  Jaeluitn  and  Srv? 
Authority,  Burr  Ba^Bell. 
^The  Woodbridge  diversion  dam,  2  miles  below  Liodi,  ajfects  gage  heights 
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Discharge  meamirements  of  Mokelumne  River ^  Amador  County — Continned. 


Date. 


Hydrographer 


1900. 

Sept. 

12 

1902. 

Aug. 

12 

Aug. 

16 

Aug. 

12 

Aug. 

13 

Aug. 

14 

Aug. 

14 

Aug. 

15 

Aug. 

15 

Aug. 

15 

Aug. 

16 

Aug. 

14 

Aug. 

15 

S.  G.  Beunett 


do 

L.Lawson 
S.  G.  Bennett 

do 

E.  T.  Perkins 


Li.  Lawson 


do 


Dlachargre. 

Sec-feet. 
15 

40 
29 
33 
67 

51 

53 
21 

1.7 
61 
4.8 

65 
126 


Locality. 


Mokelumne  Hill. 

Woodbridge  Canal  at  head. 

Do. 

At  Woodbridge. 

i  mile  below  Lancha  Plana  dam. 

Amador  ditch,  ^  mile  above 
tunnel. 

Standard  Power  Canal  at  flume 
No.  59,  near  Electra. 

Mokelumne  ditch  in  flume, 
South  Fork  Mokelumne  River. 

Middle  Fork,  150  feet  below 
bridge  near  West  Point. 

North  Fork,  ^  mile  above  bridge 
near  West  Point. 

Mokelumne  ditch,  2  miles  south- 
east Fort  Mountain,  South 
Fork. 

Clements. 

i  mile  below  Lancha  Plana  dam. 
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Estimated  monthly  discharye  of  Mokelumne  River  at  Lone  Star  MilU,^ 

[Drainage  area  667  square  miles.] 


Month. 


1878. 
November*  .. 
December  '>_ . . 


1879. 

January '> 

February 

March 

April 

May 

June _ . 

July 

August  * 

September  *  . . 

October  * 

November  * . . 
December 


The  year 

1880. 
January  _ . .    _ . 
February  ...    . 

March _ 

April  _ 

May 

June 

July 

August  - . . 

September  . .  . 

October  & 

November ''  .  . 
December 


The  year 


Discharge. 


Maximum.    Minimum,  i    Mean. 


Sec.'feet.    .    Sec-feet. 


2, 107 
7, 575 
3,420 
5,072 
6, 170 
5,610 
1,117 


624 


288 

520 

728 

9, 642 

8, 071 

7, 326 

5, 201 

480 

134 


998 


Sec. -feet. 
33 
33 


134 

676 

1,579 

1,348 

1,579 

288 


1, 
1, 

3, 
3, 


224 


328 

198 

369 

065 

247 

629 

538 

164 

26 

19 

59 

465 


256 

288 
520 
728 
3,048 
4, 685 
572 
134 


Run-off. 


Total  dis- 
charge. 


Per 

square      Deptib 
mile. 


1,721 


Acre-feet.       Sec-feet.     In^i/M. 

1,964  '       0.05         M.'r. 
2,029  ,         .05  * 


20,168 

66,534 

84,177 

182,380 

199,650 

215,941 

33.080 

10,084 

1,547 

1,168 

3,511 

28,592 


.50 

1.^ 

2.08 

4.67 

4.94 

5. 52 

.82 

.25 

.04 

.03 

.09 

.71 


1,175         846,832  1.79 


279 

17, 155 

396 

22,778 

644 

39, 598 

4, 553 

270, 932 

5, 031 

309,344 

6,054 

360,238 

2, 745 

168, 783 

365 

•  22,443 

29 

1,726 

164 

10,084 

98 

5,831 

291 

17,893 

.42 

.60 

.98 

6.93 

7.C6 

9.21 

4.18 

.55 

.04 

.25 

.15 

.44 


1,246,795         2.61 


1.-^ 

">  '*' 
•J. »' 

5.® 

.'•4 

Ait 


24, 1*-. 


.4* 

!.I 
1.1" 

V    V. 

4.*. 


,* 


S-',. 


"Authority,  California  State  engineering;  department. 

^Efltimated  from  run-off  of  neighboring  streams  and  from  previous  ineasarementa. 
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Estimated  monthly  discharge  of  Mokelumme  River  at  Lone  Star  MUls—CouVd. 


Month. 


1881. 

January 

February 

March 

April 

May 

June 

July- 

August « 

September  « . . 

October  « 

November  «  .. 
December  «... 


The  year 

1882. « 

January _ 

February  

March  _ 

April 

May 

Jime 

July 

August 

September 

October 

November 

December 


The  year 


Mazimuxu. 


Sec-feet. 

8,536 
8,a52 
2,701 
4,556 
4,298 
2,701 
520 


Discharge. 


Minixnuin. 


Sec-feet. 


192 

624 


728 


1,810 

1,579 

572 


Mean. 
Sec-feet. 

1,037 

3,049 

1,126 

3, 195 

3,034 

1,237 

159 

98 

98 

66 

207 

624 


1,160 


591 

624 

1,971 

2,628 

4, 927 

3, 285 

788 

66 

59 

230 

207 

207 


1,298 


Ruu-off. 


Total  di«i- 
charge. 


Per 

square 

mfle. 


Acre-feet. 

63,763 

169, 333 

69, 235 

190,116 

186, 553 

73, 607 

9, 777 

6,026 

5, 881 

4,058 

12,317 

88, 368 


I 


828, 984 

36, 339 

34, 655 

121,192 

156, 377 

802, 949 

195, 471 

48, 452 

4, 058 

3,511 

14,142 

12,317 

12,728 

942. 191 


Depth. 


Sec-feet 

1.58 

4.64  . 

1.71 

4.86  i 

4.62 

1.88 

.24 

.15 

.15 

.10 

.32 

.95 


Inches. 

1.82 

4.83 

1.97 

5.42 

5.32 

2.10 

.28 

.17 

.17 

.12 

.36 

1.10 


1.77 

23.66 

.90 

1.04 

.95 

.99 

3.00 

3.46 

4.00 

4.46 

7.50 

8.65 

5.00 

5.58 

1.20 

1.38 

.10 

.12 

.09 

.10 

.  35 

.40 

.31 

.  35 

.31 

.36 

1.98 

26.89 

«  Elfltiznated  from  run-off  of  neighboring  Htreams  and  from  previous  measurements. 
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Estiviated  monthly  dutcharge  of  Mokelumne  River  at  Lone  Star  Jfi7/»— Cont  d. 


Month. 


1883. « 

January  

Febrnary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  year 

1884.« 

January  

February 

March 

April 

May 

June 

July  -   

August 

September 

October 


Diacharge. 


Mazimom. 


Sec.'feet. 


Minimnm. 


Sec-feet. 


Mean. 


Sec.-feet. 

414 

828 

591 

1,971 

8,942 

2,628 

657 

268 

98 

98 

132 

132 

988 


164 

1,971 

3,942 

3,942 

3,285 

2,957 

2,628 

657 

131 

98 


Rm-off. 


Total  dis- 
charge. 


Per 

aqnare     Depth 
mile. 


Acre-feet. 

25,456 

18,216 

36,339 

117,288 

242,884 

156, 877 

40,397 

16, 171 

5,831 

6,026 

7,855 

8,116 

680,451 


10,084 
113,373 
242,384 
234,565 
201,987 
175,954 
161,589 

40,397 
7, 795 
6,026 


Sec.-feei.     hckft. 


I 


0.63 

.50 

.90 

3.00 

6.00 

4.00 

1.00 

.40 

.15 

.15 

.20 

.20 


0.:?. 


.32 


1.15 

.i: 

•M 


*9. 


1.43  I     \Ui 


3.00 
6.00 
6.00 
5,00 
4.50 
4.00 
1.00 
.20 
.15 


6.V. 
4.fil 

!.:■ 

•  •• 

.i: 


"Estimated  from  run-off  of  neighboring  Btreami}  and  from  previons  ineasarenient&. 
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Estivuxted  monthly  (Uncharge  of  Mokelumne  River  at  Electritj^ 

[Drainage  area,  587  square  milee.] 


Diachargo. 


Month. 


Mairtmnm. 


Sec.'feet. 


Minimam. 


1901. 

January  _ 4, 600 

February •      13,210 


March 

April 

May .  - . 

Jnne 

July 

August 

September 

October 

November 


4,020 
3,160 
9,980 
6,790 


Mean. 


Ser.-feet.    '  Sec-feet. 


330 

610 

1,130 

950 

1,960 

1,350 


1,000 

3,302 

3,004 

2,040 

4,627 

3,833 

260 

190 

60 

76 

210 


Total  dL-- 
charge. 


Acre-feet. 

61,488 
183, 384 
123, 221 
121,388 
284,503 
228, 145 

15, 987 

11,683 
3,570 
4,673 

12,496 


Rnn-off. 


Per 

sqoaro 

mile. 


Depth. 


Sec.-feet.      Incheit 


1.86 

0.15 

3.73 

3.80  , 

8.62 

7.14 

.48 

.35 

.11 

.14 

.39 


2.14 

6.40 

4.30 

4.24 

0.93 

7.97 

.55 

.40 

.12 

.16 

.44 


A  Authority,  United  States  Geological  Survey. 


MONO  LAKE  DRAINAGE. 
DiscTiarge  measurements  in  Mono  Lake  drainage  basin,  Mom)  County,  CaL 


Date. 

Hydrographer. 

Discharge. 

1 

Hec.feet. 

Locality. 

July     29, 1902 

F.  H.  Olmsted... 

46.72 

Mill  Creek,  just  below  Lnndy 
Lake  and  above  all  diversions. 

July    30,1902 

do  _ 

89.00 

1 

Leevining,  jnst  alxjve  RhinedoUar 
Lake. 

Auk.      1,1902 

do 

26. 36 

Walker  Creek,  easterly  from 
Bloody  Canyon. 

Do 

do 

21.65 

Parker  Creek. 

Do    

do 

62. 40 

Rnsh  Creek,  above  Silver  Lake. 

NIAGARA  CREEK. 

See  Stanislaus  River,  Niagara  Creek. 

OWENS  RIVER. 
Discharge  measurements  of  Owens  River,  Inyo  County. 


EHtte. 


Aug.      4, 1902 
Do 


Hydrographer . 


DifW'harge.  , 


Locality. 


F.  H.  Olmsted 
do 


Sec.-feet. 
26.87 
37.14 


Mammoth  Creek  at  sawmill. 

Convict   Creek  near  crossing  of 
Bishop  road. 
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PACOIMA  CANYON. 

See  Lob  Angeles  River,  Pacoiina. 

PADARO  CREEK. 

Ih'scharge  mA^annreinent  of  PcuUtro  Creek.  Santa  Barbara  ConrUy. 


Date.  I  Hydroffrapher.  rhar^ 


Aug.  — ,  1H99     G.  F.  Wright 


Sec.-frKt. 

0.3: 


PALLETT  CREEK. 

See  Big  Rock  Creek,  Pallett  Creek. 

PASADENA    MESA. 

UNDERGROUND   WATER  OBTAINED  FROM    THE    BED     OF   ARROYO  SECO 

AND   PASADENA   MESA. 

An  examination  of  the  underground  water  supply  in  the  vicinity  of 
Pasadena  was  made  by  Mr.  J.  B.  Tiippincott  in  October,  1898,  the 
results  of  which  are  given  in  the  following  paragraphs: 

Pasadena  Mesa,  lying  south  of  the  Sierra  Madre,  is  boanded  on  ih*- 
west,  along  the  eastern  bank  of  Arroyo  Seco,  by  a  low  range  of  gran- 
ite and  clay  hills;  on  the  south  by  Raymond  Hill,  which  is  of  sawi- 
stone,  and  by  a  dike,  the  capping  of  which  apparently  consists  of 
adobe  or  clay.  This  dike  extends  from  Raymond  Hill,  on  the  .south 
side  of  the  citv  of  Pasadena,  in  a  direction  a  little  north  of  east, 
through  Sunny  Slope  and  Baldwin  ranches  to  the  base  of  the  Sierra 
Madre  near  the  mouth  of  Santa  Anita  Canyon.  The  mesa  proper  con- 
sists of  deposits  of  sand,  gravel,  and  bowldere,  the  larger  bowlders 
l^ang  near  the  mountains  and  the  finer  material  near  the  southern 
slope.  The  voids  in  this  absorbent  material  act  as  a  storage  reser- 
voir, being  filled  by  the  flood  waters  issuing  from  the  steep  slopes  on 
the  southern  face  of  the  Sierrit  Madre.  The  underground  waters  an* 
reenforced  by  the  return  wat^r  from  irrigation  on  the  mesa.  From 
1893  to  1902,  inclusive,  was  a  period  of  unusual  drought,  but  most  "f 
the  developments  were  new  in  1898. 

Arroyo  Seco,  draining  21  square  miles  of  the  Sierra  Madre,  issiK-> 
from  these  mountains  on  the  north  side  of  Pasadena  Mesa,  pas**^ 
through  an  opening  in  a  granite  spur  known  as  Devils  Gate,  and  join< 
Los  Angeles  River  at  Los  Angeles.  Between  the  point  where  th** 
water  from  this  l>a8in  issues  from  the  mountains  and  Devils  Gate  lie* 
a  broad  river  bottom  2  miles  in  length,  composed  of  coarse  raaterial^ 
In  passing  over  this  the  water  sinks  rapidly,  diminishing  in  volume 
from  the  mouth  of  the  canyon  to  Devils  Gate. 
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Pasadena  water  compauies  have  built  extensive  development  tun- 
?ls  al>ove  Devils  Gate,  cross  cutting  beneath  the  eastern  bank  and 
uder  the  mesa  land.  A  submerged  dam  at  Devils  Gate  assists  the 
innel  developments  l»y  intercepting  the  underflow.  An  examination 
'  these  tunnels  shows  that  no  imiiervioii.^  stmtum  is  encountered 
'ter  the  granite  ledge  at  Devils  Gate  is  passed.  Of  the  water 
>t.aine<3  from  these  development  works,  (ii)  per  cent  is  gained  from 
lo  portion  of  the  tunnel  which  is  beneath  the  mesa.     A  well  atmut 


l,f>U<>  feet  upstream  from  the  tunnel  and  200  feet  deep,  in  tlie  ImmI  iif 
hewaJth  near  the  mouth  of  the  mountain  canyon  of  the  Arniyo  Heco, 
»as  drained  by  the  extension  of  this  line  of  tunnels  under  Pasadena 
Mesa. 

From  the  investigations  the  conclusion  is  ii-aclied  that  t.lio  water 
fiom  Arroyo  Seco  which  sinks  between  the  mouth  oC  the  canyon 
proper  and  Devils  (iate  passes  under  the  eastern  hank  of  Ari-oyo 
Scco  between  these  poinl«  and  augments  the  inidei^ound  waU-r  of 
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Pasadena  Mesa.  Otherwise  it  would  be  diflicolt  to  aceoant  for  tb^^ 
lari^e  amount  of  water  which  is  obtained  from  the  lower  developmen- 
works  at  the  southern  dike  of  I^asadena  Mesa.  This  mesa  is  under 
lain  throughout  with  a  sheet  of  water  extending  from  the  foot  of  ik 
mounl^ins,  where  its  depth  below  the  surface  is  from  150  lo  2lX'f*i, 
to  the  dike  at  its  southern  exposure,  where  the  water  is  practie&llTji; 
the  surface,  making  itself  manifest  in  numerous  small  springs  whitl 
rise  in  drainage  lines  on  the  southern  face  of  the  dike.  With  the 
exception  of  the  Arroyo  Seco  developments,  which  in  the  tabnlaridL* 
are  classified  by  themselves,  the  principal  water  product  of  thism^a 
is  obtained  along  these  drainage  lines  from  the  springs.  Numenius 
wells  from  which  water  is  pumped  have  been  sunk  and  tunnels  bve 
l>een  run  through  the  dike  into  the  water-bearing  gravel. 

An  interesting  feature  of  these  development  works  is  the  consian: 
strife  existing  between  the  various  tunnel  and  well  owners  along  thf 
dike.  For  instance,  the  owner  of  a  certain  piece  of  property  dlsciiT 
ered  by  a  tunnel  the  presence  of  a  considerable  body  of  wat^ronl.'» 
land ;  his  neighbor  to  the  south,  whose  land  is  at  a  lower  elevatior.. 
drained  the  first  tunnel  by  digging  another  on  a  lower  grade  airf 
extending  it  to  his  northern  property  line.  This  has  been  done  rep»^f- 
edly,  in  some  cases  the  water  having  been  so  diverted  by  two  or  thnt 
owners  in  succession. 

The  wells  are  usually  Iwred  and  are  lined  with  7-inch  easing.  Sonili 
of  the  Santa  Fe  Railroad  a  charge  of  50  cents  a  foot  is  made  for  cob- 
pleting  the  first  60  feet  in  depth  of  the  well,  with  an  increase  of  > 
cents  per  foot  for  each  additional  50  feet  in  depth.  North  of  the  rail- 
road, where  the  lK)wlders  are  larger,  a  charge  of  from  10  lo^^p^f 
cent  more  is  made  for  boring.  These  prices  do  not  include  theoi«^ 
of  casing.  The  data  given  below  concerning  deptli  of  wells  and  depit 
of  water  were  in  nearly  all  cases  obtained  from  statements  made  b) 
the  owners. 

On  the  following  pages  is  given  a  compilation  of  facts  with  refK- 
encc  to  the  depth  of  water  in  wells  through  the  district  and  a  suib- 
mary  of  the  water  crop  from  the  principal  development  works.  It  ^ 
b<Hm  impossible  to  form  an  exact  estimate  of  the  amount  of  '^9\*'' 
taken  for  domestic  use  and  for  minor  irrigation  purposes  from  tb^^ 
large  number  of  small  wells  on  the  mesa,  but  the  water  from  tk 
larger  develoi>ments  luis  been  accurately  measured  and  include<lii 
this  summary. 

DESCRIPTION   OF  WELLS  IN  PASADENA  MESA.^i 

1.  Giddlng;  on  Colorado  street  between  HoUister  and  Chester  street*:  c'^^ 
tion,  815  feet;  depth  to  water,  103  feet;  dug  mostly  throngh  gravel  withnoh*n 
pan:  digging  cost  $1  i^er  foot  and  25  cents  extra  for  every  25  feet  additifna^^  i'* 
feet  deep,  with  6  feet  of  water:  elevation  of  water,  713  feet. 

a  The  unit  of  measurement  is  the  California  miner's  inch,  which  is  0.02  of  1  caUc  Mi*' 
second. 
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.   McCaUnm;  Colorado  street,  in  McCaUnm  wash;  elevation,  785  feet;  151  feet 

p;  "siras  dug  originally  83  feet;  at  90  feet  sandstone  for  10  feet;  101  feet  from 

face  to  water;  50  feet  of  water;  elevation  of  water,  684  feet;  water  raised  by 

idmill. 

.  Hoover;  a  bored  well  with  windmill;  115  feet  deep,  with  17  feet  of  water; 

ration,  775  feet;  water  elevation,  677  feet. 

.   Moses;  bored  well;  300  feet  deep;  elevation  790  feet;  water  elevation,  684  feet; 

aurally  100  feet  of  water,  now  94  feet,  commencing  106  feet  from  the  surface; 

liorsexx>wer  gasoline  engine  with  8-inch  stroke,  8-inch  cylinder,  pnmping  1,000 

Ions  on  honr. 

.  Kin^;  227  feet  deep;  elevation,  800  feet;  water  elevation,  678  feet;  originally 

feet  of  Water,  now  about  105  feet;  water  raised  by  an  engine  with  12-inch 
3ke  and  4-inch  cylinder,  pnmping  2,500  gallons  per  honr. 
.  Stevens;  121  feet  deep;  81  feet  of  water;  90  feet  to  water  surface;  elevation, 

feet;  'water  elevation,  691  feet;  was  dug  thirteen  years  ago. 
.  McAdam;  150  feet  deep;  57  feet  from  surface  to  water;  elevation,  740  feet; 
ter  elevation,  683  feet. 
.  Merwin;  95  feet  deep;  55  feet  to  water;  elevation,  735  feet;  water  elevation, 

feet ;  pnmp  capacity,  20  gallons  per  minute;  costs  3^  to  4  cents  an  hour  to  run 
^ne  with  g^asoline. 

.  Bntler;  bored  well;  93  feet  deep;  48  feet  from  surface  to  water,  originally  40 
t;  elevation,  718  feet;  water  elevation,  670  feet. 

0.  Hutchinson;  bored  well;  230  feet  deep;  86  feet  from  surface  to  water;  ele- 
ion,  713  feet;  water  elevation,  677  feet;  well  bored  through  clay;  pressure 
ttes  from  below. 

t.  Daniels;  107  feet  deep;  40  feet  from  surface  to  water;  water  67  feet  deep; 
nation,  715  feet;  water  elevation,  675  feet;  strata  of  clay  and  bowlders  with 
xse  gravel  at  bottom  were  encountered. 

2.  Hodge;  169  feet  deep;  38  feet  to  water;  elevation,  725  feet;  water  elevation, 

feet. 

3.  Miles;  bored  well;  225  feet  deep;  143  feet  to  water;  elevation,  817  feet;  water 

v^ation,  674  feet. 

4.  Wilkeson;  177  feet  deep;  30  feet  from  surface  to  water;  elevation,  720  feet; 
ter  elevation,  690  feet;  Jack  Butler,  well  borer,  says  that  wells  during  1898 
re  15  feet  lower  than  in  previous  years. 

5.  Ackerman;  bored  well;  149  feet  deep;  75  feet  from  surface  to  water;  eleva- 

1,  710  feet;  water  elevation,  635  feet. 

6.  Thomdyke;  275  feet  deep;  30  feet  from  surface  to  water;  elevation,  705  feet; 
ter  elevation.  675  feet;  fine  clay  encountered  at  69  feet  and  73  feet  from  sur- 
e,  the  remainder  being  gravel  strata. 

7.  Lamanda  Park;  180  feet  deep;  originally  80  feet  from  surface  to  water;  ele- 
ion,  740  feet;  present  water  elevation,  680  feet. 

H.  Titns;  558  feet  deep;  from  surface  to  water,  12  feet,  originally  4  feet;  eleva- 
1,  690  feet;  water  elevation,  678;  several  strata  of  cement  1  inch  thick  were 

ountered. 

9.  Bntler:  175  feet  deep;  75  feet  from  surface  to  water;  elevation,  720  feet; 

ter  elevation,  645  feet. 

0.  Graves;  88  feet  deep;  40  feet  from  surface  to  water;  elevation,  720  feet; 
ter  elevation,  680  feet. 

1.  Kronser;  113  feet  deep;  15  feet  from  surface  to  water;  elevation,  700  feet; 
ter  elevation,  685  feet. 

2.  Wakefield;  60  feet  deep;  originally  20  feet  to  water,  now  30  feet;  elevation, 
feet;  water  elevation,  673  feet. 

IKR  81—03 12 
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23.  Pavey;  360  feet  deep;  water  elevation,  670  feet;  originally  flowed  16imjL-:« 
inches  of  water;  still  flowing,  but  in  less  volume. 

24.  Chapman;  flowing  well;  175  feet  deep.  There  are  about  12  wells  flovk? : 
this  ranch. 

25.  Hassleys;  500  feet  deep;  elevation,  600  feet;  originally  artesian,  bnt  t  - 
cnt  by  a  tnnnel  at  a  lower  elevation. 

26.  Raymond;  40  feet  to  water,  which  is  4  feet  deep;  water  fell  2  feet  dnr-. 
season  of  1808;  01  miner's  inches  of  water  were  pumped  from  this  wfU  do:... 
October,  1898;  well  is  brick  lined  and  12  feet  in  diameter. 

27.  Marengo  tunnel;  run  into  Raymond's  hill  at  Terminal  Railway,  Fair  te- 
station; it  is  discharging  18  miner's  inches.    This  tunnel  drained  a  small  tizi 
on  the  west  side  of  Fair  Oaks  avenue. 

28.  Finer;  dug  well,  Ipswich  street;  depth,  48  feet;  water,  12  feet;  dugini^rt- 
ber,  1897;  at  first  there  was  a  supply  of  50  miner's  inches,  but  the  snppk-- 
diminished  to  30  miner's  inches;  a  6- inch  centrifugal  pump,  with  ao-bors^p  »-• 
engine,  pumps  out  the  well  in  1.5  hours. 

29.  Stoneman  tunnel;  was  first  run  in  1892, 178  feet,  and  in  summer  of  1>'/^^-' 
extended  164  feet;  flows  14.4  miner's  inches. 

30.  Graves  tunnel;  530  feet  of  tunnel  and  about  100  feet  of  ditch:  water  ;!'>:- 
below  the  surface  of  the  ground  at  the  upper  end;  20  miner's  inches  of  vik 
obtained. 

31.  Oak  Knoll;  about  the  same  class  as  Rhodes  well  and  discharging  the  >•- 
amount  of  water,  4  miner's  inches. 

32.  Brickyard  well;  near  Lake  avenue,  northeast  from  Oak  Knoll:  4i^  i**-* 
well  are  through  clay,  7  feet  through  sand  and  gravel;  7  miner^s  inches  of  wi  • 
is  obtained;  this  is  a  brick-lined  dug  well. 

33.  Rhodes  well;  near  corner  of  Lake  avenue  and  Hawkeye  street;  49  f«rt  -- 
and  water  approximately  8  feet  in  depth;  steam  plant,  IS-horsepower  boiler. n: 
Smith  valve  pump;  a  continuous  flow  of  4  miner's  inches  ifi  obtained. 

34.  Alhambra  water,  in  Maybarry  Canyon;  64  miner's  inches  is  obtsfr- 
which  is  not  the  full  capacity  of  the  plant.  There  are  six  wells,  from  srn't" 
feet  deep,  of  which  five  are  being  pumped  and  one  flows. 

35.  Patton  tnnnel,  near  Kewen  Lake;  produces  7  miner's  inches. 

36.  Surface  water;  Patton  water  in  West  Canyon,  2  miner's  inches. 

37.  Patton  water,  East  Canyon;  24  miner's  inches.     (San  Gabriel  wak: 
included  in  this. ) 

38.  San  Gabriel  Mission;  24.9  miner's  inches;  comes  from  the  same  cany  «£  ^ 
Patton  water  in  East  Canyon;  it  is  surface  water  and  has  been  reduced  byd-- 
opment  works. 

39.  Shorb  water;  from  tunnel  under  orange  grove  on  Shorb  place;  apT  - 
mately  2  miner's  inches  is  obtained.    In  small  canyon  northwest  of  hoo^e  t^~ 
is  a  stream,  approximately  5  miner's  inches;  there  are  three  artesian  vell^  ^ 
42)  southeast  of  the  ranch  house,  from  which  17  miner's  inches  is  obtaineiL 

60.  Lower  Painter  well;  dug  in  1894;  96  feet  deep;  water,  79  feet  from  soii*" 
elevation,  1,040  feet:  water  elevation,  961  feet;  this  is  a  4-foot  by  7-foot  du^^ 
the  material  passed  through  being  large  bowlders. 

61.  Upper  Painter  well;  dug  well  much  resembling  No.  ftO;  162  feetde^-  - 

I 

feet  to  water;  elevation,  1,129  feet;  water  elevation,  997  feet. 

62.  Becker;  200  feet  deep;  depth  to  water,  as  measured  in  May,  IW.  1 
a  O-horsepower  gasoline  engine  is  used  which  has  pumped  5  miner's  inchrt': :' 
a  bored  well;  cost  $250,  including  casing  ($1  per  foot  plus  25  cents  addit>«B^ 
each  50  feet  additional  depth) ;  elevation,  825  feet;  water  elevation.  652  fwi 

63.  Stafford:  bored  well;  241  feet  deep;  depth  to  water,  173  feet;  eleT»d<t  * 
feet;  water  elevation,  052  feet. 


i,.i. 
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64.  Krank;  800  feet  deep;  290  feet  to  water;  elevation,  1 ,070  feet;  water  eleva- 
bion.  780  feet. 

65.  M^eers;  on  E  street;  300  feet  deep;  75  feet  of  wafcer  in  August,  1897;  eleva- 
ion,  1,060  feet;  water  elevation,  835  feet. 

66.  S1x>ne;  100  feet  deep;  85  feet  to  water;  elevation,  1,040  feet;  water  eleva- 
don,  95^  feet;  approximately  15  miner's  inches  is  obtained  when  pump  is  run. 
Phis  is  skdng  and  timbered  well  and  cost  for  excavation  $1.75  per  vertical  foot 
mtil  'w^.ter  was  struck;  passed  through,  say,  65  feet  of  gravel,  15  feet  of  sand,  and 
2  feet  of  clay. 

67.  Called  Painter  well;  170  feet  to  water;  14  feet  lower  ground  than  No.  41; 
w^ater  elevation,  830  feet. 

50.  Hnrlbut;  bored  well,  about  1,300  feet  deep;  95  feet  through  clay;  but  little 
vater;  elevation,  816  feet;  water  elevation,  745  feet. 

26.  Olxusted;  89  feet  deep;  elevation,  750  feet;  water  elevation,  740  feet;  the 
isnal  depth  of  water  from  the  surface  is  8  feet,  but  in  October,  1898,  was  10.5 
eet. 

51 .  Pasadena  and  Pacific  xx>wer-house  well;  elevation,  750  feet;  water  stands  11 
eet  from,  original  surface  of  ground;  water  elevation,  739  feet. 

52.  Balzer:  35  feet  deep;  elevation,  740  feet;  water  elevation,  734  feet;  supplyis 
aid  to  come  from  northeast. 

53.  Pasadena  West  Side  Water  Company;  about  70  feet  deep  and  3  feet  to  water; 
levation,  718  feet;  water  elevation,  715  feet;  water  comes  from  northeast. 

68.  Morehouse;  cesspool  at  this  point  of  70  feet  and  no  water  is  encountered; 
urface  elevation,  790  feet. 

69.  On  top  of  a  hill  500  feet  east  of  No.  53;  60  feet  deep  and  no  water  found; 
urface  elevation,  825  feet. 

74.  In  Arroyo  Seco,  at  mouth  of  canyon;  250  feet  deep  and  dry. 

A^maunt  of  water  developed  in  Pasadena  Mesa,  October,  1898, 

[1  miner^B  inch  is  O.OS  of  1  cubic  foot  per  second.] 

Minerva 
inohes. 

r.   Raymond  Improvement  Company's  tunnel  at  Fair  Oaks  avenue 18 

}.  Marengro  well,  near  Atchison,  Tox>eka  and  Santa  Fe  station,  Raymond ...  91 
).  Surface  water  in    Marengo  Canyon,  near  railroad   crossing  (Southern 

Pacific) -- - -  20 

j_  Finer  "well  on  Ipswich  street,  near  Santa  Fe  Raymond  station;  intermit- 
tent pumping .-- 30 

}.  Las  Roebles  Water  Company,  near  new  Graves  tunnel 14 

>.  Stoneman  Canyon  heads,  near  Finer  well 3 

).   Walter  Graves's  new  or  upper  tunnel 20 

I.  Oak  KnoUwell. 4 

5 .   BricUciln  well - 7 

J    C.  H-  Rhodes 's  well,  near  Lake  avenue  and  Hawkey e  street 4 

[     Alhanibra  water,  artesian  wells  and  air-compressing  plant  _ 64 

;    patt-on  tunnel,  near  Kewen  Lake. 7 

\.   Patton  water  in  west  canyon 2 

'     patton  "water  from  east  canyon 24 

;    San  Q-abriel  Mission  water 25 

)    Slior"b  -water  northwest  from  ranch  house 5 

^    Shorl>  water  in  tunnel  southwest  of  ranch  house. 2 

),   G-raves's  lower  tunnel  (dry) - 0 

j^icliardson's  two  tunnels,  near  Kewin  Lake 18 

'    Shorty's  three  artesian  wells  southeast  of  house 17 

\    pninp,  19  inches;  artesian,  3  inches;  tunnel,  22  inches;  all  belong  to  Shorb.  38 
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44.  RoBe  well,  east  side  Santa  Anita  avenue '*' 

45.  Winston  wells,  Santa  Anita  avenne 1^ 

46.  Alexander  water,  east  of  Santa  Anita  avenue t'> 

47.  Titus  ranch _ 1? 

48.  Sunny  Slope  developments ^ 

59.  Chapman i'< 

Total  .: «1 

Developments  near  Devils  Oate  by  the  United  Water  Companies. 

56.  Pumped  from  well  below  Devils  Gate,  but  entering  tunnel  above  sand  box.    ' 

57.  Weir  at  mouth  of  northeast  tunnel _ " 

58.  Weir  at  mouth  of  northwest  tunnel l*j 

Total  from  Devils  Gate 1» 

59.  Total  from  North  Branch _ 11^ 

Total  from  submerged  dam  and  from  under  arroyo  above  dam ^ 

Flow  from  the  900-foot  tunnel,  east  bank  of  arroyo,  or  six-tenths  of  whok 

Devils  Gate  flow  from  tunnels " 

70.  Richardson  timnel  below  Devils  Gate _ -^ 

71.  Wilson  tunnel  below  Devils  Gate 1' 

Developed  at  Devils  Gtote i'^ 

Total  upi)er  arroyo  development _ . .  _ 1^ 

42.  Upper  Painter  well ■"* 

41.  Lower  Painter  well _ 

48.  Stone  well -. _ 

Pump  near  reservoir  No.  l-_ _ 


ill 


Total - :i* 


72.  Sheep  Corral  Springs,  in  development  cut. 

73.  Above  shaft  No.  2,  detail  of  No.  58 


:\ 


Summary  of  water  development  from  Pasadena  Mesa. 

Devils  Gate  development '- 

Sheep  corral _ '"' 

Lower  dike  in  4|  miles ^' 

Total '*'- 

PASTORIA  CREEK. 
Discharge  measurement  of  Pastoria  Creek,  Kerti  County. 


Date.  I         Hydrographer.  charge.  '  Locality. 


Nov.    13,1895  ,  J.B.Lippincott. 
Dec.    15,1896; do 


Sec.  feet. 

0. 04     Mouth  of  canyon. 
0.00  i  Road  crossing. 


lippincx>ttO 
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PESCADERO  CREEK. 

IHscharge  meaaurement  of  Pescadero  Creek,  San  Mateo  County. 


I>ate. 


Hydrograpber. 


t      Dte- 
'  charge. 


Sec.-/eet. 


Liocality. 


Oct.     17, 1893     W.  W.  Brier '      4. 67  j  0  miles  above  Pescadero. 


PILARCITOS  CREEK. 


DiscJiarge  inea»urement  oflHlarcitos  Creek,  San  Mateo  County. 


Date. 


Hydrogrrapher. 


DiB- 
charge. 


Locality. 


Oct.     17,1893  !  W.W.  Brier 


;  Sec-feet. 

I      0. 80     3i  miles  above  Half  Mo(3n  Bay. 


PIRU  CREEK. 


Discharge  mewmrements  of  Pint  Creek,  Ventura  County. 


Date. 


Mar.  10,1895 

Jan.  21,1896 

Jan.  31,1896 

Ang.  11,1898 

Dei.  15,1896 

Mar.  16,1899 

Mar.  17,1899 

Mar.  14.1899 

Ang.  19,1899 

Oct.  8. 1900 


Hydrographer. 


J.  B.Lippincott. 

.  S.Stewart 

'  J. B.Lippincott. 

F.H.  Olmsted  . 

J.  B.  Lippincott 


'    Qaffo 
height. 

Feet. 
0.27 


Dis- 
eharfce. 


L<x%lity. 


1 .  75 


Sec.-fvet. 

8.54 
18.00 
13. 30 


Robertson  Mill. 
Smith's. 
Do. 


0. 92  I  French  House. 

I 

.  20     Gorman  Creek  below  Gor- 
man Station. 

S.G.Bennett l"r>l.(H)  |  At  Pirn  City,  wagon  road 

(Tossing. 


do  .- - "153.00 

do ! 5.00 

do  ..   I       1.30 

W.W.a>ckins,jr- 2.20 


Do. 

Narrows,  near  Dntton's. 

Head  of  Pirn  pipe  line. 

Lower  IMm  Creek,  ditches 
from. 


aDltoh  iK  carrying  in  »efcmd-fwt  on  both  dateH  in  addition. 
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PIT  RIVER. 

Discharge  vieasurenients  of  Pit  jRir^r,  Shasta  County. 


Date. 


Hydro^apher. 


Dis- 
chax^re. 


Locality. 


1901. 
Sept.  — 
Sept.     9 
Sept.  — 

Sept.  — 
Sept.  — 
Sept.     9 

1902. 
Sept.  17 


Sec.-fett. 

Robt.  McF.  Doble '  2, 280 

S.G.  Bennett I  2,682 

Robt.  McF.  Doble '  177 

I 
do  _..    I  1,447 

do 627 

S.G.Bennett 23 


do 


208 


Sept.   18  I do I  1,543 

Do. .-I do 583 

Sept.  15  I do... j  2,350 

Do... I do 209 

I 

Sept.  27  1  Chas.A.Miller 2,508 


Do 


do 


37 


Peck's  Brid^. 

Silverthom  Ferry. 

Bnmey    Creek,    tribatan*   oi  Pr 
River. 

Fall  River,  near  mouth. 

Hat  Creek,  Carbon  bridge. 

Squaw    Creek,  near   Copper  ("ity 
bridge. 

Pit    River    above   mouth  of  F:il 
River,  at  Fall  River  Mills. 

Fall  River,  at  bridge. 

Hat  Creek,  at  Carbon  bridge*. 

Peck's  bridge. 

Bumey  Creek,  i  mile  below  Burs- 
Falls. 

Silverthom  Ferry. 

Squaw    Creek,  near   Copper  i 
bridge. 


PLUNGE  CREEK. 

Diftcharge  vieamirenieiits  of  Plunge  Creek^  at  headieorks  in  canyon^  San B'r>*' 

di7io  County. 


Date. 


Hy  drographer . 


June  12,1898  I  J.  B.  Lippincott 

Sept.     9,1898  ' do 

Mar.   25,1899  ^  S.  G.  Bennett .. . 

Aug.  25,1899  I do 

July    12,1900  ' do 


.w  ■•' 


«»  * 


I".' 


Apr.      7,1902  ^ do 

Sept.     4,1902  I  W.B.Clapp 


POMPONIO  CREEK. 

Discharge  meafnirement  of  Poniponio  Creek,  San  Mateo  Counts. 


Date. 


Hydrojfrapher, 


1898.     I 
Oct.    17  I  W.W.  Brier 


I      Di8- 
<'harge. 

Sec.'feei. 


Jjocallty 


0. 27  I  2  inileH  above  month. 


PPlNC-OTT-l 
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POSO  CREEK. 

Estimated  monthly  diacharge  of  Poso  Creek  at  base  of  foothills.^ 

[Dra1nai?earea,  289  Kiaare  miles] 


Month 


1878. 


rovember 
)efeinber 


1879. 


anuary  _ . 
''ebruary. . 

rlarch 

^pril 

tf  ay 

Tune .  _ . 

rnly 

Viignst  - .  - 
September 
October  . . 
J^ovember 
December  . 


The  year 


1880. 


January  . . 
February  . 

March 

April  

May 

June 

July 

August  . . . 
September 
Octol)er . . . 
Noveuiber . 
December . 


The  year 


Meau  dis- 
cbarge. 

Sec-feet. 

Total  dis- 
charge. 

Run  oflP. 

Per  square 
mile. 

Depth. 

Acre-feet. 

Sec-feet. 

Inchest. 

0 

0 

0 

0 

0 

0 

0 

0 

23 

1,414 

0.08 

0.09 

40 

2,221 

.14 

.15 

20 

1,230 

.07 

.08 

72 

4,284 

.25 

.28 

52 

3. 197 

.18 

.21 

17 

1,012 

.06 

.07 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

75 

4,463 

.26 

.29 

145 

8,916 

.50 

.58 

37 

26, 737 
21,336 

13 

1.75 

347 

1.20 

1.38 

665 

38.251 

2.30 

2.48 

751 

46, 177 

2.60 

8.00 

838 

49, 864 

2.90 

3.24 

578 

35, 540 

2.00 

2.31 

145 

8,628 

.50 

.56 

14 

861 

.05 

.06 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

58 

1 

3, 451 

.20 

.22 

145 

8,916 

.50 

.58 

294         213, 024 


1.02 


13. 83 


a  Authority,  State  engineer.    Estimated  from  run-off  of  neighboring  streams. 
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Estimated  monthly  discharge  of  Poso  Creek  at  base  of  foothilU — Continoei] 


Month. 


1881. « 


January  . 
February 
March  . . . 

April 

May 

Jnne 

July 


Meftndis-    '    Total  did- 
cbar^.  rharfire. 


Ron  off 


Per  tiqaare 

mile 


Dn^h 


Ser.'feet. 
.  145 
289 
289 
289 
289 
145 


Acre-feet. 

St^./rrt. 

Iwfi^'- 

8,916  . 

0.50 

0> 

16,050 

1.00 

L^ 

17,770 

1.00 

1.: 

17,197 

1.00 

1.1. 

17,770 

1.00 

l/J 

8,628  i 

.50 

,-«i 

August  ... 
September 
October . . . 
November 
December . 


The  year 


1882. « 


January  .. 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November 
December . 


The  year 


0 

0 

0 

35 

2,152 

.12 

■ 

123 

88,483 

.42 

0 



—    —  _  — 

r^       -      ir     ~    ~r        '^~z^ 

35 

2. 152 

.13 

43 

2,388 

.15 

. 

145 

8,916 

.5*1 

. 

145 

8,628 

.50  > 

29 

1.78:} 

.10 

. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

43 

2. 559 

.l.-l 

14 

861 

.05 
.1.) 

. 

38 

27, 287 

1 

«  Estimated  from  run-off  of  neighboring  ntream. 


.r 


i» 
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Kstiniateil  monthly  diaeharge  of  Poso  Creek  at  base  of  foothills — Continued. 


Month. 


1883.« 


January  . . 
February  . 

March 

April 

May 

Jtine 

July  -_-  .. 
August  .  .. 
September 
October  .-. 
November . 
December . 


The  year 


1884.« 


January  _. 
February  . 

March 

April 

May 

June 

July 

August  - .  - 
Sei)teniber 
October  . . . 


I 

Mean  dls- 
charge. 

Total  dlR- 
eharge. 

Run-off. 

Per  Miuare 
mile. 

Depth. 

Sfc.'fert. 

• 

Acre-fret. 

^v.-feet. 

Jnches. 

43 

2,644 

0.15 

0.17 

43 

2,388 

.15 

.16 

231 

14,204 

.80 

.92 

145 

8,628 

.50 

.56 

119 

7,317 

.41 

.47 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

29 

1,783 

.10 

.12 

29 

1.726 

.10 

.11 

43 
57 

2,644 

.15 
.19 

.17 

41,334 

2.68 

1 

— 

-—  — 

145 

8,916 

.50 

.58 

867 

49, 870 

3.00 

8.24 

867 

53,310 

3.00 

3.46 

578 

34, 393 

2.00 

2.23 

119 

7,317 

.41 

.47 

145 

8,628 

.50 

.56 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

"Estimated  from  run-off  of  neigh lx):niiur  Klrerim. 


PURISSIMA  CREEK. 
Discharge  measurement  of  Pnn'ssima  (*reek,  San  Mateo  (\ninty. 


Date 

1.S93. 
Oct.      17 


Hydr«igraph»?r. 


charge. 


LiX'ality 


W.  W.  Brier 


Set'.-feet. 

2. 03     1  ^  miles  alM>ve  Piirissima. 
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PUTAH  CREEK. 
Discharge  meamirement  of  Putah  Creeks  Napa  County, 


Date. 


Hydrogrrapher. 


Dis- 
charge. 


Remarks. 


190(). 
Sept.  2.S  i  S.  G.  Bennett 


Sec-feet. 

4.4     6  miles  alxive  Winters,  at  Deri]? 
Gate. 


RABEL  DAM  DITCH,  SAN  BERNARDINO  COUNTY. 

S(»o  Sail  Bernardino  Valley,  Ral)el  dam  ditch. 

RANCHERO  DITCH,  SAN  BERNARDINO  COUNTY. 

See  San  Bernardino  Valley,  Ranchero  ditch. 

RED  HILLS  DEVELOPMENTS. 

See  ('Ucaraonpi  Creek,  Red  Hills. 

REDLANDS  CANAL. 

Se<^  Santa  Ana  River,  Redlands  canal. 

RINCON   CREEK. 
Discharge  iiieasiirernents  of  Rincmi  Creek,  Satita  Barbara  County. 


Date. 


HydroKrapher. 


Aug.  — ,  1889  '  G.  F.  Wright 
June   16, 1900     R.  Moyer 


0.:. 


RUBICON  RIVER. 


Soo  Middle  Fork  American  River. 


RIVERSIDE  WATER  COMPANY,  UPPER  CANAL. 


See  San  Bernardino  Vallev. 


SACRAMENTO  RIVER. 


This  river  rises  in  the  extreme  northeastern  corner  of  Calif ornia  an*^ 
flows  in  a  general  southerly  direction,  draining  a  larj^e  area  in  nortl 
ern  California  between  the  Coast  Range  on  the  west  and  the  SI+'Hti 
Nevada  on  the  east.     It  discharges  into  San  Francisco  Bay.     A  num 
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ber  of  storage  reservoirs  have  been  constructed  on  the  various  tribu- 
taries of  the  river,  and  are  used  for  hydraulic  mining  purposes  and  to 
a  less  extent  for  irrigation.  The  gaging  station  of  the  Geological 
Survey,  established  April  »30,  1895,  is  located  12  miles  above  the  town 
of  Red  Bluff  at  the  crossing  of  the  countiy  road  at  Jellys  Ferry.  The 
gage  consists  of  a  vertical  rod  made  in  three  sections  and  nailed  firmly 
to  trees  near  the  ferry  landing.  A  second  rod  is  located  1,200  feet 
above  the  gage,  and  a  third  one  350  feet  below  the  main  rod,  in  order 
to  determine  the  slope  of  the  water  surface.  The  three  rods  are 
referred  to  the  same  datum.  Bench  mark  Xo.  1  is  on  an  oak  tree  on 
the  left  bank  of  the  river  300  feet  below  the  cable,  and  is  22.420  feet 
above  gage  datum.  The  ferry  cable  is  used  in  the  discharge  measure- 
ments. The  channel  for  1,000  feet  above  and  below  the  station  is 
nearly  straight.  The  right  bank  is  high,  but  the  left  bank  is  liable 
to  overflow  when  the  water  rises  above  the  25-foot  mark.  The  bed 
of  the  stream  consists  of  grav^el  and  changes  only  slightly.  The 
gaging  station  of  the  State  engineering  department  was  at  the  mouth 
of  the  river. 

m 

Discharge  measuretnents  of  Sacramento  River. 


Date. 

1878. 
Oct.    — 

1879. 
Mav    12 


Hydrographer. 


Dis- 
charf^e. 


Locality. 


Jnlv 

16 

May 

16 

May 

21 

July 

14 

May 

22 

July 

14 

Mar. 

8 

Mar. 

20 

Jan. 

24 

Sfc.-feet. 
United  States  Engineers -i     6,425  ]  Sacramento. 

i 
State    engineering    de-     16,000  i  Knights  Landing. 

partment.  I 

do :    7, 000  Sacramento  Slough. 

do .  I  38,000  Gray&Shaws. 

do 26, 000  Above  mouth  of  American  River. 


do  _ .---    13,000 

do I  39,000 

do 15,000 

do 40,000 

do - -    56,000 


do 


12,000 


Do. 
Sacramento,  foot  of  I  street. 

Do. 
Freeport. 

Do. 
Brannan  Slough. 
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Estimated  monthly  discharge  of  Sacramento  River  at  CoUinsrUle.^ 

[Drainage  area,  20,187  sqoare  miles.] 


Month. 


1878. 


November. 
December . 


1879. 


January... 
February  . 

March 

April  

May 

Jmie 

July 

August  ... 
September 
October . . . 
November. 
December . 


The  year 


1880. 


January. -. 
February  . 

March 

April 

May  - 

June 

July 

AllgUHt   -    . 

Septenil)er 
October  _ . . 
November. 
December . 


The  year 


Mean  dis- 
cbarge. 


Sec.-fett. 
8,000 
9,000 


12,000 

30,000 

110,060 

110,000 

75, 000 

45,000 

16,000 

8,500 

6,500 

8,000 

7,500 

27,000 


Total  dis- 
charge. 


Acre-fret. 
476,033 
553.888 


SOIHlff. 


737, 851 

1,666,115 

6, 763, 640 

6. 545, 450 

4,611,570 

2, 677, 686 

983,802 

522,644 

386,776 

491,901 

446,281 

1.660,165 


37,958  '  27,493,881 


Per  square 
mue. 


Sec.'fett 

0.31 

.34 


.46 

1.14 

4.20 

4.20 

2.86 

1.72 

.61 

.32 

.25 

.30 

.29 

1.03 


Ivkrt 

.9 


4^ 
4<> 
I 


1.45 


>r 


28,000 

21,000 

22,000 

95,000 

135, 000 

110,000 

53,000 

18,000 

9,000 

7,500 

7,000 

20,000 

43, 792 


1,721,653 

1.07 

l,207,ft38 

.80 

1,352,727 

.84 

5, 652, 892 

3.63 

8, 300, 828 

5. 16 

6, 545, 4r>0 

4.20 

3, 258. 843 

2.02 

1,106,777 

.69 

535, 537 

.34 

• 

461,157 

.29 

416, 529 

.27 

1,229,752 

.76 

31,790,078 

1.67 

•  J" 

4.-'' 
"i  -^ 

4*> 


V 


*1 


a  Authority,  State  engineer. 
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Eatimated  monthly  discharge  of  Sacramento  Rix>er  at  Co//iii*tn7/f— Continued. 


Month. 


1881. 


anoary  .. 
'ebmary  . 
flarch 
Lpril  .. 

(fay 

nne 

'uly 

Lugiist  - . . 
Jeptember 
X'tober  .  _ . 
^'ovember. 
December . 


The  year 


1882. 


Tanuary  _. 
i^'ebruary  . 

tf  arch 

\pril 

tf  ay . . 

Fune 

ruly 

^.ngnst  - . . 
September 
October  . . . 
S^ovember 
[December . 


Mean  dis- 
charge. 


The  year 


Sec-feet. 

95,000 

115,000 

77,000 

90,000 

70,000 

35,000 

14,000 

8,000 

6,500 

7,000 

8,200 

16,000 


Total  dis- 
charge. 


24,000 
22,000 
55,000 
90,000 
92,000 
74,000 
17,000 
8,000 
6,500 
10,000 
14,000 
11,000 

85, 292 


Acre-fevt. 

5,841,3:2 

6, 386, 776 

4, 734, 545 

5,355,372 

4,304,132 

1 ,487, 603 

860, 826 

491,901 

386,777 

430, 413 

487,934 

983,802 


44,308     31,751,403 


1,475,702 
1,221,818 
8,381,818 
5, 355, 372 


Bttn-off. 


Per  rauare 
mile. 


Sec.'/eet. 

3.63  I 

4.30 

2.94  , 

3.44  i 

2.67  ! 

.95 

.53 

.30 

.25 

.27 

.31 

.61 

1.69 


.92 

.84 

2.10 

3.44 


5, 656,  a59 

3.51 

4, 403, 306 

2.82 

1,045,289 

.65 

491,901 

.30 

386, 777 

.25 

614, 876 

.38 

833, 058 

..*>3 

676, 364 

.42 

25, 543, 140 

1.85 

Depth. 
Inche*. 

4.18 

4.57 

3.39 

3.84 

3.08 

1.06 

.61 

.35 

.28 

.31 

.35 

.70 

22.72 


1.06 

.87 

2.42 

3.84 

4.05 

3.15 

.75 

.35 

.28 

.44 

.59 

.48 

18.28 
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Month. 


1883. 


January  .  _ 
February  _ 

March 

April 

May - 

June - 

July 

August  - 
September 
October  _ . 
November 
December . 


The  year 


1884. 


January  . 
February  . 

March 

April 

May  - 

June . 

July 

August  --- 
September 
October .  _ . 


TTu-nuFn^u  XI 

ivtrr  ru  c  u**%t 

URTSMC? V,<JI 

UbUlUK* 

i. 

Mean  dis- 
charge. 

Total  dis- 
charge- 

Ran-off. 

Peraqoar^ 
mile. 

I>ISJ 

1 

Sec.'feet. 

Acre-feet. 

Sec./eei. 

Mdk,. 

12,000 

737, 851 

0.46 

n..V 

17,000 

944,132 

.65 

»-> 

21,000 

1,291.240 

.80 

^: 

73,000 

4,343,801 

2.79 

3 

.11 

80,000 

4, 919, 008 

3.05 

3 

.'^ 

32,000 

1,904,132 

1.22 

1 

:*. 

12,000 

737, 851 

.46' 

,\ 

7,000 

430, 413 

.27 

.:U 

6,500 

386, 776 

.25 

.'> 

7,000 

430,413 

.27 

.i- 

7,500 

446,281 

.29 

^ 

7,400 

455, 008 

.28 
.90 

13. 

:c 

23,533 

17, 026, 906 

y 

— 

—  —  _  -. 

—  " 

12, 000 

737. 851 

.46 

24,000 

1,380,496 

.92 

l.K 

80,000 

4, 919, 008 

3.05 

:i  '^i 

105, 000 

6,247,934 

4.01 

4.4: 

111,000 

6,825,124 

4.23 

4.<* 

90,000 

5, 355, 372 

3.44 

IM 

31,000 

1 . 906, 1 16 

1.18 

L*"^ 

12,000 

737, 851 

.46 

.•>"' 

7.500 

446.281 

.29 

8,000 

491,901 

.30 

.V^ 
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Discharge  fneasurenients  of  Saeramento  River,  Iron  Canyon ,  4  viiles  above  Red 

Bluff,  Tehuma  County,  Cal. 


Date. 


1901. 
Oct.     30 
Dec.    13 

1902. 
Jan.  28 
Feb.  12 
Mar.  3 
May  10 
Sept.  18 
Dec.    31 


Hydrographer. 


S.  G.  Bennett 
do  .- 


do 

Wm.  F.  Lnning 
S.  Q.  Bennett  .. 

do 

Chas.  A.  Miller. 
S.  G.  Bennett  . . 


Gage 
height. 

Dis- 
charge. 

Feet. 

Sec.-feet. 

1.03 

5,187 

2.68 

9,651 

1.35 

5,912 

20.6 

«110,824 

10.0 

41,570 

5.5 

18, 927 

.84 

4,425 

3.20 

9,858 

a  Float  meaanrement. 


Discharge  ineasurements  of  Sacramento  River  at  Red  Bluff,  Tehanui  County^  Cal, 


Date. 


1894. 
Dec.    20 

1895. 
Mar.   19 
Apr.    27 

1896. 
Jan.    21 
Jan.    22 


Hydrographer. 


Oage 
heig] 


hage 
>ight. 


Feet. 


Dis- 
charge. 


A.  P.  Davis  and  J.  B.  Lippincott _ 10.7       45,000 


Sec. -feet. 


J.  B.  Lippincott 
do 


do 
do 


4.8 

8.4 

20.8 

17.7 

15, 461 
36, 181 

109, 432 
83, 558 
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[50.  K 


Entimated  monthly  discharge  of  Hacrametito  River  at  Red  Bluffs  Tehama  Ctmntn.^ 

[Drainage  area,  9,356  aqrare  miles.]  ^ 


Discharge. 


Month. 


Maximnm. }  Minimum.  !    Mean. 


Rnn-off. 


Total  dis- 
charge. 


square      Xkpth. 
mile. 


1895.  Sec-feet. 

January 123,000 

February  .  ._ '  65,600 

March 85,360 

April .-.,  33,880 

May 48,600 


1 


June . . 

July 

August  . . . 
September 
October . . . 
November . 
December  . 


18,600 
0,040 
6,150 

10,820 
6,385 
6,690 

36,880 


Sec-feet. 

15,220 

18,860 

15, 220 

26,670 

16,840 

9,040 

6,150 

5,990 

5,830 

5,910 

5,910 

6,150 


Sec-feet. 

47,267 

26,792 

32,517 

29,566 

30,238 

12,764 

7,285 

6,057 

6,321 

5,969 

6,046 

10, 095 


Acre-feet. 

2,906,320 

1,487,040 

1,999,418 

1,759,300 

1,859,250 

759, 510 

444,863 

372,436 

376,106 

368,261 

359,792 

620, 760 


See.-feet. 

5.052 

2.864 

3. 475 

3.160 

3.232 

1.717 

1.364 

.647 

.676 

.640 

.646 

1.079 


4.W; 

3.5» 

3.736 

1..V25 

.>« 

.74^ 
.7:4 

.7:1 
1.544 


Per  annum 123,000  1        5,830  118,390,13,313,956      1.9656      36.  «7: 


1890. 

January 140,000 

February 46,860 

March  _ 74, 050 

April 72,910 

May  _ 81,030 

Jime 21, 150 

July 8,380 

August 5,910 

September  .    5,830 

October  .   6, 555 

November 57,200 

December 106, 880 


6,150 

9,040 

9,700 

16, 370 

19,660 

8,600 

5,990 

5,660 

5,660 

5,660 

5,660 

11,380 


The  year. 140,000 


5,660 


51,702 

15,231 

25,533 

30,708 

35,019 

13,599 

6,907 

5,788 

5,696 

5,730 

11,260 

33,316 


3,179,032 

876, 120 

1,569,981 

1,827,271 

2, 153, 252 

809,215 

424,604 

352,  a58 

338,977 

a52,336 

670, 058 

2, 048, 546 


5.53 
1.63 
2.73 
3.28 


1.45 
.74 
.61 
.61 
.61 
1.20 
3.56 


20,037   14,602,340     2.14 


6.41 
1.7« 
3.15 
3.6: 
4.35 

.SJ 
.7" 
.6> 
.7«' 
1.34 
4.(e> 


n  Authority ,  United  States  Oeological  Survey. 

^Draina^  areas  wore  measured  from  maps  of  United  States  Geological  Surrey. 
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discharge  measurements  of  Sacramento  River  at  Jellijs  Ferry,  Tehavia  County, 


Date. 


Hydro2rrapher. 


1895. 
pr.    30 
nne  30 
.ng.  25 
>tt.       5 

1896. 
an.    21 
an.    22 
uly      7 
Tov.     1 

1897. 
lar.  29 
(far.  13 
Lpr.  3 
^pr.  16 
^pr.  30 
tfay  11 
tfay  28 
Tune  11 
Tune  28 
Fnly  13 
Fuly  28 
\ug.  13 
^.ng.  28 
Sept.  13 
?ept.  28 
>t.  13 
>t.  28 
N'ov.  13 
C^ov.  28 
Dec.  13 
Dec.  17 
Dec.    28 


Gage 
height. 


Feet. 


J.  B.  Lippincott _ I  12 

do ,  6.75 

A.  P.  Davis  and  J.  B.  Lippincott |  5. 55 

J.  B.  Lippincott 5. 5 

J.  B.  Lippincott !  25. 9 

do - i  22.7 

C.C.Babb 6.6 


Richard  G^emon 


5.9 


Fred  Lemstrom 14. 4 

..    ..do 1  10.3 

J.  B.  Lippincott-   10.85 

Fred  Lemstrom '  12.2 


.do 

do 

.do 

-do 

.do 

-do 

do 

.do 

do 

-do 


do 


do 

do 

do .-- 

do 

do 

J.  B.  Lippincott 
Fred  Lemstrom 


10.3 
9 

7.5 
6.5 
6.42 
5. 95 
5.7 
5.6 
5.5 
5.5 
5.5 
5.6 
5.7 
5.7 
5. 95 
7.4 
6.85 
5.95 


DiS' 
charge. 


Hec. 

-/*. 

27, 

,255 

8 

456 

5. 

,452 

6, 

046 

105 

,000 

82 

,000 

6. 

,924 

6. 

,773 

28, 

319 

18, 

,568 

21. 

519 

25. 

,806 

18, 

544 

14, 

719 

10, 

,193 

7, 

277 

6. 

493 

5, 

,032 

5, 

082 

4. 

285 

4. 

,490 

4, 

,257 

4, 

418 

4, 

591 

4, 

202 

4, 

,196 

6 

,179 

10, 

,151 

8, 

802 

6, 

105 

IRR  81—03- 


-13 
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Discharge  ineamirements  of  Sacramento  River  at  Jelly*  Ferry,  etc, — ContmoKi 


Date. 


Hydro^rapher. 


1898. 
Jan.    28     Fred  Leinstrom 

Feb.    21    do 

Feb.   28  I do 

Mar.  18    do  ..'. 


Mar.  28 
Apr.  13 
Apr.  27 
May  13 
May    28 


.do 
.do 
.do 
.do 
do 


June     3     J.  B.  Lippincott 
June  13     Fred  Lemstrom 

Jane  28    do 

July    13    do 

Jnly    28 do 

Aug.   13  , do 

Aug.  27    do 

Sept.   13    do 

Sept.  28    do  - 


Oct. 

12 

Oct. 

28 

Nov. 

28 

Dec. 

13 

uec. 

28 

1899. 

Jan. 

14 

-do 
..do 
..do 

.do 
..do 


Fred  Liemstrom 


Jan.    28  I do 

Feb.    13  ' do 

Feb.    28  ' do 


I 


Mar.  13 

Mar.  29 

Apr.  13 

Apr.  28 

May  13 

June  3 

June  13 

June  28 

July  13 

July  28 

I 

Aug.  13  I do 

Aug.  28    do 

Sept.  13    do 

Sept.  28  ' do 


..do 
..do 
..do 
..do 
..do 
..do 
..do 
..do 
..do 
..do 


rharw 

Fleet. 

Sef-r 

5.7 

S.."" 

8.3 

13,11- 

15.32  , 

42,i>*' 

6.95 

9,4^^ 

6.1 

r.iv. 

6.1 

r.ei*. 

6.2 

7>' 

5.5 

0,47 

7.92 

1 

12, 4n 

7.1 

9.»4> 

5.9 

6..^ 

5.45 

5j'v 

5.2 

ifi:- 

5.1 

4/1^ 

5 

4..W-. 

5 

4."-:' 

5 

4.:' 

5.1 

4,  ... 

5.15 

4.> 

5.15 

4,r- 

5.2 

4,*^. 

5.2 

4.»' 

5.3 

4.46. 

11.4 

41   •» 

7.5 

H'.-T 

5.9 

5>- 

6.1 

6.> 

6.15 

6.0- 

11.5 

21..^' 

7.8 

lO.'t-i. 

7.3 

•  * 

6.65 

:,o 

6.9 

8.r' 

5.9 

6,> 

5.5 

4.* 

5.25 

4.e: 

5.05 

'      4... 

5.0 

s*? 

5.0 

;i  :- 

5.0 

4.  ^" 

5,0 

4'   , 
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I>ischarge  nieaMtrenwnts  of  Sacramento  River  at  JeUya  Ferry ^  etc, — Continned. 


Date. 


1900. 
?eb.  17 
^.pr.  29 
^ay  28 
Sept.  20 
Dec.    18 

1901. 
Jan.    27 
Apr.      9 
Sept.     2 


Hydrographer. 


Bichard  Gtemon 

do 

do 

S.  G.  Bennett  . . 
do 


S.  G.  Bennett 

do 

do 


Gaare 
height. 


Feet. 
6.8 
7.1 
6.4 
5.0 

10.0 

9.46 

7.8 

4.9 


Dis- 
charge. 


8ec.-ft. 
8,374 
9,586 
7,173 
4,105 
18, 361 

15,908 

11,112 

4,390 


Estimated   monthly  discharge  of  Sacramento  River  at  Jellys  Ferry ,   Tehama 

County, 

[Drainage  area,  0,184  square  miles.] 


Month. 


1896. 

January  

February 

March 

April  _ 

May  _ _ . 

June 

July 

August 

September 

October 

November 

December 

The  year 


Maximam. 


Discharge. 


Mlnimam. 


Sec-feet. 

130,050 

34,460 

62, 870 

59, 500 

75, 120 

20, 515 

8,960 

6,720 

6,360 

8,000 

43,000 

93,000 


130, 050 


Sec.'feet. 

6,360 

10, 070 

11,310 

16,920 

19,300 

9,200 

6,720 

6,180 

6,000 

6,000 

6,360 

8,480 

6,000 


Mean. 

Sec.-feet. 

46,152 

15, 468 

24,099 

25, 793 

30,941 

14,217 

7, 591 

6,394 

6,204 

6,163 

11,965 

22, 318 


Total  dis- 
charge. 


Acre-feet. 

2, 837, 813 

889, 764 

1,481,801 

1,534,819 

1,902,543 

846,018 

466,789 

393, 201 

369,163 

378,960 

712,014 

1,372,304 


Rnn-off. 


For 

square 

mile. 


Depth. 


18, 109 


18,  ia5, 189 


Sec.-feet. 
5.05  I 
1.69 
2.64 

2.82  ; 
3.39 

I 

1.56 
.83 
.70 
.68 
.67 
1.31 
2.44 


1.98 


Inches. 

5.86 

1.89 

3.05 

3.14 

3.91 

1.74 

.95 

.81 

.75 

.77 

1.46 

2.82 

27.08 
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Estimated  monthly  discharge  of  Sacramento  River  at  Jellys  Ferry,  etc.— Cm  i 


Month. 


1897. 

January 

February 

March 

April 

May 

June - .  - 

July 

August 

September 

October 

November 

December 

The  year 

1898. 

January 

February 

March 

April 

'May . . . 

June 

July 

August  -  - 

September 

October 

November 

December 

The  year 


Discharge. 


MAximnxn. 


'Mlti^m^Tift. 


Sec.-feet. 

49,765 

89,100 

44,340 

28, 710 

18,520 

9,200 

6,550  ' 

5,120 

4,600 

6,680 

8,600 

16,940 


Sec.-feet. 

8,320 

17,420 

13,100 

18,830 

9,200 

6,680 

5,120 

4,600 

4,600 

4,600 

5,120 

5,380 


89,100 

6,525 

33,600 

22,500 

7,260 

10,800 

10,500 

5,150 

4,475 

4, 475 

4,925 

6,892 

5, 950 


4,600 

5,835 
5,835 
6,525 
6,525 
5, 375 
5,150 
4,475 
4,250 
4,250 
4,475 
4, 475 
4,700 


Mean. 


Sec.-feet. 

14,280 

36,108 

21,790 

22, 807 

13, 737 

7,620 

5,699 

4,776 

4,600 

4, 955 

5,590 


7,792 


12,480 


6,120 
12,479 
9,745 
6,872 
6,632 
6,674 
4,700 
4,276 
4,280 
4,631 
4,785 
4,991 


33,600 


4, 250       6, 349 


BanoS. 


Total  dis- 
charge. 


Per    , 
square     De^ 
mile. 


Acre-feet. 

878,050 

2,005,335 

1,339,825 

1,357,108 

844,660 

453,420 

350,420 

293,667 

273, 718 

304,673 

332,627 

479,114 

8,912,617 


376, 307 
693, 049 
599, 201 
408,911 
407,789 
397, 130 
288,994 
262,923 
254,677 
284, 751 
284,727 
306,887 


8ec.-feet.    hHtfi 


1.56 
3.^5 
2.39, 
3.50 
1.50: 
.83' 
.63  1 
.52 
.50 
.54 
.61 


4.i: 


l.r.< 

•  I 
•  t  t 

.6: 


1.36      l'-^ 


4, 565, 346 


.67 
1.37 
1.07 
.75 
.78 
.73 
.53 
.47 
.47 
.51 


•I* 


.55 


.70 


"4 


C 


y.> 
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Eittinuited  monthly  discharge  of  Sacramento  River  at  Jelly s  Ferry,  etc. — Cont'd. 


Montii. 


1899. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 

1900. 

January 

February 

March 

April 

May 

June 

July 

August  - 

September 

October 

November 

December 

The  year 


Discharge. 


Mazimnm. 


Sec.-feei. 

42,600 

8,644 

83,400 

16,100 

7,530 

15,200 

4,760 

4,170 

8,980 

10,550 

58,480 

45,600 


Mimmam. 


Sec.-feet, 
5,065 
5,810 
6,750 
7,800 
6,030 
4,965 
4,170 
3,980 
3,980 
3,980 
4,760 
8,916 


Ban-off. 


83,400 


3,980 


119,700 

24,800 

123,000 

16,700 

19, 780 

6,265 

4,760 

3, 805 

5, 170 

21,520 

28, 800 

80,100 

123,000 


10,400 
7,800 

10,700 
8,630 
6,265 
4,760 
3, 805 
3, 805 
3, 630 
3,805 
4,560 
6, 030 


Mean. 


9,301 


80,661 

11,687 

23,288 

12, 082 

9, 572 

5, 477 

4,212 

3. 805 

3,981 

6,381 

8, 205 

15, 553 


Sec.'feet. 

18,498 

6,646 

20, 915 

10,837 

6,908 

6,199 

4,531 

8,986 

3,980 

5,068 

14,582 

14, 519 


Total  dis- 
charge. 

Per 

square 

mile. 

Depth. 

Acre-feet. 

Sec.-feet. 

Inches. 

829, 965 

1.48 

1.71 

369, 100 

.73 

.76 

1,286,022 

2.29 

2.64 

344,845 

1.19 

1.33 

424,759 

.76 

.87 

368,865 

.68 

.75 

278, 592 

.50 

.58 

245,061 

.44 

.51 

236,826 

.44 

.49 

811,814 

.55 

.68 

864,712 

1.59 

1.77 

892, 744 

1.59 

1.83 

6,752,805         1.02 


18.87 


1,885,271 

3.36 

3.88 

649,063 

1.28 

1.33 

1,431,923 

2.55 

2.94 

718,929 

1.32 

1.47 

588, 559 

1.05 

1.21 

325, 904 

.60 

.67 

258, 986 

.46 

.53 

233,960 

.42 

.48 

236, 886 

.44 

.49 

392, 352 

.70 

.81 

488,231 

.90 

1.00 

956,317 

1.70 

1.96 

3,630     11,242     8,166,381  ,       1.23         16.77 
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Estimated  monthly  discharge  of  Sacramento  River  at  Jellys  Ferry,  etc, — C'ontd. 


Month. 


1901. 

January -. 

February 

March _  . 

April 

May 

June 

July 

August 

September 

October 

November 

December . 

The  year 

1902. 

January  

February    

March 

April 

May 

June - . 

July 

Aug^ist 

September 

October    . 

November 

December 

The  year 


Discharge. 


Maxixnum. 

Sec-feet. 

74,240 

101,880 

46,100 

16,700 

13,700 

7.265 

4,760 

3,980 

0,380 

5,380 

44,100 

61,800 


101,880 


6, 750 

151,320 

61,700 

53,800 

24,460 

13,450 

7,060 

5,880 

5, 220 

11,750 

118,200 

39, 100 

151,320 


3, 630 

4,760 

5,660 

14, 150 

14, 150 

10,150 

7,060 

5,880 

5,440 

5,000 

5,000 

5,660 

8,110 


4,760 


finl-mnm 

Mean. 

Sec-feet. 

Total  disn 
chargre. 

Sec-feet. 

Acre-feet 

8,915 

20,988 

1,290,194 

9,800 

34,138 

1,895,928 

12,200 

20,628 

1,288.366 

9,200 

10,870 

646,810 

7,530 

9,804 

602,824 

4,965 

5,596 

382, 985 

3,980 

4,365 

268, 89i8 

3,805 

3,850 

236,727 

3,630 

8,922 

233, 375 

3,980 

4,194 

257, 879 

4,360 

7,745 

460,  a>9 

5,380 

12, 149 

747,013 

11,520 


8,241,a53 


5,376 

69,153 

27, 371 

21,992 

17,803 

9,998 

6,192 

5,674 

5,007 

5,931 

19,834 

17,506 


17,653 


330, 557 

3, 840, 563 

1,682,977 

1,308,615 

1,094,663 

594, 922 

380,731 

348,881 

297,938 

364,683 

1,180,204 

1,076,402 


12,501,135 


Rnn-dEF. 


Per 

square      DeptL 
mile. 


Sec-feet. 

2.30 

3.74 

2.26 

1.19 

1.07 

.61 

.48 

.42 

.43 

.46 

.as 

1.33 


1.:?? 


1.26 


16.91 


.59 
7.44 

2.37 

1.92 

1.08 

.67 

.61 

.54 

.64 

2.13 

1.88 


.6= 

2.64 


1.90 


..I 


as  ■>■ 


Discharge  meofmrement  of  Upper  Sacramento  River,  Shasta  Comity^  1  mile  ah 

junction  with  Pitt  River, 


rt 


Date. 

• 

Hydrographer. 

bi^^t. 

rban^ 

1901. 

Sept.  10 

S.  G.  Bennett 

F>et. 

2i: 
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Discharge  nieasurejnents  of  Sacramento  River. 


I>&te. 


Hydruerrapher. 


1902. 
Sept.  22  1  Charles  A.  Miller. 
Do  _ . .  j  S.  G.  Bennett . . . 
Do.     '  Charles  A.  Miller 

Sept.   14  I do_ 


Oaee 
heignt. 


Feet. 


Sei)t.   15  ' do 


Do- 


do 


Sept.   26 


Total 


S.  G.  Bennett 


Dis- 
charge. 


Sec-feet. 
884 

286 
15 

4,455 


Locality. 


Castle  Crags,  Shii^sta  C'ounty. 

Bards  Station,  Shasta  Coiinty. 

Soda    Ci*eek    at    Castle   Crags. 
Shasta  Connty. 

Balls  Ferry,  Tehama  Connty. 


.22 


813  '  Battle  Creek,  near  Balls  Ferry, 
Tehama  Connty. 

27  I  Ditch  from  Battle  Creek,  near 
Balls  Ferry,  Tehama  Connty. 


840 


5,848     Sacramento,Sacramento  Connty. 


SALINAS  RIVER. 


Salinas  River  rises  in  San  Luis  Obispo  County,  flows  in  a  north- 
westerly direction  through  Salinas  Valley,  and  discharges  into  the 
Ba3'  of  Monterey.  The  crest  of  the  Coast  Range,  locally  know?^  as 
the  Santa  Lucia  Mountains,  forms  the  boundary  of  the  watershed  on 
the  south  and  west;  the  crest  of  the  Gabilan  Mountains  and  the 
Mount  Diablo  Range  forms  the  eastern  boundary  of  the  watershed. 
The  total  area  drained  is  4,780  square  miles.  The  principal  tributaries 
of  the  river,  Nacimiento  and  San  Antonio  creeks  and  Arroyo  Seeo,  drain 
the  eastern  slopes  of  the  Santa  Lucia  Mountains.  The  only  important 
stream  entering  from  the  east  is  San  Lorenzo  (-reek,  which  drains  the 
western  slopes  of  the  Mount  Diablo  Range. 

A  reconnaissance  survey  for  reservoir  sites  on  Salinas  River  and 
its  tributaries  was  made  during  the  period  from  May  28  to  August  'M, 
1J>()0,  under  the  direction  of  Prof.  Charles  D.  Marx,  of  Stanford 
I'niversity.  These  studies  were  continue<l  by  Mr.  Homer  Hamlin  dur- 
ing the  years  1901  and  1902,  and  the  results  are  being  prepared  for 
publication. 

A  gaging  station  was  established  on  the  river  January  8,  1900,  by 
I).  A.  Porter.  On  account  of  the  shifting  nature  of  the  channel  dur- 
ing floods,  four  gage  rods  were  set  between  January  8  and  April  2, 
19()C),  and  each  was  referred  to  a  different  datum.  On  June  8,  1900, 
a  peraianent  station  was  established  at  the  county  bridge,  3|  miles 
south  of  Salinas.  The  gage,  whicli  is  vertical,  is  attached  to  one  of 
the  piers  of  the  bridge.  The  bench  mark  is  a  nail  in  the  washer  in 
(he  top  of  a  redwood  post,  13  inches  by  15  inches  in  size,  on  the  north 
hank  of  the  river,  at  an  elevation  of  20  feet  above  gage  datum. 

On  account  of  the  continual  shifting  of  the  stream  bed  and  the 
improbability  of  its  wat^r  being  used  for  either  power  or  irrigation 
purposes,  the  recoi-d  on  this  stream  was  discontinued  August  3,  1901. 
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Discharge  vwasurenwntH  of  SdliiuiH  River,  near  Salinas,  Monterey  Couniff. 


Dat*». 


1900. 

Apr. 

9 

Apr. 

9 

Apr. 

12 

Apr. 

15 

Apr. 

19 

Apr. 

22 

Apr. 

2o 

May 

1 

May 

4 

May 

1 

May 

12 

May 

16 

May 

19 

May 

24 

May 

29 

June 

2 

June 

5 

June 

8 

June 

12 

June 

15 

June 

18 

June 

oo 

June 

26 

June 

30 

July 

3 

July 

16 

Aug. 

1 

Aug. 

18 

Sept. 

1 

Sept. 

26 

Oct. 

23 

Oct. 

26 

Nov. 

14 

Nov. 

16 

Nov. 

19 

Nov. 

20 

Nov. 

21 

Nov. 

oo 

Nov. 

23 

Hydi*o(n>apher. 


Gage 
leifflit. 


heig 


1 

Fee/. 

S.  G.  Bennett 

4.20 

D.  A.  Porter . .  _ 

4.20 

do  ...   

4.15 

do 

4.10 

do 

4.10 

do 

4.25 

do 

4.15 

do 

4.10 

do _.. 

4.10 

1 do 

4.10 

do 

4.10 

do 

4.10 

do 

4.10 

do 

4.1 

do 

4.1 

do 

4.05 

do 

4.05 

.....do. 

4.0 

_. .   -do 

4.05 

do 

4.05 

do : 

4.0 

do 

4.0 

do 

4.0 

do 

3.9 

do 

3.65 

do 

3.70 

do 

3.70 

do 

3. 65 

do 

3. 65 

S.  G.  Bennett 

3. 45 

J.  B.  Lippincott 

3.45 

W.  W.  Cockins,  jr. . . 

do 

3.7 

do    

4.2 

do 

6.7 

do 

5.9 

do 

5.6 

do 

15.6 

do ..... 

9.7 

Dis- 
charge. 


CeiiiHrk!*. 


Sec.'ftet. 

25.51 

26.04 

15.44 

Strong  wind  npstrBam. 

18.10 

Do. 

17.04 

No  wind. 

38.85 

Do. 

18.91 

Strong  wind  upstream. 

18.02 

No  wind. 

16.40 

Do. 

17.50 

Do. 

17.85 

Do. 

17.94 

Light  wind. 

16. 23 

Do. 

17.20 

No  wind. 

17.43 

Do. 

13. 32 

Windy. 

15.29 

No  wind. 

14.05 

Do. 

15.79 

Do. 

15. 32 

Light  wind. 

13.9.J 

Do. 

12.91 

No  wind. 

11.47 

Light  wind  nx«str«iiu. 

10.50 

No  wind. 

9.96 

Fresh  wind  upstream. 

9.56 

No  wind. 

9.83 

Do. 

9.88 

Light  breeze  downstTvaic 

10. 10 

1.7 

No  wind. 

1.7 
1.1 

1  luile  l)elow  sngnr  fai-t*^ 

8.6 

31.6 

2, 056 

829 

743 

33, 600 

Float. 

12,851 

Do. 
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I>ischarge  meiisurevieiits  of  SaJinas  River,  Hear  Salhias,  etc, — Continued. 


I>ate. 


1901. 

Jan.  15 

Jan.  22 

Jan.  24 

Feb.  9 

Feb.  19 

Apr.  12 

Mar.  17 


Hydro^rapher. 

Gase 
height. 

Feet. 

S.  G.  Bennett 

6.8 

5.8 

...do  

W.W.CockinsJr 

5.9 

S.  G.  Bennett 

7.9 
6.05 

4.7 

do 

W.  W.CockinsJr 

.     -do 

5.6 

...do 

5.2 

charge. 


Remarks. 


Mar.    30    do 

Apr.      6    do 


4.9 
4.75 


Sec-feet. 

2,142 

1,338 

1,598 

4,982 

1,561 

342 

1,204 

668 

541 

512 


Estimated  monthly  dincharge  of  Salinas  River  at  a  point  4  miles  south  of 

Salinas,  Monterey  County. 

[Drainage  area,  4,()H4  sqi:are  miles.] 


Discharge  in  second-feet. 


Month. 


Maximum. .  Minimum. 


1900. 
January  8  to  31 
February  .   ... 

March 

April 

May  .  .  -  - 

Jnne -.. 

Jnly 

August   

September  .... 

October 

November 

December 


Mean. 


Total  in  ai-re- 
feet. 


Run-off. 


The  year 


2,700 
223  I 
223  I 
32  t 
19  ' 
17 
10 
8 
8 
4 
33,600 
1,050 

33, 600 


223 

40 

25 

19 

17 

15 

6 

6 

2 

1 

0 

82 

0 


848 

105 

73 

22 

17 

I 

16  . 

8 

I 

0 
o 

2,413 
295 


40,368  I 

5,8iM 

4,489 

1,309 

1 ,  045 

952 

492 

430 

357 

123 

143, 583 

18, 139 


Second- 
feet  per 
square 
mile. 


Depth  in 
inches. 


318  I       217,118 


0.21 
.03  I 
.02 
.01 
.00 
.00 
.00  I 
.00  , 
.CO  ' 
.00 

I 

.59 

.07  I 

.08  i 


0.19 
.03 
.02 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.66 
.08 

.99 
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Estimated  monthly  discharge  of  Salinas  River,  etc. — Continaed. 


Month. 


DiHcharge  in  second-feet. 


Maximum.  *  Minimum.      Mean. 


Run-off. 


Total  in  acre- 
feet. 


S«»<cond-  . 
feet  per    IVpth  : 
nquare       in* -he- 
mile. 


1901. 


January  . 
February 
March  . . . 

April 

May 

June .  - . . 
July 


1 

35,163  1 

1 

380 

4,921 

302,580 

1.21 

1  :i;^ 

20,927 

540  ' 

4,172 

231 , 701 

1.02 

l.tv 

1,773  , 

430 

1,063 

65,361 

.26 

.a- 

405 

160 

270 

16,066 

.07 

.•jt 

2,012 

160 

533 

32, 773 

.13 

•  • 

160 

30 

.56 

3,332 

.01 

.1'.' 

30 

25 

27 

K660 

.01 

r 

Discharge  measurements  of  Salinas  River  at  bridge,  Bradley^  Monterey  Cototy 


Date. 


Hydrographer. 


OAfee  Dss- 

beif^ht.      rfaar^ 


1901. 


Ftrt. 


Feb.  14 1  S.G.Bennett 


1.4.'4 


TRIBUTARIES   OF  SALINAS   RIVER. 


ARROYO  SECO. 


This  stream  rises  on  the  eastern  slope  of  the  Santa  T^iicia  Mountains, 
flows  eastward,  and  empties  into  Salinas  River  at  Sole<lad,  Cal.  A 
gaging  station  was  established  Deceml>er  30,  1900,  by  \V.  \V.  CockiDN 
jr.,  at  Foster's  ranch,  near  Piney,  Cal.  The  high  WHt<*r  of  Jan  nan. 
1901,  enlarged  the  old  channel,  and  the  gaging  station  whs  reino\>; 
to  Pet  tit's  ranch,  4  miles  below. 

The  purpose  of  establishing  these  gaging  stations  was  to  gei  fi* 
maximum  flood  discharge  and  the  amount  of  water  available  f** 
storage. 

The  total  area  of  watershed  di-ained  alwve  Pettit's  ranch  is  -1" 
square  miles. 
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IHscJiarge  mefUfuretnentH  of  Arroyo  Sect),  a  tributary  of  Salinas  River, 


Date. 


1900. 
Jnne  20,  2.30  p.  m 


Hydrograpber. 


D.  A.  Porter 


Jnne  20,3.10  p.m. 


Jnne  21,  8  a:  m 


do 


do 


Jnne  21 ,  3.20  p.  m do 


Jnne  21, 4.55  p.  m. 


do 


1901. 
Feb.  11 .  - S.  G.  Bennett 


Jnly  10-  - Homer  Hamlin 

Sept.  24 

Nov.  6  .  - 


do 

H.E.  Green 


1902. 

Feb.  24 

Feb.  25 

Feb.  26 

Apr.  29 

Jnly  18 

Ang.  7 


S.  G.  Bennett . . 

do 

do 

do 

Homer  Hamlin 
do 


he^t.   'l>i««harge.  .  LocaUty 


Feet. 


8.70 


Mar.  26 W.W.Ox^kinsJr 

Apr.2._- - do 5.8 


5.3 


11.7 
9 

5.75 
5. 08 
4.9 


I 


Sec-feet. 
11.78 


12.42 


10.40 


7.30 


6.14 


535 


162 
105 

23 
7.9 
15 


8.2       «1,720 


07, 883 
«2, 777 
144 
10.4 
2.3 


First  pool  above  en- 
trance of  Santa 
Lucia,  Monterey 
County. 

Between  second  and 
third  pools  above 
entrance  of  Santa 
Lucia,  Monterey 
County,  Cal. 

Road  crossing  of 
stream  between 
Moor's  and  Ab- 
bott*s  houses,  Mon- 
terey County,  Cal. 

200  feet  above  Cur- 
rier's dam  site, 
Monterey  County, 
Cal. 

50  feet  below  head 
gate  Salina  Valley 
Water  Co.  's  Arroyo 
Seco  ditch  No.  2. 
Canal  was  taking 
all  water  of  creek 
on  this  date. 

Point  near  Foster's, 
Monterey  County, 
Cal. 

Do. 

Pettitt's  Ranch, 
Monterey  County, 
Cal. 

Do. 

Do. 

Do. 


a  Float  measurementH. 
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Estimated  vionthly  dincharge  of  Arroyo  SecOy  a  tributary  of  Salinas  /?h>j 

Piney,  Monterey  County. 

[Dndnage  area,  215  aquare  miles.] 


Month. 


1901. 


January  . 
February 
March  ... 

April 

May 


June 

Jnly 

Angnst  ... 
September 
October  ._. 
November. 
December  . 


The  year 

1902. 

January 

February 

March 

April 

May - .   . 

June   

July 

August 

September 

October 

November 

December 


DiBcbarge. 


Maximum.    Minimum.  I    Meiui 


Sec.-feet. 

4,500 

3,860 

610 

2.500 


Sec-feet. 

105 

160 

105 

95 


The  year . . 


40 

2,860 

2,320 

1,650 

105 

55 

15 


7 


3 

55 

750 

145 

2,860 


26 
25 
\B5 
145 
55 
15 

t 

3 

0 

0 

11 

25 


Total  dis- 
charge. 


Sec. 


0 


■feet. 

888 

931 

246 

195 

95 

58 

22 

15 

8 

10 

22 

26 


Acre-feet. 

54,601 

51,705 

15,126 

11,603 

5,841 

3,451 

1,353 

922 

476 

615 

1,309 

1,599 

148,601 


28 
605 
620 
270 

74  I 

32 

I 

12 

4 

0 

9 
57 
54 


1,722 

33,600 

38,122 

16,066 

4,550 

1,904 

738 

246 

0 

553 

3,392 

3,320 


BiiiH>C 


Ptr 

BqoHre 

mile. 

Drf± 

Sec.-feti. 

JvJ^ 

4.18 

V: 

4.33 

V\ 

1.14 

1.". 

.91 

i.i: 

.44 

.27 

.:j 

.10 

> 

.07 

.1^ 

.04 

J. 

.O.") 

* 

.10 

.il 

.12 

.U 

.98      li^ 


.13 

2.81 

1.26 
.34' 
.15 
.06 
.02 
.00 
.04 


.27 


.25 


2> 


.1  -. 


147         104,213  .68 


.  i 

..) 

,  « 
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NACIMIENTO  CREEK. 

■ 

This  stream  drains  the  eastern  slopes  of  the  Santa  Lucia  Mountains 
and  enters  Salinas  River  5  miles  above  Bradley,  Cal.  A  gaging  sta- 
tion, ^was  established  on  this  stream  at  Harris  ranch,  near  Bryson,  Cal., 
by  S.  Gr.  Bennett,  on  February  17,  1901.  The  record  on  this  stream 
WSL&  discontinued  April  30,  1901.  The  total  area  drained  above  the 
«^A^ing  station  is  171  square  miles. 

r>is<*h(irge  measurements  ofNacimiento  Creek,  a  branch  of  Salinas  River,  at  point 

near  Bryson,  Monterey  County. 


r>nte. 


Hydrosrrapher. 


1901. 
Fel>.     17  '  S.G.  Bennett 
Mar.     2o     W.  W.  Cockins,  jr 
Apr.        8    do 


Oaffe 
height. 

Feet. 
6.15 
5.8 
5.8 


Dis- 
charge. 


Sec-feet. 
284 
105 
131 


r>iM<'heirge  jneasuremeyits  of  Nacimiento  Creek,  a  branch  of  Salinas  River,  near 
Netvhall  Ranch  house,  San  Migulito  ranch,  Monterey  County, 


Date. 


1901. 

•Jan.  18 

Feb.  1 3 

June  3 

July  13 


Hydrographer. 


S.  G.  Bennett 

do 

H.  Hamlin  .. 
do 


height. 


Feet. 

6.1 

6.5 

4.82 

4.42 


Dis- 
charge. 


Sec-feet. 

106 

169 

88 

8.8 


Kstimnted  monthly  discharge  of  Nacimiento  Creek,  a  tributary  of  Salinas  River, 

at  Bryson,  Monterey  County. 
[Drainage  area^  171  square  miles.] 


I 


Discharge. 


Month. 


February  17  to  28 

Marcb   

April    .- 


Maximum. 

Sec-feet. 
8,800 
365 
670 


■ 

Minimum. 

Mean. 

Siec-feet. 

Sec-feet. 

295 

855 

110 

184 

87 

99 

Total  dis- 
charge. 


Acre-feet.  .    Sec-feet. 


Run-off. 


Per 

square 

mile. 


30,350 

11,814 

5,891 


5.00 

1.08 

.58 


Depth. 


Inches. 

5.21 

.   1.24 

.65 


lyischctrge  measurements  of  Nacimiento  Creek,  a  tributary  of  Salinas  River,  4 

miles  above  mouth,  San  Luis  Obispo  County, 


Date. 


1901. 


Feb.  15- 


Hydrographer. 

Gage 
height. 

Dis- 
charge. 

S.  Gt.  Bennett 

Feet. 

Sec-feet. 
527 
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BURNETT  CREEK. 


Diacfiarge  measurements  of  Burnett  Creek,  tributary  of  A«ct>«*e«fo  Cre'k. 

branch  of  Salincut  Rit?er,  San  Luis  Obispo  County, 


Date. 


1901. 


Hydrugrapher. 


€ts0e  I>> 


Apr.  4 W.W.  Cockins,  jr 


F^ei, 


Ser  /»rl 


SAN  ANTONIO  CREEK. 

This  stream  drains  the  eastern  slopes  of  the  Santa  Lueia  MoiintaiLs 
and  enters  the  Salinas  River  at  Bradle3%  Cal.  A  gag^ing*  station  v^^ 
established  near  Jolon,  Cal.,  December  15, 1900,  by  W.  W.  Cockinx  jr. 
The  total  area  drained  is  161  square  miles.  The  record  on  thissirvait 
was  discontinued  April  30,  1001. 

Discharge  measurements  of  San  Antonio  Creek,  Salinas  iJiivr,  near  Jolou^  3f  •- 

terey  County. 


DuUi. 


1901. 

Jan.  19 

Feb.  12 

Mar.  18 

Mar.  26 

Apr.  5 

Apr.  18 

July  11 


H/di*ographer. 


Gaee  D> 


frrt.       Sff.f*^- 


S.  G.  Bennett 

do 

W.  W.  Cockins  Jr 

do 

do 

do 

H.Hamlin 


4. 45 

l?c» 

4.8 

24:» 

4.5 

U^ 

4.3 

T6 

4.3 

Tfi 

4.1 

5y 

Discharge  measurement  of  San  Antonio  Creek,  Salinas  Riv>er^  L^os  Ojitos  A^ 

site,  Monterey  County. 


Date. 


Hydrographer. 


Gkuee    "     D> 


1901. 
Apr.    17     J .  B.  Lippincott 


Fret.       Sr^'  •- 


Discharge  measurement  of  San  Antonio  Creek,  Salinas  /Juvfr,  I^inkerton  J' 

site,  Monterey  County. 


Date. 


Hyilrographer. 


1901.     ' 
Apr.    17     J.  B.  Lippincott 


pyeet       :?«  '- 
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Estimated  immthly  dinc}mrge  of  San  Antonio  Creek,  a  tributary  of  Salinas  River, 

at  Jolon,  Monterey  County, 

[Draino^  area,  161  square  miles.] 


Month. 


1900. 
December  15  to  28  . 

1901. 

Jaunary - 

February 

March 

April   


Discharge. 


Run-off. 


Maximum.     Minimum.      Mean.    | 


Total  dif»- 
chargre. 


Sec.-feft. 
200 


3,700 

1,700 

400 

740 


Sec-feet,    i  Sec-feet. 


170  , 


•184 


Per      I 
square       Depth, 
mile. 


Acre-feet.       Sec-feet.     Inches 
5,109  1.14  I         0.59 


64 

528 

32, 158 

3. 25 

3.75 

110 

509 

28,208 

3.17 

3.31 

84 

171 

10,514 

1.06 

1.22 

39 

88 

4, 939 

.52 

.58 

SAN    LORKNZO  CRKKK. 

This  stream  drains  the  western  slopes  of  the  Gavilan  Mountains 
an<l  enters  the  Salinas  River  near  Kings  C-ity,  Cal.  There  is  a  reser- 
voir and  dam  site  on  the  stream  5  miles  above  its  mouth.  The  stream 
is  entirely  dry  during  the  summer  months.  The  flood  waters  are  used 
for  winter  irrigation.  A  gaging  station  was  established  December  10, 
10(K),  by  W.  W.  Coekins,  jr.,  at  Ilollenbeck's  rancli,  a  quarter  of  a 
mile  below  the  dam  site. 

The  area  of  the  watershed  drained  is  2^55  square  miles. 

Discharge  meatnirementH  of  San  Lorenzo  Creek, Salinatt  Kivi*r^at  dam  site,  f*  miles 

above  King  City,  Monterey  County. 


Datt*. 

1901. 
Jan.     22 

Feb.  14 

Mar.  27 

Apr.  1 

Apr.  15 

Nov.  2 

1902. 
Jan.    24 
Feb.    24 
Apr.    30 
July    16 


Hydro^rapher. 


Ga^c  Di»- 

height.      chartce. 


L<N-aIity. 


S.  G.  Bennett 


do -..  5.3 

W.  W.  Cockins,  jr 4. 3 

do 4.2 

do 4.1 


Feet.      '  Sec -feet. 

4.98       28.7     t  Near      Hollenbeok 

house. 

71.2  ,  Do. 

12.6  Do. 

5. 1  I  Do. 

2. 1  '  Do. 


ranch 


H.  E.  Green 


S.  G.  Bennett . . 

do. 

do 

Homer  Hamlin 


.9 

.9 

1.09 

.9 


2. 8       Near  Mathews  ranch  house. 


4.6 

43.0 

1.8 

.08 


Do. 
Do. 
Do. 
Do. 
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Estimated  monthly  diiwharge  of  San  Lorenzo  Creek,  a  tributary  of  Salinas  Rt^^ 

at  King  City,  Monterey  County, 
[Drainage  area,  235  square  miles.] 


Month. 


Discharge. 


Maximnm.    Minimum.      Mean. 


Total, 
discharge. 


Per 


square 
mUe. 


RoB-off. 


1900. 
December  16  to  81 


1901. 


January  _ 
Febmary 
March  . . . 
April 


Sec-feet, 
18 

2,540 
9,200 


27 


Sec-feet.      Sec-feet.      Acre-feet.      See.-fert.     ?wi'. 


9 

9 
9 
9 


13 


9 

171 

725 

17 

8 


286  I      0.04 


10,514 

40,264 

1,045 

476 


.73 

3.09 

.07 

M 


Estimated  monthly  discharge  of  San  Lorenzo  Creek  at  King  City. 

[Drainagre  area,  Sfi  square  miles.] 


Discharge. 


Month. 


Maximum.     Minimum.  I    Mean. 


Total  dis- 
charge. 


Bno-olT 

Per 
square     l^V 
mile. 


1902. 

January 

Febmary 

March 

April  .  _ 

November 

December 


Sec-feet. 
15 


Sec-feet. 


795 

875 


5 


200 
15 


»/. 

Sec-feet. 

5 

« 

5 

60 

5 

81 

3 

4 

15 

sn 

5 


Acre-fret. 

869 
3,832 
4,980 

238 
5,057 

430 


.^ec-fff1.    />''* 
.03 

.29         ^' 
.34 

.02  '- 

.36  - 

.03 


SALT  SPRING  VALLEY. 

Estimated  setmonni  discharge  into  Salt  Spring  Valley  resen\)ir  near  Afi/fon, ' 

averas  County ^  Cal.f^ 
[Drainage  area,  25  square  miles.] 


Yt'Rr 


1889-90 

1890-91 

1891-92 

1892-93 

1893-94 

1894-95 

1895-96 

Mean 


Mean  dis- 
charge. 

Total  for 
year. 

Ruuh 

Per  square  1 
mile. 

Sec-feet. 

oflF. 

Depth. 

1 
Rainfall    Rn 

Sec-feet. 

Acre-feet. 

IncheM. 

htchef     P" 

36.7 

26,606 

1.47 

19.95 

30.:}^ 

6.3 

4, 591 

.25 

3.39 

13.0<5 

1            4.9 

3,560 

.20 

2.71 

16.98 

30.8 

22,311 

1.23  ] 

16.69 

26.46 

22.5 

16, 323 

.90 

12.21 

25.37 

35.4 

25,664 

1.42 

19.27 

32. 31 

8.5 
20.7 

6,221 
15,099 

.34! 

1 

4.61 

23.98 

.83  '. 

1 

11.26 

24.  ft"? 

o  Evaporation  not  cjnsidered  In  this  table. 
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SAN  ANTONIO  CREEK. 

Tlie  discharge  of  the  streams  of  southern  California  was  unusually 
low^  in  September,  1898,  and  these  measurements  were  made  by  the 
Kclison  Electric  Company  to  determine  the  minimum  with  its  hourly 
fluctuation. 

l>isK''hctrge  mecusurements  of  San  Antonio  Creeks  at  Water  Company's  weir,  San 

Bernardino  County. 

[Measurements  by  Edison  Electric  Co.] 


Date. 


September  15,  1808: 

7  a.  m 

7.30  a.  m 

8  a.  m - 

8.30  a-  m._ 

9  a-  m - 

9-30  a-  m 

10  a.  m 

10.30  a.  m... 

11  a.  m 

11-30  a.  m 

12  m  --* 

12.30  p.  m 

1  p.  m 

1.30  p.  m 

2  p.  m- 

2.30  p.  m 

3  p.  ra--   

3.30  p.  m 

4  p.  m-- 

4.30  p-  m-- 

5  p.  m 

5.30  p.  m 

6  p-  m_ 

6.30  p.  m 

12-lioiir  mean 

5epteml>er  15,  1898: 

7  p.  m- 

7-30  p.  m 

8  p-  m 

8.30  p.  m- 

IRK  81—03 U 


Dis- 
charge. 


Scc.-feet. 
5.60 
5.60 
5.60 
.5.60 
5.58 
5.58 
5.58 
5.44 
5.32 
5.82 
5.32 
5.32 
5.06 
5.06 
5.06 
5.06 
4.94 
4.94 
4.94 
4.80 
4.80 
4.80 
4.92 
5.06 


Date. 


l| 


ll 


September  15,  1898— Cont'd. 

9p.  m 

9.30  p.  m 

10  p.  m _ 

10.30  p.  m 

11  p.  m _ 

11.30  p.  m_ _ 

12  midnight 

September  16,  1898: 

12.30  a.  m 

1  a.  m 

1.30  a.  m 

2  a.  m 

2.30  a.  m 

3  a.  m 

3.30  a.  m 

4  a.  m 

4.30  a.m 

5  a.  m _ 

5.30  a.  m 

6  a.  m 

6.30  a.  m 


5.22 


5.06 
5.06 
5.06 
5.44 


12-hoiir  mean 

September  16, 1898: 

7  a.  m ! 

7.30  a.  m 

8a.  m 

8.30  a.  m 

9  a.  m 

9.30  a.  m 

10  a.  m 


Dis- 
charge. 


Sec. 


-feet, 

5.44 
5.60 
5.60 
5.60 
5.60 
5.70 
5.70 

5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.70 
5.60 
5.60 


5.57 


5.60 
5.60 
5.60 
5.60 
5.60 
5.60 
5.44 
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l>iHcharge  meamirementa  of  San  Antonio  Creek^  etc. — Continued. 


D»to. 


DlA- 

charge. 


September  16,  1898— Cont'd. 

10.30  a.  m 

11  a.  m 

11.80  a.  m 

12m 

12. 80  p.  m 

1  p.  m.- 

1.80p.m 

2  p.  m 

2.80  p.  m  - 

8  p.  m.. _.. 

8.80  p.  m. 

4p.  m 

4.30  p.  m 

5  p.  m 

5.30  p.  m 

6  p.  m_ 

6.30  p.m 


Date. 


charff 


12-hour  mean. 

September  16,  1898: 

7  p.m.. 

7.30  p.m 

8  p.m 

8.30  p.m 


5.16 


September  16,  1898— Cont'd. 

9  p.m 

9.30  p.m 

10  p.m 

10.80  p.m 

11  p.m 

11.80  p.m 

18  midnight 

September  17, 1898: 

12.80  a.  m 

1  a.m _. 

1.80 a.m  __ 

2  a.m 

2.80  a.m __. 

8  a.m 

8.30  a.m 

4  a.m 

4.30  a.m 

5a.m  _ 

5.30  a.m 

6  a.m 

6.30  a.m 

12-honr  mean 


.Vr.. 


0/ 


1  '• 


..  '« 


ill 


Discharge  measurements  of  San  Antonio  Creek,  San  Bernardino  ('oa^rt. 


Date. 


July  23,  1896 
July  2,  1898  . 


Hydroflrrapher. 


Difl-      I 
charge. 


Localitr. 


J.  H.  Qulnton. 
F.  H.  Olmsted. 


Aug.  26,  1898- do 

Aug.  25,  1899.1  S.  G.  Bennett 


July  11,1900 
Sept.  25,  1900 
April  8, 1902. 
July  28,  1896 
July  2, 1898  . 


- 1 


do 

W.  W.  Cockins,  jr. 

S.  G.  Bennett 

J.  H.  Quinton 

F.  H.  Olmsted 


Sec-feet 
7.9 
6.59 
5.18 
4.48 
4.07 
8.72 
11.40 


Mouth  of  canyon. 

Do. 
Division  -v^eir. 
Mouth  of  canyon. 

Do. 
Division  -weir. 
Do. 

1. 88     Ontario  "water  from  tniin^'- 
8. 86  ;  In  creek  at  Pierce's  cami . 
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*  Tlie  water  of  San  Antonio  Creek  is  utilized  to  a  large  extent.  The 
/*a,eific  Electric  Light  and  Power  Company,  commonly  called  the  San 
i^abriel  Electric  Company,  has  a  power  plant  in  the  canyon  at  an 
^lev»tion  of  3,250  feet.  The  water  from  the  tail  race  of  this  power 
lonse  passes  over  a  measuring  weir  and  is  discharged  into  the  pipe 
ine  of  the  San  Antonio  Water  Company's  power  plant.  It  is  carried 
n  til  is  conduit  on  the  right  bank  of  the  canyon  to  a  point  opposite 
lie  old  division  weir  between  the  San  Antonio  Water  Company  and 
he  Pomona  Land  and  Water  Company,  from  which  point  it  is  dis- 
rliari^ed  through  the  power  house  of  the  San  Antonio  Water  Company, 
rhe  jxirtion  of  the  water  which  goes  to  the  San  Antonio  Water  Com- 
>any  is  again  diverted  through  a  pipe  line  and  used  at  a  third  power 
louse,  at  an  elevation  of  about  1,900  feet,  near  the  left  bank  of  the 
raiiyon.  In  addition  there  is  a  tunnel  in  the  mouth  of  the  canyon  run 
li rough  the  bowlders  and  gravels  of  the  river  bed  to  bed  rock,  up  to 
iiiii  near  the  old  division  box  mentioned  above.  This  tunnel  water 
o^ether  with  all  other  water  after  it  has  been  used  for  power  is  used 
x>r  irrigation  near  Ontario  and  Pomona. 

The  second  power  plant  on  the  river  was  constructed  by  the  San 
Antonio  Water  Company  during  the  year  1902,  and  before  the  water 
va4s  diverted  into  the  conduits  of  this  corporation  a  board  of  engineers 
va«  appointed  by  the  San  Antonio  Water  Company  to  make  measure- 
nents  of  the  water  in  various  portions  of  the  canyon  in  order  to 
let  ermine  what  effect,  if  any,  would  result  from  the  diversion  of  the 
it  ream  which  they  contemplated  from  the  upper  power  house  of  the 
>aii  Gabriel  Electric  Company  to  the  old  division  box.  Tiiis  board 
>f  engineers  consisted  of  W.  H.  Saunders,  chief  engineer,  F.  E.  Trask, 
>amuel  Storrow,  and  J.  B.  Lippincott,  consulting  engineer.  Suitable 
veirs  were  erected,  and  automatic  river- height-recording  devices  were 
nstalled  on  most  of  these  weirs.  The  San  Gabriel  Electric  Company's 
>ower- house  weir  was  located  in  the  tailrace  of  the  power  house,  and 
neasured  the  main  volume  of  water  in  the  river  at  that  point.  The 
'  Fountain  of  Life  "  spring  is  a  small  steady  flow  of  water  issuing  from 
I  spring  near  the  San  Gabriel  Electric  Company's  power  house,  but 
he  water  is  not  included  in  that  measured  in  the  power-house  weir. 
V  small  amount  of  water  was  flowing  in  the  bed  of  the  stream  oppo- 
;ite  the  San  Gabriel  Electric  Company's  power  house,  and  was  not 
ncluded  in  either  the  power-house  weir  or  the  "Fountain  of  Life" 
»X>ring  measurements. 

The  Spring  Hill  weir  was  located  in  the  main  river  below  the  San 
Gabriel  Electric  Company's  power  house  and  measured  total  flow. 

The  **  Baby  Ruth"  weir  was  also  in  the  main  stream  below  the  San 
jabriel  Electric  Company's  powerhouse,  and  above  the  division  weir, 
ind  measured  the  full  stream. 

The  division  weir  was  located  in  the  main  stream  opposite  the 
>ower  house  of  the  San  Antonio  Water  Company.     At  this  point  the 
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water  is  divided  between  the  San  Antonio  Water  Company  and  iL- 
Pomona  Land  and  Water  Company,  but  before  the  division  oeeuR^i 
cert>ain  amount  of  water,  known  as  gird  wat<er,  is  taken  out  of  \y 
stream  and  not  included  in  the  measurement  of  the  main  di visit ii 
weir. 

The  water  measured  in  the  San  Antonio  tunnel  is  picked  up fnns 
the  sands  and  gravels  of  the  river  bed  below  all  the  above-mentir)!.*-: 
points  of  measurements,  and  this  water  is  not  included  in  anjoth-' 
measurement. 

All  these  measurements  were  made  prior  to  the  time  when  thedivt^ 
sion  occurred  through  the  new  pipe  line  and  power  plant  of  the  Nii: 
Antonio  Water  Company. 

All  these  measurements  were  made  for  the  San  Antonio  Wak* 
Company  by  the  engineers  in  question.  They  were  supplemented  Ik 
further  continuous  records  obtained  from  the  automatic  regi«t«^r>: 
but  these  records  are  not  now  available  for  publication. 

.     Discharge  tnecufurements  of  San  Antonio  Creek. 


Date. 

1902. 

Jmie28  ._ 

July  12, 11.40  a.m. 
July  12,  1.18  p.  m  . 
Aug.  2,  11.15  a.  in  . 

Aug.  9, 11  a.  m 

Aug.  9,  1.12  p.  m  - . 
Aug.  29,  11.45  a.  m 
Sept.  29,  12.30  p.  m 
Oct.  18, 12.80  p.  m  . 


June  28 
Do- 


July  12,  10.58  a.  m 
Do 


July  12,  2.40  p.  m 
Do 


Hydrogapher. 


J.  B.  Lippincott 
do 


do 
do 
do 
do 
do 
do 
do 

do 
do 


do 
do 


do 
do 


Dis- 
charge. 


Sec-feet. 

7.69 
6.88 
6.58 
6.15 
6.15 
5.99 
5.61 
4.88 
4.74 

6.56 


6.98 


5.76 
.35 


6.11 


5.20 
.35 

5.65 


Locality. 


Baby  Rnth  weir. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Division  inreir. 


.  42     Gird  water. 


Total. 

Division  -weir. 
Gird  water. 

Total. 

Division 
Gird  water. 

Total. 
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Discharge  meaaurements  of  San  Antonio  Creek — Continued. 


Date. 


1902. 
Lxig.  2,  10.30  a.  m 
I>o    


ing.  2,  2.30  p.  m 
Do 


Hydrographer. 


J.  B.  Lippincott. 
do 


ixkg,  9,  10.18  a.  m 
Do 


do 
do 


do 
do 


^ug.  9,  2.40  p  m 
Do .. 


do 
do 


\Mg   29.  10.55  a.  m 
Do- -  . 


-do 
.do 


^ug.  29,  2.27  p.  m 
Do- 


do 
do 


tept.  27,  10.30  a.  m do 

Do- do 


tept.  27,  2.15  p.  m 
Do- 


)ct.  18, 10.55a.m 
Do 


rime28 


..do 
._do 


do 
do 


do 


do 


fnly  12, 12.15  p.m 

Lng.  2,  12.05 p.m 1 do 


Dia^ 
charge. 


Sec-feet. 
4.83 
.36 


5.19 


4.35 
.36 


4.71 


4.76 
.35 


5.11 


4.18 
.35 


4.53 


4.26 

.38 


4.64 


Locality. 


3.55 

.38 


Division  weir. 
Gird  water. 

Total. 

Ditision  weir. 
Gird  water. 

Total. 

Division  weir. 
Gird  water. 

Total. 

Division  weir. 
Gird  water. 

Total. 

Division  weir. 
Gird  water. 

Total. 

Division  weir. 
Gird  water. 


3. 93     Total. 


4.00 
.33 


4.33 

3.57 
.33 

3.90 

3.98 
.38 

4.36 

.34 

.34 
.30 

Division  weir. 
Gird  water. 

Total. 

Division  weir. 
Gird  water. 

Total. 

Division  weir. 
Gird  water. 

Total. 

Fonntain  of  Life  spring- 
weir  measurement. 

Do. 

Do. 
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IHsteharge  measuremetits  of  San  Antcmio  Creek — Contmtied. 


Date. 


1902. 
Aug.  9,  11.42  a.m  . 

Aug.  29,  12.20  p.  m 
Sept.  27,  11.33a.m. 

Oct.  18,  12m 

June  28 


July  12, 10.36  a.  m 
Aug.  2, 10.10  a.  m 

Ang.  9,  10  a.  m 

Aug.  30, 10.30  a.m 
Sept.  27, 10.12  a.m 
Jmie28 .._. 


Hydrographer. 


J.  B.  Lippincott. . 

do  _ 

do 

do 

do _. 


do 
do 
do 
do 
do 
do 


July  12,  12.20  p.m... do 

Aug.  2,  12  m do 

Aug.  9,  11.48  a.m do 

Aug.  29,  12.30  p.m ..do 

Sept.  27,  11.37  a.  m do 

Oct.  13,  11.38  a.  m do 

June  28  .   ,  .do 


July  12,  12.33  p.  m .do 

Aug.  2,  12.10  p.  m do 

Aug.  9,  12.11  p.  m ...do 

Aug.  29,  12.40  p.  m do 

Sept.  27,  12m ] do 

Oct.  18,  12m.. I do 

Aug.  2,  11.45  a.  m ..I do 


Aug.  9,  11.22  a.  m  . 

Aug.  9,  1  p.  m 

Aug.  29,  12.07  p.  m 
Aug.  29,  12.10  p.  m 
Sept.  27,  12.05  p.  m 
Oct.  18,  12.12  p.  m. 


do 
do 
do 
do 
do 
do 


Di»- 
chargre. 


L<xmlity. 


Sec-feet. 
0.32 


Fountain  of  Life  spring- 
weir  measurement. 


.29 

Do. 

.29 

Do. 

.30 

Tky. 

1.38 

San  Antonio  tunnel— weir 
measurement. 

1.27 

Do. 

1.19 

Do. 

1.17 

Do. 

1.15 

Do. 

1.12 

Do. 

7.40 

San  Gabriel  Electric  Com- 
pany's power  hoojt— 
concrete  weir  baem- 
weir  measurement. 

6.10 

Do. 

5. 59 

Do. 

5.67 

Do. 

4.59 

Do. 

4.64 

Do. 

4.31 

Do. 

San  Gabriel  Electric  Ccci- 

.47 

.40 

.40 

.35 

.36 

.39 

6.31 

6.36 

5.88 

5.59 

5. 40 

5.28 

5.01 


pany's  power  hon*- 
weir  measurement  a 
creek. 

Do. 

Do. 

Do. 

Do, 

Do. 

Do. 

Spring  HUl  weir. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
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SAN  BERNARDINO  VALLEY. 

ischarge  measurements  of  San  Bernardino  Valley,  between  Saji  Bernardino 

and  Riverside. 


Date. 


Line,  1898 

?pt^ml)er,  1898  . . . 

[arch,  1899 

ane,  1899 

.n^nst,  1899 

[arch,  1900. 

une,  1900 

pi>teml)er,  1900 

k!tober7,  1902 

une,  1898 

ei>tember,  1898  .... 

larch,  1899 

une,  1899 

lugTist,  1899 

larch,  1900.. 

une,  1900 

September,  1900 

)ctol>er  13,  1902.... 

rune,  1898 

September,  1898  .... 

Harch,  1899 

rune,  1899 

^.ugust,  1899 

tfarch,  1900 

Fnne,  1900 

3epteml)er,  1900  .... 

Xtober  7,  1902 

Fune,  1898 

September,  1898 

March,  1899 

hine,  1899 

A^ugust,  1899 

March,  1900 

June,  1900 

September,  1900  .... 

Dctober  7,  1902 

June,  1898- 

September,  1898  .... 


Dis- 
charge. 


Sec.-frft. 
0.61 
1.20 

2.18 

1.03 

1.02 

2. 55 

2.60 

1.67 

1.70 

.67 

.65 

.72 

.52 

.40 

.68 

.50 

.33 


Ait 


5.26 
5.49 
.00 
5.93 
3.05 
3.80 
3.68 
3.28 
2.28 
6.82 
7.40 
3.20 
5.49 
3.89 
4.94 
3.21 
3.54 
3.53 
1.97 
1.61 


Jjocality. 


Developed  water,  Camp  Carlton  ditch. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Beams  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Bloomington  flnme,  developed  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
City  of  Col  ton  ditch,  developed  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Colton  Terrace  Water  Co. ,  developed  water. 

Do. 
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Discharge  measurements  of  San  Bernardino  Valley,  etc, — Contxniied. 


Date. 

Dis^ 
charge. 

Hec.-feet. 

Ix»cality. 

March,  1899  _ 

1.69 

Colton  Terrace  Water  Co. ,  developed  crater. 

Jnne.  1899 

1.30 
1.30 

Do. 

August,  1899 

Do. 

March,  1900 

1.69 

Do. 

June,  1900. 

1.54 
1.53 

Do. 

September,  1900 

Do. 

October?,  1902 

1.08 

Do. 

June,  1898 

.63 

Daley  ditch,  natural  water. 

^^      vf^K^Bi^P  ^fc^  ■         mm   ^^  ^^   ^"^     i^      ^      ^      ^      ^      ^       ^      ^      ^      ^ 

September,  1898 

.67 

Do. 

March,  1899 

.71 

Do. 

June,  1899 

.51 
.51 

Do. 

August,  1899 

Do. 

March,  1900 

.72 

Do. 

June,  1900--- 

1.12 
.54 

Do. 

^^      ^i^fl*.^  ^h^   ■          ^^    ^^     ^^    ^^     ^B      ^      ^B      ^      ^      ^      a^      ^      ^      ^ 

September,  1900 

Do. 

October  13, 1902..-. 

.00 

Do. 

June,  1898 

4.40 

East  Riverside  district,  or  Riverside  HiglilazKL- 

^^     ^i^^fl*.^  ^m^  ■      ^^  ^^   ^^   ^B*        ^     ^     ^     ^      ^     ^      ^     ^     ^     ^ 

Water  Co. ,  developed  water. 

September,  1898 

4.43 

Do. 

March,  1899 

4.25 

Do. 

June,  1899 

2.08 

Do. 

August,"l899 

2.00 

Do. 

March, 1900 

6.59 

Do. 

June,  1900 

5.38 
3.70 

Do. 

September,  1900 

Do. 

June.  1898 

1.16 

Gage  canal,  Santa  Ana  River,  natural  water. 

September,  1898  .... 

1.16 

Do. 

March,  1899 

.72 

Do. 

June,  1899 

.24 

Do. 

August,  1899 

.64 

Do. 

March,  1900 

.395 

Do. 

June,  1900 

.29 

Do. 

September,  1900 

.17 

Do. 

October7,1902 

.00 

Do. 

June,  1898 

26.26 

Gage  canal.  Palm  avenue  weir,  developed  w»tiff 
Do. 

September,  1898 

25.07 

March,  1899 

26.68 

Do. 

June,  1899 

25.22 

Do. 

August,  1899 

23.47 

Do. 

March,1900 

21.96 

Do. 

June,  1900 

22.23 

Do. 

LlPPIKCOTT-1 


BAN    BERNARDINO   VALLEY. 


217 


IHjicharge  mecuurements  of  San  Bernardino  Valley^  e/c— Coutintied. 


Date. 


September,  1900  ... 
October  11, 1902..., 

June,  1898 

September,  1898  ... 

March. 1899 

Jniie.1899 

August,  1899 

March,  1900 

June,  1900 

September,  1900  ... 
September  30,1902. 

June,  1898 

September,  1898  .. 

March,  1899 

June,1899 

August.  1899 

March.  1900 

June,  1900  ._ 

September,  1900  . . 
October  13, 1902  .. 

June,1898 

September,  1898  . . 

March,  1899 

June,1899 

August,  1899 

March,  1900 

June.  1900 

September,  1900  .. 
October  7, 1902  .... 

June,  1898 

September,  1898  . . . 

March,  1899 

June,1899 

August,  1899 

March,  1900 

June,  1900 

September,  1900  ... 
September  30, 1902 


Sec  'feet. 

27.  a5 

30.17 

.84 

.00 

.28 

.00 

.00 

.00 

.00 

.00 

.00 

.72 

.63 

1.61 

1.15 

.54 

1.26 

.49 

.20 

.00 

.37 

.038 

.82 

.15 

.00 

.14 

.01 

.00 

.00 

2.54 

2.08 

9.40 

3.86 

2.00 

2.30 

1.57 

1.69 

.00 


Locality. 


June,1898 8.42 

September,  1898  ....     17. 00 


Gage  canal.  Palm  avenue  weir,  developed  water. 

Do. 
Haws  and  Talmadge  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Logsdon  and  Farrell  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Mclntyre  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
McKenzie  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Meeks  and  Daley  ditch,  natural  water. 

Do. 
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IHscharge  viecuntrenientH  of  San  Bernardino  Valley^  etc. — Continned. 


Dat 


<•. 


I 


March,  1899 

June,  1899 

August,  1899 

March,  1900 

June,  1900 

September,  1900  ... 
September  30, 1903. 

June,  1898. 

September,  1898  . . . 

March,  1899 

June,  1899 

August,  1899 

March,  1900 

June,  1900 

September,  1900  ... 
Septeml)eraO,  1902. 
June,  1898    ...     ... 

September,  1898  ... 

March,  1899 

June,  1^99 

August,  1899 

March,  1900 

June,1900 _.. 

Septeml)er.  1900  ... 
Septeml)er  liO,  1902. 

Jime.l89H 

September,  1898  ... 

March,  1899 

June,  1899 

August,  1899 1 

March,  1900 ' 

June,1900. i 

September,  1900  ....' 

Do 

June,  1898.    .  \ 

September,  1898 

March,  1899 

June,  1899 • 

August,  1899 .' 

March,  1900 i 


Dis- 
charge. 


Sec.  feet. 
17.00 
15.48 
10.45 
13. 94 
13.78 
14.68 
13.40 
1.94 
2.04 
.00 
1.77 
1.67 
.00 
1.88 
1.52 
1.20 
5. 37 
3.07 
2.26 
1.54 
.94 
.54 
.35  I 
.07  I 
.00  I 
1.75 
1.64  ' 
1.64  I 
1.00  I 
.41  I 
.24  1 


.55 


1.33 

.80  ] 
3.12  I 
3.36  I 
5.30  ' 


Locality. 


7.29 


2.56  , 
2.67  ' 


Meeks  and  Daley  ditch,  natural  v.*ater. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Mill  pump,  developed  water. 

Do. 
Not  running. 
Mill  pump,  developed  water. 

Do. 
Kot  running. 
Mill  pump,  developed  water. 

Do. 

Do. 
Rabel  dam  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ranchero  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ranchero  ditch,  developed  water. 
Riverside  Water  Company,  natnral  water. 

Do. 

Do. 

Do. 

Do. 

Do. 
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Discharge  measurements  of  San  Bernardino  Valley  ^  etc, — Continued. 


Date. 


Dis- 
charge. 


fune,  1900. 

k?ptember,  1900  .. 
September  80, 1902 

Fune.  1898 

September,  1898  . . 

tfarch,  1899 

Fnne,  1899 

August,  1899 

tfarcb,  1900 

riine,1900 

September,  1900  _. 
September  30, 1902 

Fnne,  1898 

September,  1898  . . 

tfarch,  1899 

fnne,  1899 

\ngufit,  1899 

Vlarch,  1900 

June, 1900 

September,  1900.. 
October  14,  1902  _. 
Tune,  1898 

Do_ 

September,  1898... 

Do 

March,  1899 

Do -- 

June,  1899 

August,  1899 . 

March,  1900 

Do 

June. 1900 

Do 

September,  1900.. 
October  14,  1902.. 

Do 

June,  1898 

September,  1898  _ . . 

March,  1899 

June,  1899 


Sec-feet. 

2.17 

.94 

.50 

2.30 

2.08 

2.23 

1.13 

.90 

.507 

.40 

.16 

.00 

1.00 

1.02 

.85 


.  1 1 


.69 
.70 
.89 
.86 
.93 
1.60 


70 


1.60 
.72 

1.60 

1.49 
.615 

1.56 

1.60 
.95 

1.60 
.10 
.53 
.30 

1.58 
.26 
.01 
.76 
.246 


Locality. 


Riverside  Water  Company,  natural  water. 

Do. 

D<^. 
Shay  or  Stout  dam  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Swamp  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ward  and  Warren  ditch,  developed  water. 
Ward  and  Warren  ditch,  natural  water. 
Ward  and  Warren  ditch,  developed  water. 
Ward  and  Warren  ditch,  natural  water. 
Ward  and  Warren  ditch,  developed  water. 
Ward  and  Warren  ditch,  natural  water. 
Ward  and  Warren  ditch,  developed  water. 

Do. 

Do. 
Ward  and  Warren  ditch,  natural  water. 
Ward  and  Warren  ditch,  developed  water. 
Ward  and  Warren  ditch,  natural  water. 
Ward  and  Warren  ditch,  developed  water. 

Do. 
Ward  and  Warren  ditch,  natural  water. 
Whiting  ditch,  natural  water. 

Do. 

Do. 

Do. 
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Discharge  mecumrements  of  San  Bernardino  Valley,  etc, — Contmned. 


'jo«: 


Date. 

Dla- 
charge. 

Looa.ity. 

August,  1899 

March,  1900 

June,  1900 

Sec.'feei. 
0.01 
1.12 
.18 
.00 
.00 
.34 
.88 
.47 
.28 
.09 
.28 
.00 
.00 
.00 

Whiting  ditch,  natural  water. 

Do. 

Do. 

Do. 

Do. 
Whitlock  ditch,  natnral  water. 

Do, 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

September,  1900 

October  18,  1902-..- 
June,  1898 

September,  1898 .... 

March,  1899 

June,  1899 

August,  1899 

March,  1900 

June.  1900- - 

September,  1900 

October  18,  1902.... 

Lint  of  discharge  me 

a;giiremefn 

ts  of  San  Bernardino  VaJley  between  San  Btnc- 
dino  and  Colton, 

Date. 

Dis- 
charge. 

Remarks. 

June,  1898 

Sec-feet. 
18.00 
41.04 
17.54 
48.80 
18.04 
42.49 
17.50 
36.42 
27.50 
24.54 
24.54 
87.40 
82.86 
20.58 
27.00  < 
34.02 
26.08 
21.89 

Riverside  Water  Co. ,  upper  canal,  developed  w»M. 
Riverside  Water  Co.,  upper  canal,  natural  ▼atw. 
Riverside  Water  Co. ,  upper  canal,  developed  water 
Riverside  Water  Co.,  upper  canal,  natural  wsitf 
Riverside  Water  Co. ,  upper  canal,  developed  ^trr 
Riverside  Water  Co.,  upper  canal,  natural  w»w 
Riverside  Water  Co. ,  upper  canal,  developed  wat?: 
Riverside  Water  Co.,  upper  canal,  natural  «tri 
Riverside  Water  Co. ,  upper  canal,  developed  vat^r 
Riverside  Water  Co.,  upper  canal,  natural  water 
Riverside  Water  Co. ,  upper  canal,  developed  watff 
Riverside  Water  Co.,  upper  canal,  natural  ▼a^'"- 
Riverside  Water  Co. ,  upper  canal,  developed  watff 
Riverside  Water  Co.,  upper  canal,  natnral  wati^ 
Riverside  Water  Co. ,  upper  canal,  developed  watci 
Riverside  Water  Co.,  upper  canal,  natural  watr. 
Riverside  Water  Co. ,  upper  canal,  developed  water 
Riverside  Water  Co.,  upper  canal,  natural  wat«? 

Do 

September,  1898 

Do 

March,  1899 

Do 

June,  1899 

Do. 

August,  1899 

Do 

March,  1900 

Do._ 

June,  1900 

Do 

September,  1900 

Do 

September  80,  1902  . 
Do 
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Discharge  measurements  of  return  waters  below  Slover  Mountain,  above  Riverside 
Narrows,  San  Bernardino  Valley,  betioeen  San  Bernardino  and  Riverside, 


I>ate. 


1903. 
September  29. 
O<rtober  11... 
Do 


Do 


September  29. 


Do 
Do 

Do 

Do 

Do 


October  10  . 
Total 


Dis- 
chaiige. 


Sec. -feet. 
5.94 
4.88 
2.95 

2.08 

8.07 

7.19 
2.17 

.53 

5.85 

1.96 

43.25 


Remarks. 


West  Riverside  pmuping  plant,  developed  water. 

Rogers  pumping  plant,  developed  water. 

Riverside  Water  Co.,  pumping  plant  No.  1,  Santa 
Ana  River  flume,  developed  water. 

Riverside  Water  Co.,  pumping  plant  No.  2,  Santa 
Ana  River  flume,  developed  water. 

Riverside  Water  Co.,  flume  head  of  lower  canal, 
natural  water. 

Roubidouz  Canal,  natural  water. 

Evans  ditch  at  north  line  Riverside  County  line, 
natural  water. 

Evans  ditch  1  mile  south  Riverside  County  line, 
natural  water. 

Evans  Island  ditch,  west  end  of  West  Riverside 
bridge,  natural  water. 

Alvetriz  ditch  at  east  end  West  Riverside  bridge, 
natural  water. 

Santa  Ana  River  at  Riverside  Narrows. 
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Comparative  anuninta  of  water,  in  second-feet^  flowirig  in  canaln  atxyr***  (Vrff-n 


1 

Name  of  ditch. 

Jane, 

1808. 

0.84 

Sept., 
1896. 

Mar., 
1889. 

June, 
180B. 

Aug., 
ISW. 

Mar., 

]90O. 

Jnne, 
lUttt. 

Sept..    St* 

wa     K 

Haws  &  Talmage . 

0.00 

0.28 

0.00 

0.00 

0.00 

0.00 

o.0f»  ;i  • 

Rabeldam.  - 

5.37 

3.07  1 

2.36' 

1.54 

.94 

.54 

.35 

.07      .' 

1 

Shay  or  Stont  dam 

2.30 

2.08  1 

2.23 

1 

1.13 

.90 

.507 

.40 

.16       ^ 

McRenzie 

2.54 

2.08  1 

9.40 

j 

3.86 

2.00 

2.30 

1.57 

1.69       - 

[ 

Meeks  &  Daley.  _ . 

8.42 

al7.00  1 

17.  OO' 

15.48 

10.45 

13.94 

13.78 

14.68  n.r 

Beam 

.67 
59.04 

ft.  65 
61.34 

.72 

1 
60.53 

.52 
53.92 

.40 
52. 04 

.68 
61.94 

.50 
52.94 

.m     .:^ 

Riverside  Water 
Co.,  upper  ca- 
nal '^ 

1 
1 

'  61.02  4:.'.'" 

Timber 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.C*)       '» 

Gage  canal ,  Santa 
Ana  River . 

1.16 

1.16 

.72 

.24 

.64 

.395 

.29 

1 

\ 

.17      .'• 

Qage  canal .  Palm 
avenue 

'■26. 2« 

<^5.07 

^^6. 68  <:35. 22 

^3.47 

c2\.m 

<122.33 

'^27.K)'$|." 

Logsdon  &  Far- 
rell 

.72 
.34 

.63 

.38 

1.61 
.47 

1.15 

.28 

.54 
.094 

1.28 
.23 

.49 
.00 

.30      -f 

Whitlock 

.01)     .» 

Daley 

.63 

.67 

.71 

.51 

.51 

.72 

1.12 

.54      .'• 

Mclntyre 

.87 

.038 

.82 

.15 

.00 

.14 

.01 

.00     .» 

Whiting.. 

.26 

.01 

.76 

.246 

.01 

1.12 

.13 

.CiO       '• 

Swamp 

1.00 
«1.75 

1.02 
1.64 

.85 
1.64 

.77 
1.00 

.69 

.41 

.70 
.24 

.89 
.55 

.«    .^ 

Ranchero 

1 

Ward  &  Warren- 

2.32 

«2.32 

3.09 

.615 

1.56 

2.5o 

1.70 

.53    l.^"" 

Mill  flume  of  Riv- 
erside Water  Co  - 

3.12 

3. 36 

5.30 

7.29 

2.56 

2.67 

2.17 

M       > 

Mill  pump  of  Riv- 
erside Water  Co. 

1.94 

2.04 

m 

1.77 

1.67 

w 

1.88 

1.52    1.^ 

Camp  Carlton 

.61 

1.20 

2.13 

1.62 

1.02 

2.55 

2.60 

1.67   I.: 

East  Riverside . . . 

4.40 

4.43 

4.25 

2.08 

2.00 

6.59 

5.38 

3.70  .. 

Colton  Terrace 
Water  Co 

1.97 

1.61 

1.69 

1.30 

1.30 

1.69 

1.54 

1.53   :  »* 

City  of  Colton... 

6.82 

7.40 

3.20 

5.49 

3.89 

4.94 

3.21 

3.54    1*' 

Bloomington 
flume 

5.26 

5.49 

(<0 

5.93 

3.05 

3.80 

3.68 

3,28     .' 

West  Riverside 
350-inch  pump- 
insT  nlant 

1 

Rogers  pumping 
nlant 

4^ 

Santa  Ana  River 
flume;    River- 
side   pumping 
plants   Nos.   1 

I 
1 

'132.11 

1 



Total 

138.11 

1 

bove  Sl( 

144.69 
>ver  Mou 

146.44 
nt&in. 

110. 14 
water  nc 

131.46 

1 

»t  include 

117.41 
d.        rfl 

iso-eiis" - 

a  Interpolated.       *»  A 

'River 

>ninpeiKrfri" 
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Return  water,  natural  floxc  in  second-feet^  compai'ed  unth  developed  water  in  San 

Bernardino  Valley  above  Colton. 


Name  of  ditch. 


Haws  &  Talmage. 

Rabel  dam 

Shav  or  Stont  dam 

McKenzie___ 

Beam 


Devel- 
oped. 


Riverside  WaterCo. , 
upper  canal 

Gage  canal,   Santa 
Ana  River 


18.00 


Gage    canal,  Palm 
avenne  weir 

Logsdon  &  Farrell- . 

Whitlock .--. 

Daley 

Mclntyre  _ 

Whiting  _ 

Swamp 

Ranchero 

Ward  &  Warren... 

Mill  flnme  of  River- 
side Water  Co 


26.26 


1.60 


Mill  pnmp  of  River- 
side Water  Co 

Camp  Carlton  ditch. 

East  Riverside  dis- 
trict, or  Riverside 
Highland  Water 
Co 

Colton  Terrace 
WaterCo 


) 


1.94 
.61 


City  of  Colton  pump- 
ing plant 

Bloomington  flume . 

Meeks  &  Daley  ditch . 

Total 


4.40 

1.97 

6.82 
5.26 


66.86 


1898. 

Septemlmr ,  1898. 

Natu- 
ral. 

Devel- 
oped. 

Natu- 
ral. 

0.84 

0.00 

5.37    

3.07 

2.30 

2.08 

2.54    _ 

2.08 

.67 

.65 

41.04 

17.54 

43.80 

1.16    

1.16 

25.07 

.72    

.63 

.34 

1 

.38 

.63    

.67 

.37    

.038 

.26    

1 

.010 

1.00 

1.020 

«1.75  1 

1.640 

.72 

1.60 

.720 

3.12 

3.360 

2.04 
1.20 

4.43 

1.61 

7.40 
5.49 

8.42 

«17.00 

71.25 

66.38 

78.31 

March,  1890. 


Devel- 
oped. 


18.04 


26.68 


0.28 
2.36 
2.23 
9.40 
.72 


June,  1899. 


Devel- 
oi>ed. 


Natu- 
ral. 


0.00 
1.54 
1.13 
8.86 


.52 


42.49    17.50     I  36.42 


1.60 


I 


Not 
run. 

2.13 


4. 25 

1.69 

3.20 
.00 


57.5^ 


.72 


1.61 
.47 
.71 
.82 
.76 
.85 
1.64 
1.49 


25. 22 


.24 


1.15 
.28 
.51 
.15 
.246 
.77 

1.00 


.615    ... 


5.30 
I '  1.77 


7.2f 


1.62 


2.08 


15.48 


ro.59 


a  Interpolated. 
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Return  water y  naturcUJlotv  in  second-feet,  etc. — Continued. 


Name  of  ditch. 


Haws  &  Talmage. . 

Rabel  dam 

Shay  or  Stoat  dam 

McKenzie 

Beam __ 


AuKQst,  1809.      March,  1900. 


Devel- 
oped. 


Riverside  Water  Co. , 
upper  canal 


Gage  canal,  Santa 
Ana  River 


Gkkge  canal,  Palm 
avenue  weir 


Liog8don&  Farrell. 

Wbitlock 

Daley 

Mclntyre 

Whiting 

Swamp  .. 

Ranchero 

Ward  &  Warren 

Mill  flume  of  River- 
side Water  Co. 

Mill  pump  of  River- 
side Water  Co 

Camp  Carlton  ditch. 

East  Riverside  dis- 
trict, or  Riverside 
Highland  Water 
Co 


Colton  Terrace  Wa- 
ter Co 


City  of  Colton  pumj)- 
ing  plant 

Blooming^n  flume . 

Meeks  &  Daley  ditch 

West  Riverside  350- 
inch  pumping 
plant 


Natn-  Devol- 
ral.     oped. 


Natu- 
ral. 


June,  1900. 


September, 
1900. 


SeptnaV: 


Devel-  Natn-  i  Derel-  iNatn-lDeTpliXaT 
oped.      ral.   '  oped.     raL   oped  nL 


- 1 


0.00... 

.94' .540 

.90 1     .SO?! 

2.00 2.300! 


0.000,     0.00   0.00 


.40 !     .680 


.35! 

.40 

1.57 

.50 


27.5024.54  24.5487.40  I  32.36 

r 

.64L. 395 


0.00 
.0 

.16' 

1.69 

.33 


1.  • 

III 

•il 


27.0054.02'26.a«ei 


2.00 

I 

1.30' 

3.89 
3.05 


..10.45 


6.59 

1.69 

4.94 
3.80 


Rogers    pumping 
plant 


Santa    Ana    River 
flume;   Riverside 

Sumping    plant 
Tos.  1      " 


and  2. 
Total 


65. 46  44. 68 


67.67 


13.94 


I 


5.38 

1.54 

3.21 
3.68 


18.78 


8.70 

1.58.  —  1.*^ 


3.54'...-. 

8.28J.— . 

14.6a 


3.53 

.00. 


\l¥ 


63.79     74.48 


42.93 


5.9+ 


5.03   - 
71.42l54.1881.«|.>'>^ 
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From  the  two  preceding  tables  it  will  be  not^  that  despite  severe 
Iroughts  which  existed  from  1808  to  1902,  inclusive,  the  output  of 
prater  from  t.he  gravel  beds  above  Colton  has  but  slightly  diminished, 
he  total  being  144.69  second-feet  in  September,  1898,  as  compared 
i^ith  120.21  second-feet  in  September,  1902.  The  amount  of  iJeveloped 
rater  in  September,  1898,  was  66.38  second-feet,  and  in  September, 
902,  81,69  second-feet,  while  the  natural  return  wat^er  between  the 
iame  dates  decreased  from  78.31  second- feet  to  38.52  second-feet, 
during  this  period  much  development  work  was  done,  and  while  these 
lew^  supplies  do  not  mean  an  absolute  addition  to  the  output  from  the 
listrict,  the  fact  that  the  total  supply  was  maintained  notwithstand- 
ng  the  drought  is  a  decided  achievement. 

SAN  DIEMAS  WASH. 

See  San  Gabriel  River,  miscellaneous  measurements,  San  Diemas 
rVash. 

SAN    FERNANDO   CREEK. 

Tischarge  measurement  of  San  Fernando  Creek,  tributary  of  Los  Angeles  River, 

at  San  Fernando  Mission,  Los  Angeles  County. 


Date. 

Hydrographer. 

Dis- 
charge. 

1901. 
ran.    28 

J.  B.  Lippincott 

Sec-feet. 
8.21 

SAN    FRANCISQUITO   CREEK. 

discharge  measurement  of  San  Francisquito  Creek  at  junction  with  Santa  Clara 

River,  Los  Angeles  County. 


Date. 

Hydrographer. 

Dis- 
charge. 

1898. 
Sing.   11 

F.  H-  OlmntAd 

Sec-feet. 
2.07 

SAN  GABRIEL  RIVER. 

The  drainage  basin  of  this  river  lies  on  the  southern  slope  of  the 
Sierra  Madre,  the  watershed  being  included  in  Los  Angeles  County, 
O'al.  The  various  tributaries  join  the  river  before  it  enters  its  lowest 
janyon,  whence  it  appears  finally  on  the  plain  in  the  vicinity  of 
4zusa.  The  seepage  waters  appear  lower  down  in  the  valley.  The 
floods  discharge  into  the  Pacific  Ocean  through  a  number  of  poorly 
iefined  storm  channels.  All  the  summer  flow  of  this  stream  is  now 
used  for  irrigation  purposes  in  the  vicinity  of  Azusa.  Owing  to 
the  numerous  diversions,  it  has  been  difficult  to  obtain  accurate  dis- 
charge measurements,  but  during  1898  the  San  Gabriel  Electric  Com- 
pany completed  its  system,  and  measurements  are  now  obtained  with 
greater  ease,  and  hence  with  greater  accuracy.  The  head  works  of 
this  company  are  located  about  6  miles  above  the  mouth  of  the  can- 
yon, the  water  is  carried  along  the  left  side  by  a  series  of  tunnels  and 
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conduitH,  and  a  head  of  4()0  feet  is  obtained  where  the  electric  power 
is  generate<l.  Weirs  are  placed  on  the  conduit  of  the  electric  coo- 
pany,  and  the  low  water  is  measured  at  this  point.  The  capacity  <i 
the  conduit  is  90  second-feet.  The  gaging  station  on  the  main  river 
is  located  at  the  mouth  of  the  canyon.  The  equipment  consists  of  & 
rod,  a  cable,  a  car,  and  a  tagged  wire. 

Discharge  meiuturenienU  of  San  Gabriel  River  at  paint  near  mouth  of  way 

near  Azuaa,  Los  Atigelen  County ^  Cal. 


Dat9.  Hydroerrapher. 

1895. 
Sept.   10     J.  B.  Lippincott . . 


Nov.     5 

Dec.    11 

Do.. 

Dec.    21 
Do-. 


Dec.    21 
Do-- 

1896. 
Feb.    17 
Do-. 


Mar.  22 
Do-. 


do 
do 
do 

-do 
-do 


Total 


J.  B.  Lippincott 
do 


Total  .... 

J.  B.  Lippincott 
do  - 


Total 


J.  B.  Lippincott 
do 


Total 


Apr.    30  I  J.  B.  Lippincott 
Do..-' do 

I 
I 

June  17    do 


Do 
Do 

Do 


do 
do 


do 


Total 


July   22  .  John  H.  Quintou 
Do... do  ..-    

Nov.   22 
Do.- 


J.  B.  Lippincott 
do 


Gaoe 
leiffht. 


helg 


1.9 


l.So 


Q  97 

f^m  A/I 


charge. 


Fert.      I  Src.f^l. 

1.19       34.93 

.     --.        13.25 

0.00 

:J7.50 


27.30 

26.  eo 

53.90 


27.05 
26.60 

53.65 


4.86 
33.00 


Total  flow,  meter  tnea^im^ 
ment. 

Total  flow. 

River. 

Canals. 

River. 
Canals. 

River. 
Canals. 


River. 
Canals. 


37.86 


69.91  I  River. 
35.20     Canals. 


105.11 


0.00 
55.20 
25.14 


19.94 
3.99 

1.54 
25.47 


River. 

Canals. 

Irrigators  upper  weir. 

River. 

Aamsa    irrigation    ^^f^ 
ment. 

Vineland  tonneL 


0.00  River. 

20. 7.5  Canals. 

0.00 

21.10  Canals. 
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Dincharge  meastirements  of  San  Oabriel  River,  etc. — Contintied. 


Date. 


Hydrograpber. 


Qase     '       Dis- 
heignt.  i    charge. 


1897.  jfVW. 

Jan.     10  ;  J.  B.  Lippincott 1 .  28 

Do_-_ do .._ 

Do...' do 


SeCy'feet. 

4.50 

19.93 

1.65 


Bemarks. 


Total 


Jan.    25  !  J.  B.  Lippincott 3.00 

Do...! do 

Do___! do ._ 


Total 


Feb.  1  I  J.  B.  Lippincott 
Do. .-I do - 

Feb.      2  i do 

Do do 


Mar.    12 
Do.. 


do 
do 


Apr.    29 
Do_. 


May    24 
Do.. 


Jnne  30 

Do... 
July      5 

Do... 
Aug.     7 

Do.. 
Sept.     1 

Do... 
Sept.  29 

Do-. 


Total 


J.  B.  Lippincott . . 
do 


Total 


J.  B.  Lippincott 
do 


Total. 


A.  Q.  Campbell 
do 


Nov.   13 
Do.. 


do 
do 
do 
do 
do 
do 
do 
do 

do 
do 


Total 


26.08 

67. 79 

16.20 

1.13 


Biver. 

Canals. 

Vineland  canal  water. 


5.1 


8.4 


75.12 


1,725.0 

00.0 

422.1 

00.0 


Biver. 

Canals. 

Vineland  canal  water. 


3.8 


—  I 


410.1 
18.0 


Biver. 
Canals. 
Biver. 
Canals. 

Biver. 
Canals. 


428.1 


2.6 


2.08 


162.80     Biver. 
71.27  '  Canals. 


283.57 


76.00 
67.90 

143.90 


Biver. 
Canals. 


2.38 


2.2 


2.1 


0.00 
55.68 

0.00 
53.94 

0.00 
31.37 

0.00 
24.25 

0.00 
19.28 


7.56 
24.16 

31.72 


Biver. 

Canals. 

Biver. 

Canals. 

Biver. 

Canals. 

Biver. 

Canals. 

Biver. 

Canals. 

Biver. 
Canals. 
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Dutcharge  measurements  of  San  Oabriel  River,  etc. — Contmned. 


Date. 


1897. 
Nov.   27 
Do._ 


Nov.  28 

1898. 
Jan.    12 
Do-. 


Mar.     8 
Do.. 


Apr.     2 
Do._ 


May    10 
Do... 


May    17 
Do.. 


July     1 
Do-. 


July   21 
Do.. 


Aug.  16 

Do.- 
Do.. 
Do-- 
Do.. 
Do.. 
Aug.  21 


Hydrographer. 


J.  B.  Lippincott 
do ... 


Total 


J.  B.  Lippincott 


do 
do 


Total  . 

H.  F.  Crowe 
do 


Total  river 

J.  B.  Lippincott . 
do 


Total  river 

J.  B.  Lippincott . 
do 


do  . 
do  . 


Total 


F.  H.  Olmsted. 
do 


Total  river 

J.  B.  Lippincott . 
do 


do 


..do 
..do 

-do 
..do 
.-do 

-do 


Gase 
ti6i3it 


Dis- 
heiglit.  I  charge 


Fret. 


1.36 


Sec.'feei. 


36.  d9 


42.11 


23.29 
25.00 


48.29 


12.8 
36.9 


49.2 


11.30 
29.92 


41.22 


0 
23.34 


1.03  '     15.40 
44.61 


60.01 


3.59 
11.78 


15.87 


0 
13.21 

0 

6.20 
5.78 
5.60 
5.60 

5.78 
5.78 


River. 
Canals. 


At  Son  Gabriel  Power  Cod 
pany*B  intake;  total  flow. 

River. 
Canals. 


DuartecanaL 
Azusa  canal. 


Duarte  canal. 
Azusa  canal. 


River. 
Canals. 

River. 
Canals. 


Duarte  canal. 

Azusa  canal   at  SUogbtir- 
house  tnnnel. 


River. 

San   Gabriel   Poww  Osb- 
pany's  canal  headwoib- 

Power  Co.'s  headwOTb:  ^ 
p.  m. 

Canals;  3  p.m. 

Canals;  4  p.  m. 

Canals;  5  p.  m. 

Canals;  6  p.  m. 

Canals;  7  p.  m. 

Canals;  8  p.  m. 
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Discharge  meeuurements  of  San  Gabriel  River,  etc. — Continned. 


Date. 


1898. 
Aug.   23 
Do._ 

Do.- 


Hydrograpber. 


J.  B.  Lippincott. 

do  .-.- 

do 

do 


1899. 
Jan.     1 1 
Do_- 
I>o__ 


do 
do 
do 


Total 


Jan.     16  I  H.  F.  Parkinson, 
to  19. 


Aug.  26 

1900. 
Nov.    21 

Do.. 
Do_- 


do 


1901. 
Jan.       7 


S.  G.  Bennett. 

do 

do 


Total 


Feb.      4 
Do.- 


Feb. 
Do- 


5 


Feb.    23 
I>o-- 


Mar.      5 
I>o.. 


S.  G.  Bennett 
do 


do 
do 


Total 


S.  G.  Bennett 
do 


do 
do 


Total 


S.  G.  Bennett. 
do 


Total 


Oase 
height. 


Dis- 
charge. 


Feet. 


1.16 


6.16 


2.30 


Sec-feet. 

0.00 

6.20 

0 

8.48 


15.9 

5.0 

28.3 


49.2 


18.00 


5.5 


0 


20.15 
26.18 


46.28 


2,709. 0 
0 


7.6 


4.1 


3.00 


112.0 
65.0 

177.0 

6,253.0 
0 

700.4 
65.0 

765.4 

248.0 
65.0 

313.0 

Remarks. 


Biver;  8  p.  m. 
Canals;  8  p.m. 
River;  10  a.  m 
Daily  maximum;  10  a.m. 


Biver. 

Waste. 

Canals. 


River  and  canals. 
Canals;  no  water  in  river. 

River;  11  a.  m. 

Waste. 
Canal. 


River  (calcnlated). 
Canals. 

River. 
Canals. 


River  (calcnlated), 
Canals. 

River. 
Canals. 


River. 
Canals. 
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Discharge  measuremenU  of  San  Oabriel  River ^  etc. — Continned. 


Date. 

1901. 
Mar.  29 
Do_. 


Hydrograpber. 


Qm)     I      Dis- 
bei^nt.   ,  cbar^. 


S.G.Bennett 
do 


Feet. 
2.25 


Sec-feet. 


t 


96.5     '  River. 
33. 0       Canal. 


July   11 
Do.- 

1902. 
Jan.    25 
Do-- 


Total 


S.  G.  Bennett 
do 


129.5 


0 
31.6 


River. 
Canal. 


W.  B.  Clapp 
do 


0  I  River. 
50.94  '  Canals. 


Feb.    26  I  J.B.Lippincott. 
Do..    do 


Mar.     6 
Do-. 


Total 


Apr.     8 
Do.- 


J.  Ahem 
do  .. 


Total 


S.G.Bennett 
do 


2.05  I  126.19 
i    64.00 


190.19 


River. 
CanaL 


1.57       46.2    I  River. 


62.0 


Canals, 


108.2 


1.4 


26.0 
44.6 


Jnne  12 
Do.. 

Sept.     1 


Total 


S.  G.  Bennett 
do 


70.6 

0 
25.7 
W.B.  Clapp 1 5.0 


River. 
Canals. 


Retoarlca. 


River. 
Canals. 
Total  flow. 


Date. 


Hydrc^rrapber. 


Jnne  17,1896     J.B.Lippincott 


Ang.  24,1898 


Do 


do 


do 


Dis- 
cbarge. 


See. -feet. 
3.99 


Locality. 


.22 


.30 


Aznsa  Irrigators  DevelopBr'- 
Tnnnel. 

Same  place;  river  being diverr** 
tbron^h  power  compia}  * 
conduit. 

Irrigators  Development  Tam^' 
pmnped;  additional. 
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ZyUurharge  measurements  of  San  Gabriel  River,  Azusa,  Los  Angeha  ('o:::u:;. 


]>a.te. 


Hydro^rrapher 


Locality. 


JtiTie    17,1896  '  J.B.  Lippincott. 


Sec-feet,  i 

I 

1.54  '  Mouth  of  Vineland  lunml. 


Do .._do 2. 11  I  Same;  pump  running-. 


Apr.     29, 1897 

I>o_ 

I>o 


I>o_ 


May     24, 1897 


do 
do 
do 

do 

do 


2. 23     Mouth  of  Vineland  tunnel. 

2.11  •  Same;  shaft  No.  2. 

2. 13  !  Samei  at  head  of  flume.  l)etween 
shafts  Nos.  3  and  4. 

» 

1.07     Same;  right  fork,  above  shaft 
No.  4. 

1 . 8«     Mouth  of  Vineland  Tunnel. 


JJiJfrJifirge  ineasurementa  of  San  Gabriel  River  at  intake  of  San  Gabriel  Power 

Company^  Los  Angeles  County. 

[MeaAUZ^ments  by  Edison  Electric  Company.    The  flow  was  unusually  small  in  September,  1898, 
and  tbflse  measurements  were  made  to  determine  this  minimum  and  its  hourly  fluctuation.  J 


Date. 

Septemlaer  15,  1898: 

7  a.  m 

7.30  a.  ra 

8  a.  xn 

8.30  a.  m 

9  a-  in. 

9.30  a.  m 

10  a-  m 

10.30  a.  m 

11  a,  m_ 

11. 30  a.  m 

13  m  --- 

12.30p.m 

1  p.  in - . 

1.30  p.  m 

2  p.  m 

2.80  p.m. 

3  p.  m 

3.30  p.m 

4  p.  m 

4.80  p.m 

5  p.  m 

5.30  p.  m -. 


Dis- 
chai^^. 


Date. 


Dih'- 


Sec. 


-feet. 
8.16 

8.28 
8.40 
8. 50 
8.72 
8.84 
8.84 
8.84 
8.84 
8.72 
8.62 
8.40 
8.28 
8.06 
7.84 
7.62 
7.50 
7.40 
7.18 
7.04 
6.94 
0.94 


|l  September  15,  1898 — Cont'd.       Sec-fvet. 

6p.m 0.94 

6.30p.m 0.94 


12-hour  mean. 

September  15,  1898: 

7  p.  m 

7.30  p.m 

8  p.  m 

8.30  p.  m 

9  p.  m. 

9.30  p.  m 

10  p.m 

10.30  p.m 

11  p.  m 

11.30  p.m 

12  midnight 

September  16,  1898: 

12.30  a.  m 

I  a.  m . . . 

1.30  a.  m 


7.99 


2  a.  m. 


2.30  a.  m 


G.94 
6.94 
6.94 
0.94 
7.04 
7.04 
7.04 
7.04 
7.04 
7.04 
7.04 

7.04 
7.04 
7.18 
7.18 
7.28 
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Discharge  meajturements  of  San  Gabriel  River ^  etc. — Continiied. 


Date. 


September  16,  1898— Cont'd. 

3  a.  m 

3.30  a.  m 

4  a.  m 

4.80  a.  m 

5  a.  m 

5.30  a.  m 

6  a.  m  - _ 

6.80  a.  m 


12-hoQr  mean 

September  16,  1898: 

7  a.  m 

7.30  a.  m 

8  a.  m  _ 

8.30  a.  m 

9  a.  m 

9.30  a.m 

10  a.  m 

10.30  a.  m 

11  a.  m 

11.30  a.  m 

12m 

12.30  p.  m 

1  p.  m 

1.30  p.  m 

2  p.  m 

2.30  p.  m 

3  p.  m 

3.30  p.  m 

4p.  m 

4.30  p.  m 

5  p.  m 


Dm- 
charge. 


Date 


Sec. -feet. 

7.40 
7.50 
7.62 

7.72 
7.84 
7.96 
8.06 
8.06 


7.29 


8.28 
8.40 
8.28 
8.50 
8.72 
8.94 
9.06 
9.06 
8.94 
8.84 
8.72 
8.50 
8.28 
8.06 
7.84 
7.62 
7.50 
7.40 
7.18 
7.04 
6.94 


September  16.  1898 — Cont'd,  .vr  .vt 

5.30p.  m.    «^ 

6p.  m «X 

6.30  p.  m 6.''^ 

12-ho\ir  mean ^•'. 

September  16,  18d8: 

7  p.  m 6 - 

7.30p.m. 6.S 

8  p.  m -.  6.^ 

8.30p.  m 6>? 

9p.  m €.^ 

9.30p.  m t^ 

lOp.m 6j»' 

tO.dOp.  m._    6V 

llp.m 6,fi 

11.30p.  m_ _ 6> 

12  midnig^ht €  -^ 

September  17,  1898: 

12.30a.m 4« 

1  a.  m 6.^ 

1.80  a.  m ^< 

2a.m.. ^M 

2.30  a.  m _ T^^ 

3  a.  m _ 7"» 

3.30a.m... 1-^ 

4a.  m . .  .  •  ' 

4.80a.  m ^* 

5a.  m T* 

5.30  a.  m "  ' 

6  a.  m '^ 

6.30a.  m "" 

12-honrmean ** 
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The  following  table  is  prepared  from  measurements  made  three 
times  daily  for  the  San  Gabriel  Electric  Company,  and  filed  in  a  suit 
before  the  United  States  land  office  at  Los  Angeles,  Cal.  The  mean 
of  the  three  daily  measurements  is  here  given. 

Estimated  daily  discharge^  in  »eco7idrfeet,  of  San  Oabriel  River  aver  weir  on  West 

Branch  of  North  Fork,  at  Sycamore  Flat,  for  1900. 

[ObHerrer,  San  Oabriel  Power  Ckimpany.] 


1. 
2. 
3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18- 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

25 

27 

28. 

29. 

30 

31 


Day. 


July. 


August.      '  September.     October. 


Total 


0.28 
.27 
.27 
.26 
.28 
.24 
.28 
.25 
.23 
.25 
.25 
.22 
.27 
.27 
.31 
.31 
.27 
.31 
.39 
.39 
.24 
.26 
.26 
.28 
.37 
.37 
.26 
.23 
.23 
.23 


0.23 
.23 
.23 
.26 
.17 
.23 
.23 
.22 
.12 
.12 
.19 
.19 
.19 
.19 
.15 
.26 
.23 
.23 
.23 
.22 
.22 
.22 
.22 
.22 
.22 
.23 
.18 
.18 
.25 
.20 


0.19 
.19 
.17 
.22 
.12 
.12 
.22 
.18 
.20 
.22 
.22 
.22 
.22 
.18 
.18 
.12 
.12 
.25 
.15 
.12 
.15 
.12 
.15 
.22 
.27 
.26 
.26 
.22 
.20 
.17 


0.20 
.12 
.18 
.18 
.23 
.28 
.19 
.19 
.19 
.19 
.19 
.19 
.22 


.19 
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Estimated  daily  discfuf^e,  in  second-feet,  of  San  Gkxbriel  River  over  toeiron  .Vcrf^ 

Branch  of  North  Fork,  at  Sycamore  Flat,  for  1900, 

[Obperver,  San  Ghbfarlel  Power  OompMij.l 


2 

8 

4 

5 

0 

7 

8 

9 
10 
11 
12 
18 
14 
15. 
16. 
17. 
18. 
19 
20. 
21. 
22 
28. 
24. 
25. 
26_ 
27. 
28. 
29. 
30. 
81. 


Dfty. 

July. 

1 

August. 

0.89 

« 

0.93 
.93 
.93 

.89 
.89 
.89 
.83 
.80 
.70 
.81 
.83 
.86 

.89 

.89 

.95 

.95 

.74 

.74 

.74 

.77 

.77 

.74 

.74 

.    J    t 

Total 


.95 
.97 
.97 
.97 
.97 
.97 
.97 
.97 
.96 
1.07 
.95 

.a5 

.96 

.68 
.68 
.89 
.86 
.68 


September.    Octo'i 


.68 
.74 
.63 
.65 
.65 
.63 
.60 
.60 


.55 
.53 
.53 

.  56 
.57 
.57 
.57 
.74 


0.63 
.63 
.63 
.63 
.60 
.65 
.61 
.61 
.83 
.61 
.61 
.63 
.61 
.63 
.63 
.59 
.59 
.59 
.59 
.59 
.53 
.53 
.33 
.81 
.68 
.65 
.65 
.68 
.68 
.68 


OTi 


.38 


.70 


.63! 
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Estimtited  daily  disckarge,  in  second- feet,  of  San  Gabriel  River  over  weir  on  West 

Fork  above  mouth  of  North  Fork  for  1900, 

[Obflerrer,  San  Gabriel  Power  Company.] 


Day. 

Jnly. 

0.55 
.62 
.68 
.62 
.53 
.55 
.55 
.55 
.44 
.84 
.29 
.26 
.24 
.20 
.13 
.12 
.16 
.16 
.12 
.12 
.07 
.12 

August. 

September. 

October. 

1 

2 

8   . 

0.05 
.02 

0.12 
.12 
.12 
.12 
.08 
.11 
.16 
.12 
.12 
.16 
.16 
.12 
.12 
.16 
.16 
.16 
.16 
.11 
.12 
.12 
.16 
.16 

0.16 
.16 
.16 

4 _ 

.16 

5 ._.. 

.15 

6 _ 

.20 

4 . 

.20 

8           

.16 

9. 

10- 

.16 
.18 

11 

.20 

12 

13... 

.08 
.07 
.08 
.08 
.12 
.10 
.12 
.10 
.12 
.12 
.10 
.07 
.08 
.08 

.20 
.20 

14 

15 

16 

17 - 

18- : 

19 

20 _ -... 

21 

22 

23 

24...                    _ _ ' 

25 

26 

.08 

.12 
.20 
.16 
.16 
.13 
.14 

*  —  — .... ....  —  ...  — 

27 

.08 
.08 
.10 
.12 
.10 

.09 

28 

.05 
.08 
.05 
.05 

.29 

29 _ 

30 

31 

.14 

Total 

.17 
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E^timated^ily  discharge,  in  second-feet,  of  San  Oabriei  River  over  weir  tm  Coli 

xoaier  Creek,  S\  miles  above  mouth,  for  1900. 

[Obeerver,  Bftn  Oabriei  Power  Oompany.] 


Day. 

July. 

Angoflt. 

!  September. 

October 

1 

0.43 

0.52 
.58 
.62 
.57 
.55 
.56 
.51 
.51 
.56 
.50 
.55 
.52 

2     .- 

O.ft) 

3 

.49 

.46 

.54 

.53 

.50 

.50 

.53 

.50 

.53 

,51 

.46 

.47 

.45 

.45 

.47 

.47 

.53 

.55 

.56 

.51 

.49 

.45 

.44 

.45 

.42 

.42 

.41 

.40 

.56 

.C 

4.. 

X 

5.. 

M 

6 

.11 

7 - 

.5^ 

8 

.* 

9 

.> 

10 

..T) 

11 

M 

12 

M 

13_-       .              _. 

M 

14 

« 

- - 

15 ._   

\ 

16- 

17.                                    

■::;;;;; 

18... --.. 

19 

20..                             

21 

—  ---  — 

22-. 

28 

24 

25 

26 

■ 

27 

0.87 
.49 
.50 
.47 
.46 

28 

29 

30. 

1 

31 

Total 

.46 

.48 

.55 

.6' 

iippiKcxyrr.] 


SAN    QABBIEL   BtVKB. 


237 


'^timated  daily  dincharge,  in  second-feet  ^  of  San  Qabriel  River  over  weir  100  yards 

above  Fish  Fork,  for  1900. 


[Obeerver,  San  Oabriel  Power  Company.] 

Day. 

Jnly. 

2.24 
2.48 
2.48 
2.42 
2.33 
2.27 
2.06 
2.12 
2.09 
2.15 
2.09 
2.15 
2.15 
2.03 
2.08 
2.12 
2.00 
2.00 
1.97 
1.97 
2.00 
2.00 
2.00 
1.97 
2.18 
2.00 
2.00 
1.95 
1.77 
1.77 

Augvust. 

September. 

October. 

1 

1.67 

2 

1.67 

3 

1.72 

1.80 

1.80 

1.80- 

1.80 

1.80 

1.80 

1.80 

1.80 

1.97 

1.92 

1.85 

1.80 

1.68 

1.76 

1.68 

1.68 

1.64 

1.68 

1.68 

1.68 

1.68 

1.76 

1.68 

1.60 

1.60 

1.68 

1.68 

1.97 

1.71 

4                - - 

1.84 

5                                

1.84 

«i _ 

1.80 

7_.      - - 

1.72 

S.          -- 

1.67 

9.-    - - 

1.84 
1.80 
1.72 
1.76 
1.72 
1.76 
1.76 
1.80 
1.71 
1.72 
1.72 
1.68 
1.59 
1.68 
1.79 
1.89 
1.84 
1.84 
1.67 
1.63 
1.67 
1.79 

1.71 

0.   -     

1.71 

1 

1.75 

2         

1.76 

3        .      -_ 

1.89 

4       

.5           

6 - 

7            

l8             

[9           - --- 

50             

Jl     .    

J2      -        

J3     .    .__ 

>A             - - 

55                  _ 

56           

17          ._. _ 

.       --..-. 

J8             

J9             - 

JO       

Jl                

1 

Totftl                  

2.09 

1.75 

1.74 

1.75 
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Estimated  daily  discharge^  in  secondrfeet,  of  San  Oabriel  River  over  weir  on  Fuit 

Fork,  100  yards  from  mouthy  for  1900. 

[Observer,  San  Oabriel  Power  Comiiany.] 


1 
2 
8 


6 


8. 

9 
10 
11. 
12 
18 
14 
15 
16 
17. 
18. 
19 
20. 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Day. 


July. 


1.42  < 

1.66 

1.68 

1.66 

1.28 

1.25 

1.16 

1.18 

1.08 

.98 

.96 

.98 
1.04 
1.02 
1.25 

.98 
1.00 
1.00 
1.00 
1.12 
1.12 
1.13 
1.06 
1.02 

.90 

.90 

.90 

.87 

.87 


Total 


1.11 


Ancnu^t. 


September.     Orfeotsr. 


0.99 

.96 
1.02 
1.06 
1.0« 

.92 

.95 
1.02 

.99  ; 
1.11 
1.11   I 
1.02 

.  99 

.90 

.90 

.84 

.84 

.95 

.89 

.90 

.90 

.90 

.92 

.92 

.92 

.92 

.99 

.95 
1.08 


.96 


1.52 

.92 

.96 

1.13 

1.10 


0.^ 
.16 

a  ^» 

l.tl 


.99 

1.08   

.94   

.93 

.89 

.86    

.84 

. . ,  -.- 

.84 

.80 

.98 

1.02 

1.01 

.98 

' 

.78 

.80 

.81  ! 

.84 

..  >  -           '    * ' 

.96             > 

1 
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Estimated  daily  discharge,  in  secondrfeet,  of  San  Oabriel  River  over  weir  on  Iron 

Fork,  100  yards  from  vumth,  for  1900. 


[Olnerver,  San  Gabriel  Power  Company.] 

Day. 

Jnly.             Au^ost. 

r 

September. 

October. 

1... __. 

1.97 
1.97 
2.08 
2.09 
1.89 
1.91 
1.88 
1.66 
1.56 
1.58 
1.50 
1.39 
1.42 
1.42 
1.44 
1.42 
1.42 
1.87 
1.37 
1.42 
1.81 
1.84 
1.37 
1.24 
1.29 
1.24 
1.26 
1.21 
1.09 
1.14 
1.24 

1.05 

2 

0.87 
1.05 
1.09 
1.16 
1.16 
.62 
1.16 
1.12 
1.16 
1.24 
1.06 
1.09 
1.20 
1.24 
1.12 
1.12 
1.09 
1.09 
1.16 
1.12 
1.13 
1.02 
1.02 
.95 
.95 
.95 
1.02 
1.09 
1.09 
1.12 

1.08 

3...-_ - 

1.06 

4 _ 

5 .-- 

1.12 
1.20 

6---    

1.12 

1      _    __.    .... .. ._..»_.. 

•      1.09 

8  ..            

1.16 

9 

10 -- 

11      

1.09 
1.12 
1.12 
1.09 
1.09 
1.12 
1.16 
1.09 
1.16 
.   1.09 

i.te 

1.06 
.91 
.87 
1.12 
1.27 
1.20 
1.20 
1.05 
1.01 
1.01 
1.16 

1.12 
1.09 
1.20 

12 :.... 

13 -- -.-   

14 - 

1.20 
1.28 
1.81 

15 

16.      -- 

17 

18 - 

19 - 

20 - 

• . 

21 

. 

22 

•  • 

23 - --   

' 

24 -.- - 

25 - 

■ 

26-      .- - - 

27 - 

28. - - 

29       - -- 

30 - --- 

31        : 

1.09 

Total 

1.50 

1.07 

1.14 
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Discharge  mecuturementit  of  San  Oabriel  River  at  point  above  Iron  Fork. 


Date. 


November,  1896 
December,  1896. 
Janoary,  1897  . . 
February,  1897 . 
March,  1897.--. 

April,  1897 

May,  1897 

Jnne,  1897 


Hsrdrofpmpher. 


I>» 


F.  C.  Finkle 

.....do 

do 

do 

do 

do 

do 

do 


Jtdy ,  1897  . . .  - ' do 


August,  1897  . .  - 
September,  1897 
April,  1900 


do 
do 


J.  B.  Lippincott  et  al. 


1. 1 

7.4 

*.4 

41  y 

27.9 

u.: 

35.4 
17.'' 
16.4 
11' 
5.71 


Di8charge*mea8urement8  of  Iron  Fork  of  San  Oabriel  River  €tt  mouth. 


Date. 


Hydrographer. 


Dis^ 


November,  1896 
December,  1896. 
January,  1897  . . 
February,  1897 . 
March,  1897..-. 
April,  1897...-. 

May,  1897 

June,  1897 


F.  C.  Finkle 

do 

do 

do 

do 

.....do 

do 

do 


July,  1897 1 do 


August,  1897  ... 
September,  1897 
April,  1900 


do 
do 


Ser.-fttt 
5,1 

10.1 

10/2 


J.  B.  Lippinoott  et  al 


3  J 
1.^ 
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Discharge  medstirements  of  North  Fork  of  Saii  Gabriel  Rhrr. 


Date.  Kyc>:,;frapher.  '    ^^^^ 


i  Svc.'feei. 

November,  1896 .    F.  C.  Finkle. _    ...  3.7 

December,  1896 do..      ...   .  3.6 

January,  1897  .     .     ...  ' do...     ..   ...    .     _.   .         .     ..    ...j  10.8 

Febrnary,  1897 I do.. .     .   . 17.0 

March,  1897. do ,  19.4 

April,  1897 do . 13.8 

May,  1897  .     ....    .do 11.2 

June,  18^7 do 7.1 

July,  1897 -      do ..|  5.9 

August,  1897 do 4.1 

September,  18  7 do 3.9 

April,  1900  ..     !  J.  B.  Lippincott  et  al \  1.43 


Discharge  measfi  re  mentis  of  CoUlwater  Creek,  San  Gabriel  Rh^er,  Lor,  Angeles 

County^  Cal. 


Date.  I  Hydrota'apher. 


November,  1896 F.  C.  Flncle 

December,  1896.    ..     do 

January,  1897 do      

February,  1897 do 

March,  1897 do 

April,  1897  - do 

May,  1897 1 do 

June,  1897- do 

July,  1897.- ; do 

August,  1897 ; do 

September,  1897 j do 

April,  1900 J.  B.  Lippincott  et  al. 


Dis- 
chargro. 

Sec-feet. 

4.1 

4.2 

11.3 

19.1 

17.8 

11.3 

9.8 

8.3 

6.5 

5.1 

5.0 

1.46 

IBR  81—03 IG 
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Discharge  measuremetits  of  Bear  Creek,  San  Gabriel  Riwr.  />w  Anfjclea  Cow*#«S 

Cal. 


Date. 


H  ytlroffrapher . 


Novemlier,  1896 
December,  1896  _ 
Jannary,  1897  . . 
February,  1897  . 
March,  1897  . . . . 

April,  1897 

May,  1897 


F.C.Fincle 

do 

do 

..   -do  

do 

do 

do 


3.4 
9.1 

u.: 

17.. ^ 
14.1 


Discluirge  ineasureinentii  of  Bear  Creek,  San  Gabriel  River,  at  point  u^ar  mtfvth. 

Los  Angeles  County,  Cal. 


Dato 


Hydrographer. 


June,  1897. 

July,  1897 

August,  1897  -  -  - 
September,  1897 
April,  1900 


F.  C.  Fincle 

do 

do  _ 

do 

J.  6.  Lipplncott  et  al 


fharp". 


6.3 
6.;* 
4.4 
4-5 

0   i-i 


Discharge  ineasurement  of  West  Fork  of  San  Gabriel  River  uln^ve  Bear  Cr*^k. 

Los  Angeles  County,  Cal. 


Date. 


Hydrographer. 


i  

April,  1900 - J.  B.  Lipplncott  et  al 


Discharge  measurement  of  West  Fark  of  San  Gabriel  above  junctian  teith  i>r*' 

Fork,  or  Main  River,  Los  Angeles  County,  Cal. 


Date. 


Hydrographer. 


August  23, 1898. ;  J.  B.  Lipplncott 


rharr 


Sf-.-^'* 
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Dinvhargr  measurement  of  Kant  Fork  of  San  Gabriel  above  Junction  irith  West 

Fork,  I^)n  Angeles  County,  Cal, 

*  I 

Date.  I  HydroKrapher.  ^   chSS^e. 


i'vc-fcet, 

An^ust  28, 1808 J.  B.  Lippimott    .         7.11 


Disrharge  measurement  of  San  Gabriel  IiitH>i'  at  Junction  of  East  and  West  forks. 


I 


Date.  I  Hydrographer.  ■   ^^^^e. 


I  Sec-feet. 

ViiKU«t  2:M89H. .    .    ...    J.  B.  Lippincott . 9.78 

D<> do aS.42 


Loss -.  - ,         1.36 


"  San  Qabriel  River  at  headworks  of  San  Gabriel  Power  Company. 

Di^chttTfje  measurement  of  Cattle  Canyon  above  Coldwater^  San  Gabriel  River, 

Los  Angeles  County,  Cal, 


Date.  I  HydroKrapher. 


Di8- 
cliargre. 


I  Sfc.-feet. 
April,  19()0--    J.  B.  Lippincott  et  al ...  0.82 


Discharge  measurements  of  San  Gabriel  River  at  various  jmints  in  vxitershed 

below  El  Monte  Narrows. 


Din- 
Date.  I       Hydrographer.         charge.  '  Locality. 


Sec. -feet.    • 

July      3,1898     F.  H.  Olmsted  .. .       2.52     Whittier  ditc^h,  El  Monte  road  cross- 
ing. 

Do  _  - do 9. 06  Temple  ditch,  left  of  Narrows  flame. 

Do do    *  8. 79  Baldwin  ranch  honse  road. 

Do  _  - -do 6. 18  Original  river  channel. 

Do -do 3.36  Campers  station. 

Do do 1.22  ,  Puente  ditch:  50  jwr  c«nt  of  nsnal 

'  head  in  ditx^h. 

Do do 29.  70  '  Old  mission  bridge  (Rio  Hondo). 


Total 60.92 
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Discharye  meoHurements  of  San  Gabriel  River  at  various  pcnnts  in  water^ed. 


1 


Date. 

1897. 
Dec.      5 

1900. 
Ang.     7 

Aug.     7 

Aug.     7 


Hydrographer. 


Looality. 


I  A  rea  of        Mean 
I  section.     Telocity. 


cfatfgf 


Sq.  /ret.    Ft.per»er:  Ser.-tffi. 


J.  B.  Lippincott 


S.  G.  Bennett 


do 


Aug. 

t 

Aug. 

m,      1 
i 

Aug. 

Aug. 

1        '            

Aug. 

7    

do 

do 
do 
do 
do 
do 


.( 


I 


Aug.     8  ' 

Aug.     8  I 

I 

Aug.  8  I 
Aug."  8  I 
Aug.  8  I 
Sept.  17  I 

1 

Sept.  17  I 
Sept.  18  I 

Sept.  19 

Sept.  19 
Sept.  20 
Sept.  20 


.     -do 

.    -do .. 

do 

_      do 

W.  W.  Cockins 

do 

do  


San  Qabriel  River.  Los  j . . 
Angeles  and  Whittier 
roa^  bridge. 

East  Whittier  ditch  at 
£1  Monte  road  cross- 
ing. 

Killion's  pumping 
plant,  4  wells  near 
EI  Monte. 

Cameron  or  Sheep 
Creek  ditch. 

Rincon  ditch 

Old  Temple  ditch 

Cate  ditch,  near  head . . 

Standif  er  ditch 

Banta  ditch 


.do 


do 


Total,  San  Gabriel 
River  at  intake  of 
Standifer  and  Banta 
ditches. 

Rodriguez  ditch,  near 
Old  Mission. 

Rio  Honda  or  Old  San 
Gabriel,  under  Mis- 
sion bridge. 

Arroyo  ditch 

Little  Lake 

«  Agricultural  ditch  . . . 

Bradbury  ranch.  Santa 
Anita,  and  Rose  ave- 
nues. 

San  Gabriel  Sanitari- 
um tunnel. 

W.  A.  Highland,  Rose 
avenue.  Lamanda 
Park. 

Chapman  ranch.  2 
wells  pumped;  1  ar- 
tesian well. 


I 


- Chapman    ranch,    4 

wells  pumped. 

do Chapman  ranch,  natu- 
ral flow  of  ci^naga. 

do Chapman  ranch  dairy  . 


Chapman  ranch,  total . 

"San  Oabr;<*l  Riv«»r  dry  bslow  this  point. 


5.76 


.53 


4.08       1.4 


i  t' 


1.38 


106 


71 


10.^2 


9.62 

.2.> 

•j.-lfi 

1.99 

1.24 

t\: 

1.22 

.98 

13* 

9.47 

.02 

s.:: 

9.:U 

1 .  557 

U.*ifi 

11.45 

1.:^ 

l.VU 

I 
1.2<) 

1 
1.67 

ion 

31.42  ' 

.74 

«.:> 

11.9C)  i 

i.m 

il.•^ 

.60 

.:n 

*4 


l.B' 


3."^' 
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Discharge  measuremertts  of  San  Gabriel  Rifer,  etc. — Continued. 


r>ate. 


Eydrogr&pher. 


1900. 

I 

Sept.   20  I  W.W.Cockins 


Locality. 


Area  of       Mean 
section.  :  velocity. 


-.1 


Sept.   20  I do 


Alhambra  Water  Co., 
weir  No.  1. 

Alhambra  Water  Co., 
weir  No.  2. 

Total 


Sq.  feet.    Ft.percec. 


Sept. 

24 

. .  _  -_do 

Sept. 

24 

.    do 

Sept. 

24 

do 

Sept. 

18 

do 

Sept. 

24 

do 

Sept.  21 

! 

Sept.  21 
Sept.   13 


do 

do 
do 


Sept.   13 


Sept.  13 
Sept.   18 


do  .. 


do 


do 


Sept.  13    ..       do 

Sept.  14    do 

Sept.  14  i do 

-  I 

Sept.  14  "...     do 

Sept.  14    do 

Sept.  17    do 


Santa  Anita   Canyon, 
natural  flow. 

Sierra    Madre    Water 
Co.  (weir). 

Remamettes   east  of 
Sierra  Madre. 

Monrovia  Water  Co.. 
8  wells  pumped. 

Monrovia  Canyon ^  to 
Monrovia  Water  Co. 

(weirs). 

To  Bradbury 

Total- 


0.12 


0.75 


Duarte  Mutual  Im- 
provement and  Ca- 
nal Co. 

Beardsley  Water  Co .  _ 

Morengo  Water  Co. 
Southern  Pacific 
Co.  *8  Garfield  station 
(weir). 

Morengo  Water  Co.'s 
weir  in  Morengo 
Canyon  (weir).  t 

Los  Robles  Water  Co . "  s  ' . 
reservoir  (weir).         ! 

Reservoir  at  junction  |. 
of  Glenarm  and  Los 
Robles  avenues,  Pas- 
adena (weir). 

Graves  &  Bean  tunnel.     2.06 

Brick  kiln  between  ! . 

Molino  and  Hope  \ 
streets,  Pasadena.       ; 


Dis- 
charge. 


ilec-feet. 
2.58 

.34 
2.92 

.145 
.09 
3.24 

.428 
.116 

.78 

.44 
1.82 


.46 

.31 
.068 


5. 34 


Oak  Knoll  Park,  Pasa- 
dena. 

Patt(m  tunnel,  near 
Kewen  Lake. 

Patton's  east  canyon  .,. 

Patton's  east  canyon, 
natural  flow;  pump 
not  running. 


.096 


.04 
.  36 


<   I 


3. 53 

3.  SO 

1.70 
1.03 


1.10 
.02 

.34 

.18 

1.48 
.37 
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Discharge  ineoHurements  of  San  Gabriel  Rhn^r,  etc. — Continnetl. 


Date. 


Hydrofirrapher. 


1900. 
Sept.   17     W.W.Cocrkina 


Sept.  14 

Sept.  14 

Sept.  15 

Sept.  15 

Sept,  15 

Sept.  15 

Sept.  15 


-do 

do 

.do 

-do 

do 
do 

do 


Ijot'ality. 


Mission  ditch,  Patton 
ranch. 

Winston  ranch _  _ 

Shorbes  ranch  (weir) . . 

Y  oak  ham's  ranch 
(weir). 

Robert  LiddeLSan  Pas- 
qual  and  Shorb  ( weir) . 

R.  W.  Scoville  (weir)  . 

Mrs.  Black,  San  Pas- 
qnal  and  Craig  streets 

(weir). 

Morningside  ranch 
(weir). 


Area  of    ,      M«an     I      I>i» 
Heetian.      velocity.  1  rhanr*- 


St2.  ft  et.     F^.prr^rJ^  Sr^.-f^-* 

*        u.;>' 


0.60 


0.93 


.12 


Sept.  27 


do 


Sept.  27  I  Irwin  F.  Daniels 


Sept.  27  . 

.  do 

Sept.  27 

do 

Sept.  27 

do 

Sept.  27  ; 

do 

Sept.  27  1 

do 

1 
Sept.  27 

do 

Sept.  27 

do 

Sept.  27 

do 

Sept.  27 

.do 

Sept.  27 

-do 

Sept.  27 

-do 

Sept.  27 
Sept.  27 


Sept.  27 


.do 


do 


..do 


Glendora.  Aznsa  Irri- 
gation Co. : 

Massey  well 

Paine  well _ . 

Total 

Wells   in  San  Diemas 
wa.sh: 

Daty  &  Sons 

San  Diemas  Irriga- 
tion Co.,  F.  D, 
Smith  well 

Thacker  well 

Smith  well  (pri- 
vate). 

Chapman  well 

Rnddock  well 

Artesian  Belt  Co. , 
2  wells. 

Aznsa  city  well 

Walker's  well 


Citizens'  Water  Co. 
(Covina). 

Covina  plant.  Dea- 
con well. 

Natural  flow,  San 
Diemas  Canyon. 

Spark's  well . 


Total 


1.."- 


;.^' 


I.-'" 


:• 

H 

1' 


11 


W 


> 
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Discharge  meamirements  of  San  Gabriel  Rirer  at  trelljt  on  Loriialmrg  Mesa, 


Date. 


Hydrographer. 


Locality. 


Arearf 
section. 


Mean 
velocity. 


f«  • 


Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 

Sept.  27 


Irwin  F.  Daniels 
do  .-  


Richards,  4  wells 

Snmner 

do Sheldon  Bros 

do I  La  Verne    Land    and 

Water  Co. 

do Rodgers 

do  . . .    I  Tme  (5  days  in  30)  ... 

do    . .    !  Rodney  Soper 

I 
do '  Hayes  &  Stratton 

do  . . Wallace 


Sq.ffet.  .Ft.pr,»ec. 


do 
do 
do 
do 
do 


Mnllard 

Douglas  &  McQnilly 

Norris 

Williams  Bros 


..do 
-do 

..do 
.do 

..do 

.-do 


Knlp     (intermittent), 
south  of  Mesa  avenue. 


D.  Fulton 

Steves 

Daniels  &  Overholtzer. 

Massey ,  2  wells 

Hauser  Bros. 

Moorwaw  &  Son 

do  - -    Sleider 

do '  Rutherford  &  Co 

do New  Deal  Water  Co . . . 

do '  Riser — 


Total 


Dis- 
charge. 


Sec-feet. 

1.52 

.48 

.30 

.70 

.10 
.16 
.24 
.20 
.16 
.30 
.76 
.30 
.80 
.20 

.50 
.20 
1.34 
.54 
.76 
.50 
.88 
.40 
.40 
.90 

12.64 
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Estimated  monthly  (Um'harge  of  San  Gabriel  River  at  Aztisa,  Los  Anjgelem  V*>fuAi 

[Drainage  area,  tti  square  milee.] 


Discharge. 

t 

BoB-off. 

Month. 

Mazimam. 

Minimam. 

Mean. 

Total  dis- 
chaiv^^- 

Per 

aqnare 
mile. 

I.p-L 

1894. 

Src.-feet. 

Sec'/eei. 

Sec-feet. 

Acre-f^ei. 

St^.-fet-t. 

Imfk-t 

May 

50 
27 
17 

27 
9 

32 

23 
12 

1,968 

1,369 

738 

0.14 
.10 

o.>- 

Jnne .         

.11 

July 

A* 

August  .  - 

27 

10 

14 

861 

.06 

• 

.M 

Septemlx^r 

23 

13 

15 

893 

.07 

.1^ 

October 

16 

13 

14 

861 

.06 

.'!" 

November  1  to  15  

14 

13 

13 

5^7 

.06 

Jl 

1895. 

August  8  to  31 

47 

38 

42 

1,999 

.19 

.1. 

September 

39 

29 

32 

1,904 

.14 

.Y 

Octolier 

32 

27 

29 

1.7S8 

.13 

.!-• 

November 

50 
45 

_      

29 
37 

40 
42 

2,3t>0 
2.582 

.18 
.19 

.3 

December 

<M 

1896. 

January 

25 

0 

11 

676 

0.  05 

0.'^ 

Febniary  ...   _ 

28 

3 

12 

690 

.05 

.« 

March 

134 

27 

75 

4,612 

.34 

.::? 

April  . 

46 

0 

11 

655 

.05 

.«•■ 

May 

0 

0 

0 

0 

0 

»• 

June  . . 

0 

0 

0 

0 

0 

li 

July 

0 

0 

0 

0 

0 

1 

August-  .- 

0 

0 

0 

0 

0 

K 

SepteinlK^r 

0 

0 

0 

0 

0 

%' 

Octol)er  . .   

177 

0 

12 

738 

.ai 

j4 

November 

16 

0 

3 

179 

.01 

\t\ 

December    

12 

177 

0 
0 

2 

11 

123 

.01 
.05 

f\ 

The  year 

7,673 

A'- 

Note.— During  the  summer  months  all  this  water  is  diverted  by  the  canals.  For  ll94  ond  \^ 
the  above  tahle  is  for  the  total  discharge  from  the  drainage  basin.  Subsequent  to  1HB6  tbetsl'-^ 
showH  the  Heparate  flow  in  river  and  canals,  except  where  combined  and  so  stiite«L 
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Eatitnated  monthly  discharge  of  San  Oabriel  River  at  Azusa,  etc. — Ck>ntmned. 


Month. 


1897. 

Fauuary 

^'ebrnary 

tfareh     

\.pril 

Jlay 

Inne 

July 

Angnst  - 

•5epteinlier  ... 

^k'tolier - 

N'ovemlier  - . . . 
Dei-ember 


The  year 

1808. 

January 

February  _.     . 

March  _ 

April 

May 

Jnne 

July 

Angnst 

September 

October 

November  .... 
Det*eml>er 

The  year 


Discharge. 


I 


Maximum. 


130 

1,710 

l,76o 

345 

141 

28 

0 

0 

0 

1,600 

15 

5 


1,765 


31 
41 
1 
0 
63 
0 
0 
0 
0 
0 
0 
0 

63 


Minixnum. 


Stfc.-feet. 
5 
46 
275 
141 
28 
.2 
0 
0 
0 
0 
.4 
3.0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 


Mean. 


Sec.'/eet. 

40 

332 

448 

259 

82 

5 

0 

0 

0 


72 


8 
4 


0     104 


14 
11 

0.03 
0 


4.5 


0 
0 
0 
0 
0 
0 
0 


Run-off. 


Total  dis- 
charge. 


Per 

square 

mile. 


AfTe-feet. 

2,484 

18,420 

27, 572 

15,417 

5,042 

274 

0 

0 

0 

4,458 

475 

221 


2.5 


863 
622 
2 
0 
277 
0 
0 
0 
0 
0 
0 
0 

1,764 


Sec-feet. 

0.181 

1.494 

2.020 

1.166 

.369 

.021 

0 

0 

0 

.322 

.036 

.016 


74, 302         .  469 


0.06 
.05 
0 
0 
.02 
0 
0 
0 
0 
0 
0 
0 

.01 


Depth. 


Inchet. 

0.201 

1.555 

2.829 

1.301 

.420 

.024 

.000 

.000 

.000 

.372 

.040 

:oi8 


0.260 


0.07 
.05 
0 
0 
.02 
0 
0 
0 
0 
0 
0 
0 

.14 
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Estimated  monthly  discharge  of  San  Gabriel  River  at  Azu^a,  etc. — Contiiiiie<l 


Month. 


Discharge. 


I 


1890. 

January  

February 

March 

April 

May 

Jnne 

July--  - 

AnguBt 

September  . . . . 

October 

November 
December  . . .   . 

The  year 

19(M). 

January  

February  

March 

April 

May  - 

June  - 

July. 

August 

September 

October 

November 

Decemlier 

The  year 


Mazimnm. 


Hec.-feet. 
16 
0 
0 
0 
0 

0 
0 
0 
0 
13 
0 
0 

16 


Minimam.      Mean. 


!Wc.-feei.    I  Sec-feet. 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 


1.3 
0 
0 
0 
0 
0 
0 
0 
0 
.42 
0 
0 


.13 


49 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

38 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5,168 

0 

173 

0 

0 

0 

5. 168 

0 

15 

Rnn-off. 


Total  dia^ 
chars^e. 


Pfer 

nqnam 

mile. 


D^th 


Acre-feet. 

Sec.  feet 

74 

0.(W5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

36 

(ijm 

0 

0 

0 

0 

100 


123 
0 
0 
0 

123 
0 
0 
0 
0 
0 
10.2:r» 
0 

lU  481 


.007 

O.Ol 
0 
0 
0 
.01 
I) 


0 
0 
0 
0 


0  r: 
II 

.07 


O.lfti 

I 
Ci 


(I 


rt.ri! 

i) 
ft 

.01 

('i 
fi 

0 
rt 
(i 

II 
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Estimated  monthly  discharge  of  San  Oabriel  River  at  Aziiaa,  etc. — Continued. 


Month. 


1901. 

annary 

'ebmary  .   . . . 

f  arch 

Lpril  .  - .    

fay -  - 

nne 

uly  ....    

Ln^cnst  -  - 

leptember 

)ctober 

November 

)e<'eniber 

The  year 

1902. 

antiary 

Vbmary 

f arch  ... 

Lpril - 

fay 

nne 

nly 

lugnat 

lept<»inher  .... 

)ctober 

November 

)e<*ember  .... 

The  year 


Diflcfaarfce. 
Maximnm.    Minimum. 

Mean. 

Total  di». 
charge. 

Run-off. 

Per 

square 

mile. 

Depth. 

■     Sec-feet. 

Sec-feet. 

Sec-feet. 

Acre-feet. 

Sec-feet. 

Inches. 

1,450 

0 

Ill 

6,825 

0. 50 

0.58 

2,600 

70 

613 

34,044 

2.76 

2.87 

870 

80 

158 

9, 715 

.71 

.82 

75 

18 

43 

2, 559 

.19 

.21 

200 

18 

55 

3,382 

.25 

.29 

27 

0 

It 
i 

417 

.03 

.03 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

70 

0 

3 

184 

.01 

.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

• 

2,600 

0 

83 

57,126 

.37 

4.81 

0 

0 

0 

0 

57 

0 

3 

167 

MWW—        —       —        -- 

318 

4 

38 

2, 337 

37 

0 

7 

417 



0 

0 

0 

0 

—    .    .          -          _   _ 

0 

0 

0 

0 

-.-■.•« 

0 

0 

0 

0 

. . 

0 

0 

0 

0 

_     .          .    . 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 
0 

0 
0 

0 

318 

4 

2,921 

1 
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[TO 


Estimated  monthly  discharge  of  San  Gabriel  canals  at  A:nisa^  IjOs  AngelPtCouhU 

[Drainac^  area,  SEB2  square  mUes.] 


Montli. 


1896. 

January 

February 

March      

April  

May 

June    

Jnly 

August  .  .     .- 
Sept<'inlier 
October  ... 

NoveinlK'r 

Dec^mlier 


The  year 

1897. 

January 

February     

March      ...   . 

April 

May 
Jun.^ 

Ju'y 

Au^yuKt 

September    . . . 

October 

November 

December 


Discharge. 


Mazlmam.  i  Minimiim.  I    Mean. 


Buhoff. 


Total  di»- 
eharge. 


Per 

square 

mile. 


D^h 


fiec.-feet. 

26 
34 
43 
45 
42 
27 
15 
86 
19 
17 
24 
25 

45 


Sec.-feet.    \  Sec. 'feet.       Acre-feet.     'Sec.-feet.     btdka. 


The  year 


22 
20 
21 
60 
68 
71 
52 
34 
23 
26 
29 
29 

71  ! 


26  I 
26  I 

35  I 
40  . 

29' 

I 

13 

I 

9  ; 

9 

I 

11 

10  , 


13 
8 
0 
15 
55 
54 
27 
22 
18 
10 
16 
25 


26 

30 
36 
43 
36 
19 
12 
14 
13 
11 


15  ,     17 
18  ,     20 


0  '     23 


17.56 

13.10 

17.14 

35. 80 

62.97 

63.20  ' 

38.13  ! 

26.45 

20.66 

18.03 

23.30 

26.84 


0  I    30.20 


1,599 

1,726 

2,214 

2, 559 

2.214 

1,181 

738 

861 

774 

676 

1,012 

1,230 

16.734 


1 


1.072 
726 
l.a51  i 
2,102 
3,810 
8,759 
2,343 
1,613 
1,226 
1,106 
1,885 
1,648 


21,881 


0.12 
.14 
.16 
.19 
.16 
.09 

.m 

.06 
.06 
.05 
.OS 
.09 

.10 


0.079 
.059 
.077 
.159 
.284 
.285 
.171 
.118 
.  Ow 
.081 
.105 
.121 


o.u 

.11 
1^ 


1" 


1' 
.r    ; 


.136 


r 


1* 

1  % 
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^Ktimated  monthly  discharge  of  San  Oahriel  canals  at  Azusa^  etc. — Continued. 


Month. 


1898. 

anoary 

•'ebruarv 

lilarch 

Vpril 

tfay 

fnne 

rnly... 

Vngnst 

September  .  _ . . 

')ctober . . 

?ioveniher 

[)ecember    -  _    - 

The  year 

1899. 

Jannary 

February  ...    . 

March 

A.pril     

Mav 

June 

July . 

August - 

September  .    .. 

October  .   . 

November  _ . . . 
December 

The  year 


Diacharge. 


Maximum. 


Sec.-fett. 
82 
34 
48 
37 
45 
30 
14 
9 
10 
10 
11 
18 

48 


Minimum. 


33  . 

27 

40 

28 

17 

22 

4 

6 

6 
26 
24 
39 


40 


Mean. 


Sec-feet. 

23 

10 

28 

25.3 

20.0 

14.5 
9.0 
5.0 
6.1 
7.5 
8.0 

11.7 

5.0 


15 

20 

18 

16 

12 

5 

8 

4 

8 

4 

10 

16 

8 


Sec-feet. 
26 
29 
35 
33 
32 
19 
11 

7 

8 

9 
10 
14 


19.4 


21.8 

22.0 

26.0 

21.0 

14.0 

10.0 

4.0 

5.0 

4.0 

11.1 

14.0 

20.0 


14.4 


Run-oif. 


Total  dis- 
charge. 


Per 

square 

miile. 


Depth. 


Acre-feet. 

Sec-feet. 

Inches. 

1,591 

0.12 

0.14 

1,618 

.13 

.14 

2,129 

.16 

.18 

1,950 

.15 

.17 

1,947 

.14 

.16 

1,150 

.09 

.10 

672 

.05 

.06 

456 

.03 

.03 

467 

.     .04 

.04 

538 

.04 

.04 

580 

.04 

.04 

832 

.06 

.07 

13,934         .09 


10,889  ;       .065 


1.17 


1,340 

0.098 

0.115 

1,244 

.102 

.106 

1,628 

.119 

.137 

1,262 

.096 

.107 

842 

.062 

.•71 

565 

.043 

.048 

221 

.016 

.018 

295 

.022 

.025 

220 

.019 

.021 

688 

.050 

.058 

847 

.064 

.071 

1,247 

.091 

.105 

.882 
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>• 


FMimatt'd  monthly  discharge  of  San  Gabriel  mnals  at  Azniga^  etc—Omxin^i 


Month. 


1900. 

January . 

February    

March 

April 

May 

June 

July  -  - .     

August  .       -   . 
September 

October  _ 

November. 

December  1  to  16. 

The  year . . 


1901. 

January  . . 

February  . .   . 

March      . .    . 

April  . 

May  - . 

June  - .       -   . 

July 

August 

September  .. 

i   October 

'  Noveml)er 

December 


Maximum. 

Src.-fert. 
50 
23 
80 
26 
56 
22 
10 


5 


Dis(*liarge. 


Minimum.      Mean 


Total  dis- 
charge. 


The  year 


6 

6 

55 

53 

55 


90 
70 
70 
84 


7*>  ! 


66  I 
27  I 

20  ! 

64 
50 
30 

90  ! 


Sec-feet. 

22 

18 

16 

13 

16 

8 

4 

4 

3 

4 


5 


Sec 


31 


3  I 


0 


«jn 


55 
59 
41  ' 

15 

15  ' 

I 

0  i 
29  I 

26 ; 

I 

0  ' 


•feet. 
30 
20 
20 
17 

a5 

15 
6 
4 
4 

^ 

o 
14 
40 

18 


58 
67 
63 
67 
66 
56 
30 
20 


Ban^f 


Per 

square      Ifcr* 
mile. 


Arre-fert.       Ser.-ftri.     /» *» 


1,845 
1,111 

1,230 

1,012 

2, 152  i 

893 

369 

246 

288 

307 

833 

1,260 


11,505 


3,566 
3,721  ' 
3, 874 
3,987 
4,058  ' 
3,332 
1,845 
1,230  1 


17 

1,012 

21 

1,291 

32 

1,904 

27 

1,660 

44 

31.480 

0.14 

-Oil 

.09 
.05* 
.16 
.07 
.03 
.02 
.02 
.02 
.06 
.18 


0.28 
.30 
.28 
.3l> 
.30 


25 


.14 
.09 
.08 
.09 
.14 
.12 

.20 


;  1 
h 

r    • 


•»  <k: 
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Estimated  monthly  ditscharge  of  San  Gabriel  canals  at  Azusa,  etc. — Continned. 


Month. 


Discharge. 


Majcimum. 


Minimum. 


1902. 

rannary 

Febmary 

&f  arch 

A.pril  .    _ 

May 

Tune  - 

July _ 

August  _ 

September  .  _ . 

October 

N^oveinber 

December  . .  . . 


Sec-feet. 

Sec-feet. 

51 

24 

68 

27 

62 

55 

62 

46 

48 

30 

29.5 

13.5 

17 

7.5 

8.5 

6 

6 

4.5 

10.5 

5.5 

62 

7.5 

68 

16 

Total  dis- 
charge. 


The  year 


68 


4.5 


Bnn-off. 


Per 

square 

mile. 


Depth. 


1  Sec-feet. 

1 

Inche3. 

1 
1 

1 

1 

! 

1 

1 

1 

i_.. 1 

1     -        --I--.. 

Eittimated  monthly  discharge  of  San  Oahriel  River  and  canals  at  Azusa,  Los 

Angeles  County. 

[Drainage  area,  Wt  sqnare  mileH.] 


Discharge. 


Month. 


1896. 

January  . 

February 

March 

April 

May 

Jime 

July 

August 

September 

October 

November 

December 

'Hie  vear 


Maximum. 


Sec. -feet. 

51 
61 
169 
91 
40 


Minimum. 


Sec-feet.      Sec-feet. 


Mean. 


Run-olf. 


26 
86 
37 
40 
29 


37  I 

41  - 

I 

111  I 
54  i 
36 


27 

13 

19 

15 

9 

12 

36 

9 

14 

19 

11 

13 

188 

10 

24 

40 

15 

19 

37 

17 

22 

188 

- 

9 

84 

Total  dis- 
charge. 

Per 

square 

mile. 

Depth. 

Acre-feet. 

Sec-feet. 

Inches. 

2, 275 

0.17 

0.20 

2,358 

.18 

.19 

6,825 

.50 

.58 

3,213 

.24 

.27 

2,214 

.16 

.18 

1,131 

.09 

.10 

788  ' 

.05 

.06 

861 

.06 

.07 

774 

.06 

.07 

1,476 

.11 

.13 

1,131 

.09 

.10 

1,368 

.10 

.12 

24,349 


.15  i 


2.07 
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Entimnted  monthly  (Uncharge  (f  Sa:i  Gaiyrid  River  and  canals  at  AzwnJ- 

A  n  gelcH  Cou  n  1 7 — C  m tinned . 


Month. 


1897. 
Jannary  ...   . . 

Febmary 

March 

April 

May 

June  -    .  - - 

Jnly 

Angnst  -  - 

September    . . . 
October  .     .   . . 

November   

December 

The  year 

1898. 

Jannary 

Febmary  ...    . 

March  .      

April 

May      ...   

Jnne 

Jnly.     

Angust     .    . 
September  _    . 

October 

November 

December 

The  year 


Discharge. 


Maximum.    Minimnm.  I    Mean. 


Src.-f^  t.        Sec.-feet.      Sfc.-fret. 


I    Total  dis- 
I      charge. 


147 

1,713 

1,7«5 

370 

196 

91 

52 

34 

33 

1.640 

34 

1,765 

63 
iO 
48 
37 
83 
30 
14 
9 
10 
10 
11 
18 


I 


'rn  I 


25 
64 
294 
201 
94 
54 
27 


18 
22 
31 

28 


18 

28 

32 

28 

25.3 

25.0 

14.5 
9.0 
5.0 
6.1 
7.5 
8.0 

11.7 


83 


5.0 


57. 9 

344.8 

465.6 

294.4 

145.0 

67.8 

38.1 

26.4 

20.7 

90.5 

33.3 

30.5 

134.6 


40 

40 

35 

33 

36 

19 

11 

7 

8 

9 

10 

14 

22 


ArrC'/erf. 

3,617 
19.146 

28,  mii 

17.519 
8,851 
4,033 
2.343 
1.613 
1,226 
5,564 
1,860 
1,875 

96,270 


Bim-«iff. 


Per 
square      IH/:i 
mUe. 


Ser./rrt. 
O.S60 
1.553 
2.097 
1.325 
.653 
.306 
.171 
.118 
.088 
.403 
.141 
.137 

.604 


.iv: 
.:4? 


2,4.53 

0.18 

ii.e» 

2,241 

.18  , 

.IS 

2,131 

.16 

•  * 

1.950 

.15 

.1: 

2,223 

.16 

.:.' 

1,159 

.09 

^  ii 

672 

.05 

.* 

456 

.03 

iM 

467 

.04 

.It 

533 

.04  ' 

.11" 

580 

.04 

.i^ 

832 

.06 

.tC 

15,697         .10    ,      1>4 
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Estimated  vionthly  discharge  of  San  Gabriel  River  arui  canals  at  Azusa,  Los 

Angeles  County — Continued. 


Month. 


1899. 

anoary 

'ebruary  .  .-. 

[arch 

Lpril 

lay 

une 

nly 

.Qgust 

eptember  _ .  - 

•ctober . . 

Fovember  . . . 
tecember 


The  year 


1900. 

anaary 

ebruary 

[arch  . 

.pril  _  - 

[ay 

une    - 

aly 

.ngust 

ppteml)er 

ftober 

'oveinl)er 

December  1  to  16 

The  year  . . 


Diacbargre. 


Maziiatiin.    Minimum. 


Mean. 


Sec. -feet. 

33 

28 

40 

28 

17 

22 

4 

6 

6 

26 

24 

39 

40 


89 
23 
30 
26 
86 


2*> 


10 
5 
6 
6 


5, 200 


Sec-feet. 

15 

20 

18 

16 

12 

5 

3 

4 

3 

4 

10 

16 


Sec 


5,200 


22 

18 

16 

13 

16 

8 

4 

4 

3 

4 

5 

31 

3 


I 


-feet. 
23 


22 


21 
14 
10 


5 


4 
11 
14 
20 


32 

20 

20 

17 

37 

15 

6 

4 

4 

5 

186 

^0 

32 


Rnn-off. 


Total  dis- 
charsre- 


Per      I 
square   i  I>eptb. 
mile.    ' 


Acre-feet. 

1,414 

1,244 

1,623 

1,262 

842 

565 

221 

295 

220 

709 

847 

1,JJ47 

10, 489 


1,968 

1,111 

1,230 

1,012 

2, 275 

893 

369 

246 

238 

307 

11,068 

1,269 

21,986 


Sec-feet. ' 
0. 104  ' 
.102  I 
.119  ' 
.096  I 
.062  ' 
.043  ' 
.016 
.022  , 
.019 
.050 
.064 
.091 


4 


.065 


Inches. 

0.120 
.106 
.137 
.107 
.071 
.048 
.018 
.025 
.021 
.058 
.071 
.105 

.887 


0.14 

0.16 

.09 

.09 

.09 

.10 

.08 

.09 

.17 

.20 

.07 

1 

.08 

.03 

.03 

.02 

.02 

.02 

.02 

'       .02 

.02 

.84 

.93 

,      .18 

.11 

.15 

1.85 

IRR  81—0:3- 


-17 
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Estimated  monthly  discharge  of  San  Gabriel  River  ajid  canals  at  Aziaa.b 

Angeles  County — Continned. 


Mont^. 


Discharire. 


Ran-<iff 


Maximam. ,  Minimum.      Mean. 


Total  dis- 
chsTge. 


Per 
mile. 


1901. 


January  .. 
February  . 

March 

April 

May 

June 

July - 

August  - . . 
September 
October  _ . . 
November 
December . 


The  year 

1902. 

January 

February  . . 

March _ . 

April 

May 

June   -- 

July  ..-- 

August . 

September 

October  

November 

December 


Sec-feet     '    Sec.-feet. 


1,450 

2,605 

440 

130 

272 

93 

41 

27 

20 

122 

50 

30 


2,005 


The  vear 


51 
120 
378 

99 

48 

29.5 

17 
8.5 
6 

10. 5 

80 

68 

878 


28 
187 
185 
95 
83 
41 
24 
15 
15 
15 
29 
26 


15 


24 
38 
63 
48 
30 
13.5 

7.5 

6 

4.5 

5.5 


7.5 


16 


4.5 


Sec-feet 

169 

680 

221 

110 

121 

63 

30 

20 

17  I 

24  I 

82  ' 

27  ! 


Acre-feet.      Sec-feet.    I^t 


10,391 
37,765 
18,589 
6,545 
7,440 
3,749 
1,845 
1,230 
1,012 
1,476 
1,904 
1,660 


126 


28 


37 


99 
66 
39 
20 
11 
t 
5 

4 

19 
32 

31 


88,606 

1,722 

2,055 

6,087 

3,927 

2,398 

1,190 

676 

430 

298 

430 

1,131 

1.968 


0.76 
3.06 
1.00 
.50 
.55 
.28 
.14 
.09 
.08 
.11 
.14 
.12 


.5i 


22.312 


0.13 
.17 
.45 
.30 
.17 
.09 
.05  • 
.03 
.(« 
.08 
.09 
.14 

.14 


.ifi- 


..*• 


u.  ' 


I.- 


PP1XCX>TT.] 
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SAN  GREQORIO  CREEK. 
Discharge  measurement  of  San  Oregorio  Creek,  San  Mateo  County. 


Date. 


Hydrographer 


1893.      ' 

3t.     17  I  W.W.  Brier 


Locality. 


One-third  mile  above  San  Gregorio. 


SAN  JOAQUIN  RIVER. 

The  headwater  tributaries  of  this  river  receive  the  drainage  from 
le  crests  of  the  Sierra  Nevada  north  of  Mount  Whitney.  The  fall 
'  the  river  is  rapid,  with  man}-  favorable  locations  for  power  devel- 
)ment,  and  in  one  case  advantage  has  been  taken  of  the  fall  on  the 
orth  Fork,  and  a  power  plant  constructed,  developing  electric  power 
Y  transmission  to  Fresno  and  Hanford,  Cal.  During  1809  a  second 
orage  reservoir  was  under  course  of  construction  on  the  North 
irk,  which  will  tend  further  to  regulate  the  flow  of  the  river.  No 
»rmanent  diversions  above  the  gaging  station  are  made,  but  the 
ater  is  extensively  used  below  f or  i  rrigation  purposes.  The  gage  rod 
the  station  was  established  by  the  Southern  Pacific  Railway  Company 
1879.  The  old  trestle  bridge  was  torn  down  by  the  railroad  company 
iring  1899  and  a  new  iron  structure  was  erected  in  its  place.  This 
*cessit«,ted  a  new  gage  rod,  which  was  set  to  the  datum  of  the  old 
ige  and  bolted  to  the  western  side  of  the  central  concrete  pier.  The 
mch  mark  is  a  nail  in  a  post  at  the  south  end  of  the  bridge  on  the 
est  side,  0.2  foot  above  the  ground  and  marked  "B.  M."  It  is  at 
I  elevation  of  24.12  feet  above  gage  datum.  The  channel  for  some 
stance  above  and  below  the  bridge  is  straight,  and  the  water  has  a 
liform  velocity.  The  right  bank  is  high,  rocky,  and  steep.  The 
k1  of  the  stream  is  of  sand  and  gravel. 

'scharge  measurements  of  San  Joaquin  River  at  Hemdon,  Fresno  County,  Cal, 


Date. 

1895. 
n.      9 
ar.    22 


Hydrographer. 


ay 

5 

me 

23 

ig. 

31 

rt. 

11 

3V. 

25 

pr.    13 
me  11 


ov.     2 


A.  P.  Davis  and  J.  B.  Lippincott 

J.  B.  Lippincott . . ... 3. 85 

do - 

do 

do 

do.   - 

..    ..do  


J.  A.  Vogleson 4. 1     1      2, 406 

J.  B.  Lippincott 9.33  '    15,942 

do I      2.75  424 


Gage 
height. 

Dis- 
charge. 

Feet. 

Sec-feet. 

4 

1,995 

3. 85 

1,938 

6.65 

7,419 

8.00 

11,225 

3.00 

677 

2.6 

382 

2.55 

270 

2«0 
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Discharge  measurements  of  San  Jixupiin  River  at  Hemdon,  etc. — Ct>iitiDn«I 


DaUv 


1S1I7. 


Hydro^rapher 


Feb.  14 

May  81 

Jnly  16 

Sept.  8 

Nov.  2 

Etec.  21 

1H98. 
Apr.  19 
May  30 
Jnly  28 
Sept.  2 
Dec.    20 

1899. 
Mar.  5 
Apr.  18 
May  13 
Jtme  2 
June  27 
Aug.  1 
Sept.    8 

1900. 
Feb.  2 
Apr.  3 
May  15 
June  18 
Ang.  9 
Sept.  1 
Sept.  28 
Dec.    30 

1901. 
Jan.  30 
Mar.  2 
Apr.  3 
July  31 
Oct.     16 


J.  B.  Lippincott 

do 

A.  Q.  Campl)ell. 

do  - 

do 

J.  B.  Lippincott 

J.  B.  Lippincott 

.   ...do 

do 

..  -do.  ..  .  . 
do 


J.  B.  Lippincott 
S.  G.  Bennett 
do      


do 
do 
do 
do 


J.  B.  Lippincott 
S.  a.  Bennett  . . 
do 


do 
do 
do 
.do 
do 


I 


S.  G.  Bennett 

do  .   

do 

do 

do 


1902. 
May    14     S.  G.  Bennett 
Sept.  11  1  L.  M.  Lawson 


Gmge 

cbutf 

Fr^t. 

Sr^  ./'•' 

3.5« 

IV 

8.60 

1".> 

4.5 

2.66 

2.92 

m      * 
1,. 

3.00 

f&Ji 

1 

'      5.42 

\.  !•*: 

4.58 

1  :•■ 

3 

f!.' 

2.52 

.1;^ 

2.5 

3.25 
6.34 

5.76 
4.90 
3.32 
2.67 

3.25 
4.66 
5.91 
5.67 
2.83 
2.50 
2.33 
3.33 

4 

6.8 
5 

5.67 
2.25 

7.35 


vr 

•■4 


4'V 


w 


fi.-r. 


>••• 


«« Gage  height  at  beginning,  6.75;  at  ending,  7.25 
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DiHcharge  measurevieiits  of  San  Joaquin  River ^  Frettno  County. 


Date. 


Hydrographer. 


1899. 

Sec-feet. 

5ept.     8 

1  «. 

G.  Bennett 

269 

1900. 

1 

Sept.  38 

S. 

G.  .Bennett 

188 

Sept.  28 

J. 

1 

S.  Eafitwood 

188 

1901. 

i 

Dvt.     16 

s. 

1 

G.  Bennett 

315 

19»X). 

1 

1 

1 

Auk.  31 

E. 

G.  Hamilton ' 

1 

31 

1902. 

Sept.  27 

S. 

G.  Bennett 

589 

Sept.     6 

E. 

T.  Perkins 

.7 

3ept.     7 

... 

..do 

342 

Sept.     7 

_  —   — 

._do._. 

3      1 

chax^re. 


Sept.  8 

Sept.  10 

Sept.  10 

Sept.  10 

Sept.  8 

Sept.  9 

Sept.  10 

Sept.  12 

Sept.  12 

Sept.  12 


L,cK'«l!l 


500  feet  alx>ve  Pollasky  Bridge. 


Do. 


At  Pollasky  Ford. 

South  Fork  at  Blanev  Meadows. 

Above  railroad  bridge    near  Lathrop, 
San  Joaquin  County. 

Granite    Creek    100    feet    below  sheep 
bridge. 

150  yards  below  junction  Jackass  Creek. 

Jackass  Creek  50  feet  above  junction 
with  San  Joaquin. 

Middle  Fork   100    yards    alK)ve    Miller 
Bridge. 

Mono  Creek  at  Trail  Crossing. 

South  Fork  at  Trail  Crossing. 

Big  Creek  at  dam  site  of  J.  S.  Eastwood. 

Pollasky. 

Canal  at  Reservoir,  North  Fork,  at  San 
Joaquin  power  house. 

San  Joaquin  Electric  Co.'s  powerhouse. 

Below  dam  at  Mendota. 

Miller  and  Lux  Canal  at  small  dam. 

Miller  and   Lux  canal  at  bridge  near 
dredger. 


2r)2 
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K»timaied  immihly  discharge  of  San  Joaquin  River  at  HamjttfntriUe,  Fr> 

County, 

[Drainage  area,  1,08?  square  miles.] 


Month. 


1H78.« 


November. 
Deoemlx^r . 


1879.« 

January     

February 

March  . 

April 

May    .   . . 

June 

July... 

August 

Septemlier    . . 

Octol)er 

November  .   . 
December.   .. 


The  year 


1880/* 


January  _ . 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October  . . . 
November 
December . 


Discharge. 


Maximum.    Minimum.  .    Mean. 


Total  di»- 
charj^. 


Ban<>ff. 


Per 
mile. 


Sec-feet. 


Sec-feet,    i  Sec-feet. 

I        330 

..J        410 


Acre-ft^t. 

19,636 
25,210 


Sec.-Jrft. 

0.20 


I  ■ 


25 


3, 010 

5, 420 

3,340 

8,560 

10, 030 

11,640 

4,460 

1,300 

480 

480 

420 

4,700 

11,640 


1,020 
2,360 
1,640  I 
15,580 
25, 000 
25,600 
14,650 
4,700  j 
840  ! 
480  1 
450  i 
6,730  ; 


Theyear 1      25,600 


370 

020 

1,300 

2.360 

2, 850 

4,200 

1,300 

550 

310 

260 

370 

700 


609 
1,276 
1,953 
3,849 

5. 302 
6,379  j 

2.303  ; 
786 
381 
373 
411 

1,140 


37,446 
70,86o   ■ 
120,085 
229,031 
326,007 
379,576 
141,606 
48.329 
22,671 
22, 935 
24,456   ' 
70.096 


260  :     2,063     1,493,103 


r-Q 


t  i 

770 

1,120 

1,300 

5, 420 

14,180 

3,350 

840 

550 

380 

370 

395 

370 


825 

942 

1.229 

4,846 

13, 170 

18.120 

8,010 

1,730 

734 

380 
2,001 


50,  727 

54,184 

75. 568 

288,  357 

809.  792 

1,078,214 

492,516 

106,374 

43, 676 

25, 948 

22,612 

123,037 


0. 37 

.78 

1.19 

2.:15 

3. 24 

3.91) 

1.41 

.4^ 

.2:? 

.23 

.25 

.7i» 

1.26 

O.50 

.57 

.75 

2.96 

8.a5 

11.07 

4.89 

l.<^ 

.45 

.26 

.33 
1   00 


4,367     3,171,005 


2.67 


1: 


\A 


.*- 


a  Authority,  California  State  enKiueering  de))artment. 
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Estimated  monthly  discharge  of  San  Joaquin  River  at  Hamptonville,  Fresno 

Coun  ty — Continned. 


Month. 


1881.« 

faiiiiary 

Febmary 

tfarch 

April  -  -  _ 

Slay 

Time 

Inly  --- 

August 

September 

Dctober 

November 

December 


The  year  _ 


1882.  a 


January  

February  ... 

March 

April 

May  _ 

June 

July  _ 

August 

September  ^. 

October  ft 

November  ^ . 
December  ^  . 


The  year 


Discharge. 


Maxixnom. 


Sec-feet. 

59,800 

22,450 

6,570 

13, 250 

16,500 

9,230 

5, 180 

1,640 

760 

490 

530 

2,740 


59,800 


330 

520 

3,890 

7,360 

12, 860 

18, 980 

6,900 

1,630 


Minimum. 


Sec-feet. 

1,024 

2,440 

2,440 

5,900 

5,900 

4,300 

2,200 

760 

490 

430 

880 

340 


340 


290 

280 

340 

2,540 

7,360 

4,280 

700 

450 


Mean. 


Sec-feet. 

3,856 

6,340 

2,855 

8,008 

9,095 

5,948 

3,064 

1,260 

584 

463 

461 

632 


303 

330 

1,522 

3,409 

8,850 

7,867 

2,918 

591 

240 

564 

490 

320 


Total  dis- 
charge. 


Acre-feet. 

237, 096 

352, 106 

175,547 

476, 509 

559,230 

353,931 

..188,398 

77, 474 

34, 750 

28,469 

27, 431 

38,860 


3, 547     2, 549, 801 


18, 631 

18, 327 

93, 584 

202, 849 

544, 165 

468, 119 

179, 421 

86,339 

14, 281 

34, 679 

29, 157 

19,676 


2,370     1,659,228 


Run-off 


Per 

square 

mile. 


Sec. -feet. 

2.35 

8.87 

1.74 

4.89 

5.56 

3.63 

1.87 

.77 

.36 

.28 

.28 

.39 


2.17 


0.19 
.20  ' 
.93 

2.08 

5.41 

4.81 

1.78 
.36 
.15 
.34 
.30 
.20 


1.40 


Depth. 


Inches. 

2.71 

4.03 

2.01 

5.45 

6.41 

4.05 

2.16 

.89 

.40 

.32 

.31 

.45 

29.19 


0.22 

.21 

1.07 

2.32 

6.23 

5.36 

2.05 

.42 

.17 

.39 

.33 

.23 


19.00 


a  Authority,  California  State  engineering  department. 

fr  Estimated  from  previous  measurements  and  neighboriuir  streams. 
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Estimated  monthly  discharge  of  San  Joaquin  River  at  HamjyfnnrUle.  Fr*:Mft' 

Coun  ty — Continued. 


Month. 


Dlflcharge. 


Maximum,  i  Minimum. 


Ban-off. 


Mean. 


Total  dis 
eharcre. 


1883. «  Sec-feet.    .    Sec.feet.    \Sec.-/eet. 

Jannary* i 320 

February'* ,  320 

March'>   [ |  1,150 

Aprilfe 1 2.130 

May** , ' 7,370 


June'' 

July '' 

August''  ... 
Septeml)er '' 
October  '> . . . 
Noveml)er '' 
December''. 


6.220 
1,470 
490 
410 
330 
250 
250 


Acre-feet. 
19,676 
17.771 
70,711 
128,744 
453, 164 
370,116 
90.387 
30,129 
34,397 
20, 291 
14,876 
15. 372 


mfle. 

Se-c-fret. 
0.20 

.20 

.70 

1.30 

4.50 

H.m 

.90 
.30 


Theyear 1,726     1,253.634 


25 


.15 

.15 

i.a5 


I  -_- 


1884." 

January '' 

February  '* . . . 

March '' 

April '' 

May '' 

June'' 

July '' 

August '' 

September  '' . . . 
October '' 


I  - 


410 

2,460 

4,090 

3, 270 

8.190 

16,400 

13,100 

3, 270 

980 

820 


25,210 
141,501 
251,4I?4 
194,578 
503. 583 
975.868 
805, 488 
201.064 
58, 314 
50.420 


0.35 

1.50 

2.50 

2.00 

5.00 

10.02 

8.00 

2.00 

.60 

.50 


1.45 


14-: 


o  •> 

5  7^ 
11^ 


-\::i 


"Authority.  California  State  engineering  department. 

&  Estimated  from  pi<evious  meanurements  and  neigh  borini;  Ht  reams. 
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^Jsfiniated  monthly  discharge  of  San  Joaquin  River  at  Hemdon,  Fresno  County, 

[Drainag^e  area^  1,037  square  miles.] 


Month. 


1895. 


rantiary  . 
•'ebmary 

ilarch 

^pril 

day 

Fune . 


ruly 

IngrnBt   . 

Jeptember 

)ct<)I^r 

November 

December 

The  year 

18»6. 

January  - 

"•ebmary 

klarch 

Ipril  .-- - 

day  -    

I  nne 

!  uly 

Lugust 

k?pteinber 

X'tober  - 

^Fovember 

December • 

The  year 


Discharge. 

Total  dis- 
charfce. 

Bus 

Per 

square 

mile. 

L-Ofif. 

Maximum. 
S^c.-feet. 

Minimum. 

Mean. 

Depth. 

Sec-feet. 

Sec-feet. 

Acre-feet. 

Sec-feet. 

Inchest. 

11,226 

1,260 

2,881 

177, 146 

1.76 

2.03 

8,500 

909 

2,568 

142, 619 

1.57 

1.68 

9,818 

1,554 

2,779 

170, 874 

1.70 

1.96 

9,863 

3,a54 

5,834 

347, 147 

3.56 

3.97 

19,960 

5,100 

13.124 

806,963 

8.02 

9.24 

14,250 

7,250 

10,674 

635,147 

6.52 

7.27 

8,000 

2,148 

4,528 

278, 416 

2.77 

3.20 

2,301 

793 

1,417 

87,128 

.87 

1.00 

8,500 

260 

1,085 

64,562 

.66 

.73 

1,260 

260 

420 

25,825 

.26 

.30 

,            426 

260 

362 

21,540 

.22 

.24 

677 

260 
260 

250 

373 

22,935 

.23 

.26 

19,960 

3,837 

2, 780, 302 

2.8S 
1.29 

31.83 

12,800 

2,119 

130,385 

1.49 

1,750 

950 

1,177 

67,696 

.72 

.77 

12, 176 

1,180 

2,612 

160,649 

1.60 

1.84 

5,648 

1,920 

2, 675 

159, 192 

1.64 

1.83 

18,800 

2,'560 

5, 394 

331,700 

3.30 

3.81 

16,920 

6,544 

11,799 

702, 106 

7.21 

8.00 

1        8,080 

1,600 

4,177 

256, 865 

2.55 

3.04 

1         1,300 

700 

1,048 

04,463 

.64 

.74 

1,180 

80 

534 

31,817 

.33 

.37 

700 

80, 

167 

10,275 

.10 

.12 

'        2,390 

430 

697 

41,492 

.43 

.48 

1,750 

430 

666 

40, 957 

.41 
1.69 

.47 

18,800 

80 

2,756 

1,997,547 

22.96 

266 


CALIFORNIA   HYDROGRAPHY. 


!^  . 


Estiinated  monthly  discharge  of  San  Joaquin  River  at  Ifenidtm,  Fr** 

County—  Continned. 


Discharge. 


Month. 


Maximum. 


Bnn-off. 


Minimnm. 


18»7. 

Jannary 

Febmary  . . . 

March  _ 

April 

May — 

June 

July.. 

August  .   ..   . 

September 

October 

November . . 
December  . . . 


The  year 

1898. 

January 

February 

March 

April _ 

May 

June 

July - 

August 

September 

October 

November 

December 


The  year 


Sec-feet. 
1,180 

15,660 

4,600 

11,708 

18,600 

12,332 

4,300 

1,300 

535 

820 

4,300 

4,000 

18,600 


763 
1,425 
1,242 
5,846 
5, 141 
3,744 
1,730 

610 
1,882 

763 

350 
1,181 

5,846 


Sec-feet. 

535 

1,180 

1,675 

2,305 

9,565 

2,390 

1,300 

590 

105 

105 

120 

«513 


Mean. 


Total  dis- 
chargee. 


Sec-feet.  \ 
655  , 
2,598  ' 
2,325 
6,541  ; 
13,545 
5, 862 . 
2,493 
898 
227 
279 
872 
995 


Acre-feet,     i 
40,275 
144,286 
142,960 
389,216  I 
832, 855 
348,812  ; 
153,290 
55.216  i 
13,507 
17,155  I 
51,887 
61,180  ' 


105  1     3,108 


530 

530 

763 

1,018 

2,262 

1,730 

530 

350 

220 

,    350 

290 

240 


658 

842 

908 

2,944 

3,206 

2,718 

959 

480 

363 

509 

308 

384 


2, 250, 639 


220       1,190 


40, 459 
46,762  , 

55,831 

175, 180 

197,131 

161,733 

58,967  1 

29,514 

21.600 

31,297 

18, 327 

23,611 

860,411 


P«r 

fiquare 
mile. 


-fe^t. 

0.40 

1.59 

1.42 

4.00 

8.27 

3.57 

1.52 

.55 

.14 

.17 

.53 

.61 


1.90 


0.40 

.51 

.  56 

1.80 

1.96 

1.66 

.59 

.29 
oo 

.31 
.19 
.24 


•4    "i. 


••     T 


> 


a  Minimum  of  60  second-feet  given  in  Nineteenth  Ann.  fiept.  is  error. 
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Estiviated  monthly  discJiarge  of  San  Joaquin   River  at  Herhdon^  Fresno 

County — Continued . 


Month. 


1899. 

Fannary 

•"ebruary 

llarch 

^pril 

ilay ... 

Tune 

rnly.._ 

Vugnst .  - 

September 

)ct<)ber 

"^^ovember     .    . 
Dei'ember  . . 

The  year 

1900. 
Tanuary.  _ .      . . 

''ebraary. 

tfarch  ...    

Vpril  . .     

ilay 

Tune 

ruly 

Ingust 

September 

X'tober 

!^()vember  .    . . 
December . . . 

The  year 


Discbarge. 


Run-off. 


Maximum. 

Sec.'feet, 

1,170 

1,060 

16,206 

7,354 

7,090 

9,070 

3, 105 

745 

220 

776 

1,175 

4, 775 

16,206 


Minimum.      Mean. 


Total  dis- 
charge. 


Per 

square 

mile. 


15, 932 

745 

2,780 

2,780 

9,730 

8,674 

3,445 

680 

240 

990 

20,780 

1,285 


Sec-feet. 
170 
350 

692 

2,030 

1,830 

2,620 

955 

250 

70 

69 

130 

220 


20,780 


746 
355 

640 

1,520 

2,170 

3,620 

630 

240 

180 

180 

240 

745 

180 


Depth. 


Sec. -feet. 

463 

645 

2,689 

4,233 

3,730 

5,700 

1,664 

428 

152 

214 

565 

1,018 


Acre-feet. 

28,469 

35, 821 
165,341 
251,880 
229, 350 
339, 173 
104, 284 

26, 317 
9,045 

13,158 

I 

33, 620 
62,595  I 


Sec-feet. 

Inches, 

0.28 

0.32 

.39 

.41 

1.64 

1.89 

2.59 

2.88 

2.28 

2.63 

3.48 

3.88 

1.02 

1.18 

.26 

.30 

.09 

.10 

.13 

.15 

.34 

.39 

.62 

.71 

69  ,  1.792  '  1,299,053  '   1.09  I   14.84 


2,244  ' 

534  ' 

1,748  i 

2,060  i 

5,725  I 

5,728 

1,642 

390 

204 

451 

1,834 

1,033 


1,966 


137, 978 

29, 657 

107, 480 

122, 578 

352,016 

340, 840 

100,962 

23, 980 

12, 139 

27,730 

109, 130 

63, 517 

1,428,007 


1.37 

.83 

1.07 

1.26 

3.50 

3.50 

1.00 

.24 

.13 

.28 

1.12 

.63 

1.20 


1.58 

.34 

1.23 

1.41 

4.04 

8.90 

1.15 

.28 

.14 

.32 

1.25 

.72 

16.36 
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Estimated  monthly  discharge  of  San  Joaquin  River  at  Hemdon,  Fm* 

Cou  nty — Continiied. 


Month. 


1901.                    1  Sec-feet. 

January I  21,872 

February I  12,940 

March _ '  6,830 

April I  12,400 

May I  17,870 

June.. 15,662 

July --..!  14,294 

August ...|  5,850 

September ..'•  500 

October 2,480 

November 1,550 

December \  2,060 

The  year 21,372 


>ischArge. 

Total  dis- 
charge. 

1 

1            RUHlfl. 

Minimxim. 

Mean. 

Pfer 

aqnare     I>^ 
mile. 

Sec-feet. 

Sec-feet. 

Acre-feet. 

fiee.-/nt. 

/v*> 

810 

3,506 

215,576 

2.  U  '     U 

1,550 

4,983 

276, 742 

3.04       '^\' 

2,480 

4,191 

257,695 

2.56       li' 

1,930 

4.680 

278, 479 

2.W       3h 

4, 775 

10,935 

672, 367 

6.68     :.:; 

7,882 

11,998 

713,930  ' 

7.33      m: 

3,110 

3,466 

218,116 

2.12       t.i^ 

500 

2,373 

145,910  : 

1.45       l^- 

360 

399 

23,742 

.24 

J* 
,  .1 

340 

489 

30,067  ; 

.30 

500 

702 

41,772, 

.43          J^ 

460 

872 

53.617  '■ 
2,923,013  i 

.53          ^ 

340 

4,050 

2.47 

••«.*' 

IHscharge  meanurements  of  Chiquita  San  Joaquin  River,  Miidem  Conni^. 


Date. 


Sept.  27,1900 


Hydrographer. 


J.  S.  Eastwood 


ctanr 


SAN  JOSE  CREEK. 
LHseJiarge  measurements  of  San  Jose  Creek,  Santa  Barbara  Cwi^t 


Date. 


Hydrographer. 


Aug.  —.1889     G.  F.  Wright 


'.  .■ 


The  following  measurements  of  San  Jose   Creek  were  m«*^**  ' 
Charles  J.  Johansen  for  the  Pacific  Improvement  Company. 
pipe  line  along  the  West  Fork  of  San  Jose  Creek  was  not  earning' 
water  in  the  year  ISDO, 
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The  point  of  measurement  of  the  West  Fork  was  a  short  distance 
l)ove  its  junction  with  the  East  Fork,  or  main  stream.  The  main 
tream,  or  £ast  Fork,  of  San  Jose  Creek  was  gaged  a  short  distance 
bove  it«  junction  with  the  West  Fork,  and  the  pipe  line  along  this 
tream  was  not  carrj'ing  water  in  the  year  1890. 

Lutt  of  discharge  measurements  of  San  Jose  Creek,  Santa  Barbara  County, 


Date. 


Hydrographer. 


1890. 

''eb.     4  Charles  J.  Johansen 

^eb.    15    do 

^eb.    28    do 


ULar.     1 
dar.     3 

tfar. 


5 
7 


do 
do 
do 
do 


tfar.  9    do 

tfar.  11  ' do 

tfar.  13  j do 

liar.  15    do 


tfar.   17 
Mar.  19 


do 
.do 


tfar.  21    do 

tfar.  28  ! do 

tfar.  25    do 


tfar.  27 

tfar.  29 

ilar.  31 

Vpr.  2 

^.pr.  4 

i.pr.  6 

ipr.  8 

\.pr.  10 

\.pr.  12 

\.pr.  14 

\.pr.  15 

^.pr.  17 

\pr.  19 


do 
do 
do 
do 
.do 
do 
do 
do 
do 
do 
do 
do 
do 


^pr.   21  ! do 

^.pr.   23    do 

A.pr.   25    do 

A.pr.   27    do 

A.pr.   29  ! do 


Dis- 
charge. 


Locality. 


See.-feet. 

1.57 

West  Fork  at  mouth 

.54 

Do. 

.94 

Do. 

.60 

Do. 

.60 

Do. 

.54 

Do. 

.54 

Do. 

.50 

Do. 

.50 

Do. 

.44 

Do. 

.44 

Do. 

.44 

Do. 

.50 

Do. 

.44 

Do. 

.40 

Do. 

.40 

Do. 

.40 

Do. 

.40 

Do. 

.40 

Do. 

.40 

Do. 

.40 

Do. 

.40 

Do. 

.40 

Do. 

.35 

Do. 

.40 

Do. 

.40 

Do. 

.32 

Do. 

.29 

Do. 

.32 

Do. 

.32 

Do. 

.32 

Do. 

.32 

Do. 

.32 

Do. 

.35 

Do. 
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List  of  diacharge  ineasurenients  of  San  Joae  Creeky  etc. — Contiiined. 


1 
3 
5 
7 
9 


Date. 
1890. 

May- 
May 
May 
May 
May 
May  11 
May  12 
May  13 
May  15 
May  17 
May  19 
May  21 
May  23 
May  25 
May  27 
May  29 
May  31 
June  2 
June  4 
June  6 
June  8 
June  10 
June  12 
June  14 
June  16 
June  18 
June  20 
June  22 
June  24 
June  26 
June  28 
June  30 
July  2 
July  4 
July  6 
July  8 
July  10 
July  12 
July    14 


Hydrocprapher. 


Charles  J.  Johanson . 
do 


I 


-do 
.do 
.do 
_do 
-do 
.do 
.do 
.do 
-do 
-do 
-do 
.do 
.do 
.do 
-do 
-do 
-do 
-do 
-do 
-do 
.do 
-do 
-do 
-do 
-do 
_do 
-do 
-do 
.do 
-do 
-do 
-do 
.do 
-do 
-do 
.do 
.do 


1/18- 

charge. 

Loodity 

Sec-feet. 

0.32 

West  Fork  at  mouth. 

.26 

Do. 

.32 

Do. 

.32 

Do. 

.26 

Do. 

.26 

Do. 

.23 

Do. 

.26 

Do. 

.23 

Do. 

.26 

Do. 

.26 

Do. 

.28 

Do. 

.23 

Do. 

.23 

Do. 

.23 

Do. 

.23 

Do. 

.21 

Do. 

.21 

ho. 

.21 

Do. 

.21 

Do. 

.18 

Do. 

.23 

Do. 

.21 

Do. 

.21 

Do. 

.27 

Do. 

.21 

Do. 

.19 

Do. 

.21 

Do. 

.17 

Do. 

.19 

Do. 

.20 

Do. 

.20 

Do. 

.17 

Do. 

.17 

Do. 

.18 

Do. 

.17 

Do. 

.17 

Do. 

.17 

Do. 

.16 

Do. 
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List  of  discharge  meoHuremeiits  of  San  Jose  Creek ^  etc, — Continued. 


Date. 

1890. 

ily  16 

ily  18 

ily  20 

ily  23 

ily  24 

ily  26 

ily  28 

ily  30 

ng.  1 
ng. 


Hydrographer. 


Charles  J.  Johansen 
do 


tig. 

ug. 

[ar. 
[ar. 
[ar. 
[ar. 


2 
3 
4 
6 
8 
1 
3 
5 


[ar.  9 

[ar.  11 

[ar.  13 

[ar.  15 

[ar.  17 

[ar.  19 

[ar.  21 

[ar.  23 

lar.  25 

[ar.  27 

lar.  29 

lar.  31 

Lpr.  2 

Lpr.  4 

Lpr.  6 

Lpr.  8 

Lpr.  10 

Lpr.  12 

Lpr.  14 

Lpr.  15 

Lpr.  17 


.do  .. 
_do  .. 
-do  ._ 
.do  .. 
-do  .. 
.do  .. 
.do  .. 
do  .. 
.do  .. 
.do  .. 
.do  .. 
.do  .. 
.do  .. 
.do  .. 
.do  .. 
.do  -. 
.do  .. 
-do  -. 
.do  .. 
.do  .. 
.do  .. 
.do  .. 
.do  .. 
-do  .. 
-do  .. 
-do  .. 
.do  .. 
-do  .. 
.do  .. 
_do  .. 
.do.- 
.do  .. 
-do  -- 
.do  .. 
-do  .. 
.do  .. 
,do  ,. 


Dis- 
charge. 


Sec-feet. 


Locality. 


0.16 

West  Fork  at  mouth. 

.14 

Do. 

.16 

Do. 

.14 

Do. 

.17 

Do. 

.16 

Do. 

.17 

Do. 

.17 

Do. 

.17 

Do. 

.17 

Do. 

.17 

Do. 

.17 

Do. 

.17 

Do. 

.17 

Do. 

6.38 

East  Fork  above  West  Fork. 

5.76 

Do. 

5.17 

Do. 

4.88 

Do. 

4.59 

Do. 

4.08 

Do. 

3.76 

Do. 

3.51 

Do. 

3.00 

Do. 

3.51 

Do. 

5.11 

Do. 

4.59 

Do. 

4.59 

Do. 

4.31 

Do. 

4.31 

Do. 

4.08 

Do. 

4.03 

Do. 

3.51 

Do. 

3.51 

Do. 

3.51 

Do. 

3.25 

Do. 

8.00 

Do. 

8.00 

Do. 

1.97 

Do. 

2.24 

Do. 
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List  of  discharge  meamirenientH  of  San  Jose  Creek,  rfc— Contmuei 


Date. 

18d0. 
Apr.  19 
Apr.  21 
Apr.  23 
Apr.  35 
Apr.  27 
Apr.  29 
May  1 
May  3 
May  5 
May  7 
May  9 
May  11 
May  12 
May  13 
May  15 
May  17 
May  19 
May  21 
May  23 
May  25 
May  27 
May  29 
May  31 
June  2 
June  4 
Jnne  6 
June  8 
June  10 
June  12 
June  14 
June  16 
June  18 
June  20 
June  22 
June  24 
June  26 
June  28 
June  30 
July     2 


Hydroi^rspher. 


Charles  J.  Johansen 
do 


do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do 
do  . 
-do  - 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
do  . 
.do  . 
do  . 
do  . 
do  . 
do  . 
.do  . 
.do  . 
do  . 
do  . 


Dis- 
charge. 


Locality. 


Sec'feet.  ' 

2. 10 

2.10 

1.97 

1.97 

1.97 

2.10 

1.97  j 

1.72  ' 

1.72  ' 

1.72  I 

1.72  i 

1.72  ' 

1.18 

1.59 

1.47 

1.47 

1.47 

1.19 

1.19 

1.25 

1.19 

1.19 

1.19 

1.12 

.94 

.88 

.91 

.91 

.94 

1.00 

1.12 

1.06 

1.00 

.82 

.82 

.88 

.94 

.82 

.76 


East  Fork  above  West  Fork- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do: 
Do. 
Do. 
Do. 
Do. 
Do. 
Ek). 
Do. 
Do. 
Do. 
Do. 
Do. 
bo. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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List  of  discharge  ineasurementH  of  San  Jose  Creek,  etc. — Continned. 


I>at«* 


Hydro^rapher. 


Dis- 
chargro. 


Locality. 


1890.      , 
uly     4     Charles  J.  Johaiisen 

uly      6    ...   .do 

uly     8  , do .. 

aly    10    do 

ulv    12    do 

nly    14  I do 

nly    16  , do 

uly    18    do ... 

uly    20    do * 

nly    22 do 

uly    24  , do 

uly    26    do 

uly    28  ; do 

uly    30    do 

.ng.     1    do  .   .    . .  - 

....do 

...do 

...-do 

...do  

..    .do 

...do  


3 
4 


.ug. 

Mg. 

aig. 
.ug.     6 
ng.     8 

Alg.    11 


ug.   13  ' do 


ug.  15 

ng-  17 

ng.  19 

ng.  21 

ng.  23 

ug.  25 

ug.  27 

ng.  29 

ng.  31 

ftpt.  2 

ept.  4 

f*pt.  6 

ept.  8 

f'pt.  10 

ept.  12 

fc?pt.  14 


do 
.do 
.do 
.do 
.do 
.do 
-do 
.do 
.do 

do 
.do 
.do 

do 
.do 

do 
.do 


Sec-feet. 

0. 76     East  Fork  alwve  West  Fork. 

.79  Do. 

.76  Do. 

.71  Do. 

.  73  Do. 

.70  Do. 

.  70  Do. 

.  65  Do. 

.62  Do. 

.  60  Do. 

.60  Do. 

.  63  Do. 

.  54  Do. 

.  60  Do. 

.63  Do. 

.  63  Do. 

.63  Do. 

.  63  Do. 

.63  Do. 

.63  Do. 

.88  Do. 

.88  Do. 

.  82  Do. 

.  65  Do. 

.60  Do. 

.60  Do. 

.  60  Do. 

.  65  Do. 

.  65  Do. 

.60  Do. 

.60  I  Do. 

.57  Do. 

.40  I  Do. 

44  !  Do. 

.57  I  Do. 

.44  \  Do. 

.54  '  Do. 

.50  :  Do. 


IRR  81— -03- 


18 
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List  of  discharge  measurements  of  San  Jose  Creeks  etc. — Continned. 


Date. 


Hydrographer. 


1890. 

Sept.  15  Charles  J.  Johansen 

Sept.  18    do 

Sept.  20   do 

Sept.  22    do 

Sept.  24    do 

Sept.  26    do 

Sept.  28  , do 


Sept.  30 

Oct.  2 

Oct.  4 

Oct.  6 

Oct.  7 


do 
do 
do 
do 
do 


Dis 
charire. 


Locality 


Sec./eet. 

0.60 

East  Fork  above  West  Fork- 

.60  ' 

1 

Do. 

.65  ' 

Do. 

.60 

Do. 

.711 

Do. 

.71  1 

Do. 

.82 

Do. 

.71 

Do. 

.71 

Do. 

.68  ' 

Do. 

.60 

Do. 

.61 

Do. 

[JIS  RE 

Y  RIVER. 

Discharge  measurements  of  San  Luis  Rey  River,  San  Diego  Countp. 


Date. 


June  20,1899 


Hydrographer. 


S.  Q.  Bennett 


Aug.   19, 1900     H.  N.  Savage 

Sept.  —,1899    do 

Sept.  —,1899  I do 


Dis- 
charge. 


Sec.  feet. 
1.04 

2.00 

2.50 

«  3. 50 


Locality. 


I 


Apr.      2,1900  I do ,     10.00 

May    —.  1894  I  E.  F.  Tabor |    6.716 


Headworks    Escondido  Irrisa 
tion  District  canal. 

Do. 

4  miles  eastof  Sicklere  Mill  P*^ 

Do. 


Oct.  —1894  , do  ... 

Dec.  8,1894    do  ... 

Dec.  20,1894    do     .. 

Jan.  15,1895  ! do  .. . 

Mar.  8,1895  ' do    .. 

Apr.  11,1895    do  ... 

Apr.  17,1895  , do  ... 

May  10,1895  j.    ..  do  ... 

May  19,1895    do  ... 


4 

10 

240 

5,000 

152 

100 

72 

39 

19 


"H.  N.  Savage  states  thl.9  to  lj«  minimum  prior  to  September,  18W. 


.ippiNcoTT.]  DISCHARGE   TABLES.  275 

SAN  MATEO  CREEK. 

San  Francisco  obtains  its  domestic  water  supply  from  a  series  of 
mpounding  reservoirs  located  in  the  southern  portion  of  the  peninsula 
)etween  San  Francisco  Bay  and  the  Pacific  Ocean.  The  drainage 
)asin  of  these  reservoirs  ranges  in  elevation  from  250  to  1,800  feet, 
v'ith  an  average  of  about  750  feet.  The  hills  are  undulating.  There 
s  a  limited  growth  of  timber  on  the  northern  slopes  near  the  summit, 
)ut  a  large  amount  of  brush  covers  other  portions  of  the  basin.  On 
he  southern  slopes  and  crests  the  hills  are  frequently  bare  of  brush, 
)ut  are  covered  with  grasses.  The  Spring  Valley  Water  Company 
•WHS  the  entire  area  of  the  drainage  basin  and  protects  the  forest 
overing,  not  even  permitting  grazing  within  its  limits.  Mr.  Herman 
Ichussler,  chief  engineer  of  the  water  company,  has  furnished  this 
>ffice  with  a  statement  of  the  rainfall  and  run-off  of  the  drainage 
»asins  w^hich  contribute  to  the  water  supply  under  the  control  of  the 
onipany.  The  table  given  below  extends  from  1809  to  1899,  and 
hows  the  seasonal  rainfall,  together  with  the  percentage  collected 
a  the  reservoirs.  The  record  is  therefore  thirty  years  in  length, 
t  is  by  far  the  oldest  table  of  run-off  in  the  State,  and  for  this 
eason  is  of  unusual  value.  The  seasonal  year  rather  than  the  calen- 
ar  is  given.  Column  No.  1  shows  the  year;  column  No.  2  the  inches 
f  rainfall  in  the  respective  basins;  column  No.  3  the  percentage  of 
his  rainfall  which  is  caught  and  delivered,  the  evaporation  being 
educted.  The  portion  of  the  discharge  table  marked  *'  Southeasterly 
ortion  of  the  watershed  southeast  of  old  dam,"  etc.,  refers  to  the 
rea  above  the  reservoir,  which  was  constructed  at  an  early  date.  At 
later  i)eriod,  at  a  point  lower  down  the  stream,  the  Crystal  Springs 
am  was  constructed  and  flooded  water  over  the  top  of  the  original 
am  and  into  the  valleys  of  other  streams.  This  explains  the  change 
1  the  description  of  the  drainage  basin  which  occurs  in  1888.  The 
ortion  of  the  table  marked  "Above  southeasterly  and  northeasterly 
ortion  of  i)eninsula  watershed,  total  Crystal  Lake  drainage,"  is  for 
le  entire  area  above  the  Crystal  Springs  gage  datum.  The  remark- 
ble  variation  in  percentage  strikingly  illustrates  the  necessity  for 
toring  water  from  the  drainage  basins  in  order  to  provide  for  periods 
f  drought.  In  the  western  portion  of  the  drainage  basin  there  was 
ractically  no  run-off  in  the  season  of  1876-77,  and  in  the  easterly  por- 
on  of  the  basin  there  was  practically  no  run-off  in  the  seasons  of 
t^81-82,  1882-S3,  and  1897-98.  It  would  therefore  be  necessary  to 
tore  enough  water  in  the  reservoirs  to  furnish  a  supply  for  two 
Liramei"S  and  at  least  one  winter.  Another  feature  of  interest  in 
lis  table  is  that  while  the  run-off  in  the  seasons  of  1881-82  and 
382-83  was  practically  nothing  from  the  easterly  portion  of  the  basin, 
le  percentage  of  rainfall  in  the  western  portion  of  the  watershed  was 
9.4  and  23,  respectively. 
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Rainfall  and  run-off  front,  bamn  of  San  Mateo  Creek,  California, 


Year. 


W  :'it«m  portion  of  penin- 
j-.viia  watershed: 


1889-70- 
1870-71. 
1871-72. 
1872-73. 
1873-74. 
1874-75. 
1875-76. 
1876-77- 
1877-78. 
1878-79. 
1879-81). 
1880-81. 
1881^2. 
1883- KJ. 
1883-84. 
1884^85. 
1885-86. 
1886-87. 
1887-88. 
1888-89. 
1889-90. 
1890-91 . 
1891-90J. 
189^98. 
1898-94. 
1894-95- 
1895-96. 
1896-97. 
1897-98. 
1898-99. 


Rainfall.  Run-off. 


Total. 
Mean. 


hichea. 
41.95 
34.70 
80.42 
39.31 
48.88 
44.26 
60.24 
23.83 
72.61 
66.10 
56.14 
63.81 
34.28 
38.89 
54.99 
38.25 
51.90 
34.44 
37.53 
41.1T 
73.67" 
37.69 
48.10 
58.25 
54.90 
66.93 
49.46 
50.47 
26.26 
42.56 

1,450.83 
48.36 


Percent. 
22.6 
9.8 
31.4 
28.4 
29.5 
21.2 
30.2 
.7 
87.8 
29.  £ 
35.0 
43.0 
29.4 
23.0 
33.2 
30.0 
43.9 
20.1 
29.2 
28.1 
44.7 
22.8 
13.3 
24.4 
21.8 
25.2 
21.0 
34.0 
9.6 
17.7 


Year- 


!  Rainfall   B^>f 


'I 


■  I  -. 


•r  I' 


806.2 
26.94 


Southeasterly    portion    of 
peninsula     watershed  ' 
(southeast  from  old  dam):  ' 

1877-78 

1878-79 

18T^« 

1880-81 

1881-82 

1882-83 

1883-84 

1884-85 

1885-86 

1886-87 

1887-88 

1888-« 


Total. 
Mean. 


Above  southeasterly  and 
northeasterly  portions  of 
peninsula  watershed,  to- 
tal Crystal  LiOke  drainage: 

1889-90 


1890-91.. 

1891-82.. 

1892-98. 

189»-94. 

1894-85.. 

1806-96. 

1896-07.. 

1897-08.. 

1898-99.. 

Total. 
Mean. 


Jncka.  ; 

ftr<>. 

57.70' 

S 

43.12 

w  • 

4BL(n 

11 

».W 

j> 

25L0e 

210S 

1 

40. 3S 

5' 

25.67 

.= . 

35.5^ 

5< 

28.61 

\' 

3S.98 

• 

35TO 

,  \ 

434.53 

rs 

3B.21 

'A> 

72.»i 

kt 

3L9£ 

A 

d4.16 

\ 

4T.ar 

- 

93.® 

*. 

55.71 

1. 

£.63 

s 

3S.e 

•«i 

18.17  i 

30.37 

* 

381.46 

3 

38.15 

S 

SAN  ROQUI CREEK. 

8an  Roqui  Creek  was  measured  during  the  year  1890  by  Charle*-^ 
Johaiisen  for  the  Pacific  Improvement  Company.  The  poiu:  < 
measurement  was  a  short  distance  below  the  San  Roqui  tunt'-L 
whicli  was  being  built  from  1899  to  1901,  the  point  of  measureEri 
being  near  an  old  dam  in  the  stream.  This  drainage  line  is  cal - 
San  Roqui  Creek  in  its  mountainous  portions,  but  lower  dowB  a-" 
south  of  the  Southern  Pacific  Railroad  it  is  called  the  Arrovo  Burr 
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List  of  discharge  mecuurements  of  San  Roqui  Creek,  Santa  Barbara  County. 


Date. 


3 
5 
6 

8 


1890. 
i'eb.  13 
i'eb.  19 
Teb.  21 
i'eb.  26 
ifar.  1 
far. 
dar. 
klar. 
dar. 
dar.  10 
dar.  12 
Har.  14 
dar.  16 
tfar.  18 
dar.  20 
dar.  22 
tfar.  24 
tfar.  26 
^ar.  28 
^r.   30 


Hydrograpber. 


Charles  J.  Johansen 
do 


1 
3 
5 
7 
9 


A.pr. 
\pr. 
A.pr. 
^.pr. 
^pr. 
\pr.  11 
A.pr.  13 
\pr.  15 
A.pr.  17 
Apr.  19 
A.pr.  21 
Apr.  23 
Apr.  25 
Apr.  27 
Apr.  29 
May  1 
May  3 
May 
May 
Mav 


5 


7 
9 
Mav  11 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


Dis- 
charsre. 


Locality. 


\-fett. 

4.96 

At  old  diversion  box  below  tnnnel 

5.70 

Do. 

9.61 

Do. 

1.03 

Do. 

6.91 

Do. 

6.28 

Do. 

5.67 

Do. 

5.67 

Do. 

5.20 

Do. 

5.20 

Do. 

4.96 

Do. 

4.96 

Do. 

4.27 

Do. 

4.27 

Do. 

4.73 

•    Do. 

4.73 

Do. 

4.27 

Do. 

3.84 

Do. 

3.84 

•    Do. 

3.84 

Do. 

3.42 

Do. 

3.42 

Do. 

3.42 

Do. 

8.21 

Do. 

3.21 

Do. 

3.00 

Do. 

2.80 

Do. 

2.62 

Do. 

2.62 

Do. 

2.42 

Do. 

2. 15 

Do. 

1.88 

Do. 

1 .  80 

Do. 

1.80 

Do. 

1 .  55 

Do. 

1 .  55 

Do. 

1.39 

Do. 

1.39 

Do. 

1.39 

Do. 

1.23 

Do. 

1.23 

Do. 
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List  of  discharge  measurements  of  San  Roqui  Creek,  etc, — ContiDnei 


Date. 


1890. 
May  13 
May  15 
May  17 
May  19 
May  20 
May  32 
May  24 
May  26 
May  28 
May  30 
June 
June 
June 
June 
June 
June  11 
June  13 
June  15 
June  17 
June  19 
June  21 
June  2a 
June  25 
June  27 
June  29 


9 


July 
July 
July 
July 
July 

July  11 

July  13 

July  1.") 

July  17 

July  19 

July  21 

July  23 

July  25 

July  27 

July  29 

July  31 


o 


If  I 


9 


Hydro^rapher. 


Charles  J.  Johansen 
do 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 
do 
do 
do 
do 
..  .do 
._  _do 
-do 
...do 
.-  do 
...do 
..  -do 
...-do 
...-do 
..-.do 
...do 
...do 
-_..d(> 
_     <1() 

do 

...  do 
...do 
....do 
...do 
....do 
-...do 


DiB- 
charge. 


Sec. -/tret. 

1.80 

1.23 

1.23 

1.23 

.63 

.65 

.65 

.65 

.54 

.54 


.52 


no 


Locality. 


.44 
.40 
.35 


35 


.35 
.38 
.38 
.38 
.38 
.35 
.35 
.29 
.29 
.29 
.29 
.29 
.29 
.26 
.26 
.26 
.26 
.23 
.20 
.20 
.20 
.20 
.20 
.24 


At 


old  diversion  boi  below  tmn"-! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


ippisrOTT.]       SAN    ROQUI    CREEK    AND   SANTA    ANA    RIVER. 


279 


List  of  discharge  inewturements  of  San  Roqni  Creek ^  etc. — Continued. 


Date. 

1«90. 

Lng.  2 

Lug.  4 

Lug.  6 

Lug.  8 

Lug.  10 

Lug.  12 

Lng.  14 

Lug.  16 

Lug.  18 

Lug.  19 
Lug. 


9*> 


2 
3 
4 


6 


lept. 
5ept. 
>ept. 
Sept. 
Sept. 
>ept.  7 
Sept.  8 
tept.  10 
tept.  11 
tept.  12 
tept.  13 
tept.  14 
lug.  26 
lug.  28 
lug.  30 
tept.  2 
iept.  4 
>ept.     6 


Hydrographer. 


k*pt. 

8 

5ept. 

10 

>ept. 

12 

5ept. 

14 

diaries  J.  Johansen 

do 

do 

do -.-. 

do 

do _.. 

do 

do 

do 

do 

do 

do  ._ 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do  

do 

do 

do 

do 

do 

...do 

do 

do 

do 

do  ...   

do  - 


Dis- 
charge. 


Locality. 


Sec-feet. 
0.24 
.24 
.24 
.26 
.26 
.26 
.23 
.23 
.20 
.20 
.17 
.19 
.19  I 
.19  , 
.19 
.19 
.19 
.19  ' 
.19  ' 
.19  I 
.19 
.19  ' 
.19 
.09  i 
.09  ; 
.07  ! 
.04 
.04 
.05  I 
.04 
.04  I 
.04  I 
.04 


At  old  diversion  box  below  tunnel. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Below  old  diversion  lx)jc. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


SANTA  ANA  RIVER. 

The  river  has  its  source  on  the  southwestern  slope  of  the  San  Ber- 
lardino  Mountains  and  flows  west,  appearing  from  its  canyon  6  miles 
lortheast  of  Redlands.  Its  waters  are  completely  used  in  San  Ber- 
lardino  Valley.  At  the  lower  part  of  the  valley  the  water  appears 
io-ain  in   the  vicinity  of  Rincon,  where  the  river  passes  through  a 
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comparatively  narrow  gorge,  and  the  stream  flows  thence  in  a  gene- 
south  westerl}''  direction,  emptying  into  the  Pacific   Ocean.     The  *'j 
tion,  established  June,  1896,  is  located  5  miles  northeast  of  MeDt->'p 
Cal.,  three-fourths  of  a  mile  below  the  head  works  of  the   SanU  A 
canal  and  opposite  the  warm  springs  in  the  canyon.      The  gage  i> 
inclined  timber  fastened  to  a  large  bowlder  and  posts  set  in  the  las^ 
of  the  river.     On  October  16,  1898,  owing  to  some  local  legal  wmi' 
cations,  an  unusually  large  volume  of  water  was  turned  into  the  San; 
Ana  canal  by  the  Bear  Valley  Company.     This  water   was  wa>T« 
from  the  canal  at  a  point  below  the  old  gage  rod,  necessitating  :'• 
establishment  of  a  new  gage  rod  upon  this  stream  at  a  i)oint  W.^'' 
where  the  waste  from  the  canal  was  turned  into  the  river.     Th^  n*^' 
gage  was  put  in  November  9,  1898,  and  since  that  date  daily  olicit-n* 
tions  have  been  kept  on  the  lower  gage,  which  is  a  2  b>'  0  inch  timV 
firmly  bolted  to  a  granite  cliff,  which  forms  the  left  bank  of  the  ri\>' 
and  is  situated  800  feet  below  the  mouth  of  Warmsprings  Canv 
and  100  feet  above  a  ford  on  the  canyon  road.     A  landslide  ot*<nim- 
below  the  gage  rod  April  16,  1899,  which  changed  the  condition  of  Pi- 
rating for  the  station.     Owing  to  the  shifting  nature  of  the  stivs"^ 
bed  it  has  not  been  possible  to  construct  perfectly'-  satisfactory  ratiu 
curves,  but  the  tables  as  presented  are  based  on  the  l>est  informati « 
that  could   be  obtained.     This  river  is  one   of   the    most  difficu! 
streams  in  the  State  to  accurately  gage.     The  Edison  Electric  C<»e. 
pany  diverts  the  greater  portion  of  the  water  of  Santa  Ana  Ri^'' 
above  the  gaging  station,  but  also  returns  all  of  it  above  the  sUW 
Only  limited  portions  of  the  water  are  allowed  to  pass  out  of  the  t'»»r^ 
duits  during  certain  houra  of  the  day,  the  water  being  held  back  f'r 
the  purpose  of  obtaining  additional  power  when  the  greatest  demiiL 
exists.     An  effort  is  being  made  to  arrange  with   this  company  i' 
obtain  a  record  of  the  number  of  gates,  the  sizes  of  the  openings,  irn^ 
the  hours   at  which  the  various  wheels  are  run,  in   order  to  iu<»r>: 
accurately  determine  the  volumes  of  water.     The  Santa  Ana  t^iw- 
as  mentioned  above,  also  diverts  water  from  Santa  Ana  River  jiU'Vf 
the  station,  but  the  greater  part  of  it  is  returned  to  the  channel  of  ib- 
stream  before  passing  the  point  of  measurement. 

It  wa^s  found  that  this  station  could  not  l>e  used  dnriiijr  high  wai**:. 
and  on  January  1,  1901,  observations  were  i-esumed  at  the  old  <\A\y' 
and  on  Santa  Ana  .Canal  near  the  river  station. 

From  June  1  to  December  31,  1901,  and  -for  the  entire  ^ear  I  ""- 
except  from  February  20  to  April  23,  inclusive,  the  di.schai-geof  Nin'a 
Ana  River  was  obtained  by  observations  on  the  weirs  at  the  hr:, 
works  of  Green  Spot  pipe  line.  Highlands  canal,  and  R<xi lauds  caD:i 
The  flow  from  Redlands  tunnel  and  Morton  Canyon  was  assumei! ' 
offset  the  loss  by  evaporation  between  the  old  gaging  station  and  tlj* 
mouth  of  the  canyon. 

The  drainage  area  used  pi'ior  to  1902  was  obtained  fjx>in  Land  OflS<^ 
maps.     Subsequently  the  (T(»ologieal  Survey  completed    its  oonlo.;: 
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ap  of  this  basin  and  an  area  of  182  square  miles  above  the  gaging 
ation  was  obtained  therefrom  and  was  accepted. 

DiHcharge  measurements  of  Alder  Creek ^  a  branch  of  Santa  Ana  Rwei\  San 

Bernardino  County, 


Date. 


HydroflTApber. 


agustS,  1897 .-. A.Q.Campbell. 

iignst  31,1897 do 

jvember  14, 1897 J.  B.  Lippincott. 

pril  14,1900 --!  S.G.Bennett-.. 

'toberS,  1901 do 


Dis- 
charge. 


Sec-feet. 
0.88 
1.00 
2.00 
1.00 
.89 


\scharge  nieaaurements  of  Santa  Ana  River  above  month  of  Bear  Creek,  San 

Bernardino  County. 


Date. 


Hydrogrrapher. 


ily  27, 1896 J.  H.  Qtunton. . 

tigust  31,1897 A.Q.Campbell. 

ovember  14, 1897 \  J.  B.  Lippincott. 


Dis- 
charge. 


Sec-feet. 
14.2 
17.9 
17.5 


The  discharge  of  the  streams  of  southern  California  was  unusually 
►w  in  September,  1898,  and  these  measurements  were  made  to  deter- 
ine  this  minimum  with  its  hourly  fluctuation. 

Discharge  measurements  of  Santa  Ana  River  above  mouth  of  Bexir  Creek. 

[Measurements  by  Edison  Electric  (Company.] 


Date. 


Dis- 
cbarge. 


'pt.  15,  1898: 

7  a.  m 

7.30  a.m - 

8  a.  m 

8..S0a.m ' 

f 

9  a.  m - 

9.30  a.m  -    

10  a.  m 

10.30  a.m 

1 1  a.  m 

11. 30 a.m ' 

12m ; 

\2.30p.m  ..-- j 

1  p.  m - 


Sec-feet. 
8.22 
8.22 
8.22 
8.22 
8.22 
8.22 
8.46 
8.10 
7.98 
7.86  ' 
7.76  ' 
7.48 
7.54  .1 


Date. 


Sept.  15,  1898— Continued. 

1.30 p.m 

2  p.  m 

2.30  p.  m 

3p.m 

3.30  p.  m . . 

4p. m 

4.30 p. m     ... 

5  p.  m 

5.30  p.  m  .    . .    . . . 

6  p.  m ■ 

6.30  p.  m     ...   


Dis- 
chai^e. 


Sec-feet. 
7.12 
7.20 
7.06 
6.92 
6.86 
6.66 
6.98 
6.44 
6.22 
6.22 
6.10 


12-honr  mean. 


7.43 
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Discharge  measurements  of  Santa  Ana  River,  rtc— Continned. 


Dato. 


Sept.  15, 1888— Continued. 

7  p.  m — 

7.30  p.  m 

H  p.  m 

8.30  p.  m  _ 

9  p.  m - 

9.30  p.  m __. 

10  p.  m 

10.30  p.  m 

11  p.  m. 

11.30  p.  m 

12  midnight 

Sept.  16, 1898: 

12.30  a.  m 

1  a.  m 

1.30a.  m._ 

2  a.  m 

2.30  a.  m 

3  a.  m 

3.30a.  m_._ 

4  a.  m 

4.30  a.  m 

5  a.  m 

5.30  a.  m 

6  a.  m. 

6.30  a.  m 


12-honrmean. 


7  a.  m 

7.30a.  m... 

8  a.  m _ 

8.30a.  m 

9  a.  m 

9.30  a.  m 

10  a.  in 

10.30  a.  m 

11  a.  m _.•. 

11.30  a.  m 

12  m 

12.30  p.  m 

1  p.  m 


Dis- 
I    charere. 

Sec. -feet. 
6.10 
6.10 
6.10 
6.02 
6.02 
6.02 
6.02 
6.02  ,| 
6.32  I 
6.96  ,1 
1  6.60  j 
l| 

6.66 
6.66 
6.86 
6.92 
7.06   ' 

7.20 ; 

7.32 
7.54 
7.66 
7.66  , 
7.86  I 
7.76  i; 
7.76  11 


Date. 


Sept.  16, 1898— Continued. 


1.30  p.  m 

2  p.  m .  - . 
2.30  p.  m 

3  p.  m  - .  - 
3.30  p.  m 

4  p.m.-. 
4.30  p.  m 

5  p.  m... 
5.30  p.  m 

6  p.  m... 
6.30  p.  m 


12-honrmean 


6.80 


7.76 
7.76 

8.10 

7.98 

8.04 

8.10 

7,82  1 

7.98  I 

7.86 

7.76 

7.48 

7.44 

7.32 


i  p.  m 

7.30  p.  m  ... 

8  p.  m 

8.30  p.m... 

9  p.m 

9.30  p.m... 

10  p.  m 

10.80  p.m.. 

11  p.m 

11.30 p.  m.. 

12  midnight 

Sept.  17, 1898: 

12.30  a.  m.. 

1  a.  m 

1.30  a.  m  ... 

2  a.  m 

2.30  a.  m  . . . 

3  a.  m 

8.30a.  m... 

4  a.  m 

4.30  a.  m... 

5  a.  m 

5.30  a.  m  . . . 

6  a.  m 

6.30a.  m... 


ki^  b.' 


t^t 


'  I 


12-hour  mean. 
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iHcharge  jnecunirenients  of  Bear  Creek  above  Santa  Ana  River,  San  Bernardino 

County. 

[Measurements  by  Edison  Electric  Ck>.] 


Date. 


?pt.  15,  1898: 

7  a.  m 

7.30a.  m_ 

8  a.  m 

8.30  a.  m 

9  a.  m 

9.30a.  m._ 

10  a.  m 

10.30a.  m.. ._. 

11  a.  m 

11.30  a.  m 

12  m 

12.30  p.  m 

1  p.  m --- 

1.30  p.  in__ p. 

2  p.  m 

2.30  p.  m 

3  p.  m 

3.30 p.  m.. 

4  p.  m 

4.30  p.  in__ - 

5  p.  m 

5.30  p.  m 

6  p.  m 

6.30  p.  m 

12-hour  mean 

7  p.  m 

7.30 p.  m_ - 

8  p.  m 

8.30  p.  m 

9  p.  m 

9.30  p.  m  _ 

10  p.  m. -. 

10.30  p.  m 

11  p.  m 

11.30  p.  m 

12  midnight 


Dis- 
charge. 


Sec-feet. 
23.30 
23.80 
23.30 
26.94 
23.30 
23.30 
23.30 
23. 10 
23.10 
22.84 
22.66 
22.66 
22.66 
22.66 
22.66 
22.66 
22.66 
22.44 
22.44 
22.44 
22.02 
22.02 
22.02 
21.80 


22.86 

21.60 
21.60 
21.60 
21.40 
21.06 
21.18 
20.98 
20.98 
20.78 
21.60 
19.94 


Date. 


Sept.  16,  1898; 

12.30  a.  m 

1  a.  m 

1.30  a.  m 

2  a.  m 

2.30  a.m 

3  a.  m 

3.30  a.m 

4  a.m 

4.30  a.m 

5  a.  m 

5.30  a.  m 

6  a.m _ 

6.30  a.m 

12-hour  mean 

7  a.m 

7.30  a.m 

8  a.  m 

8.30  a.m 

9  a.m 

9.80  a.m 

10  a.m 

10.30a.m  

11  a.m 

11.30  a.  m 

12m 

12.80 p.  mi 

1  p.  m 

1.30  p.  m 

2  p.  m 

2.30  p.  m 

3  p.  m 

3.30  p.  m 

4"p.  m._ 

4.30p.  m 

5  p.  m 

5.30  p.  m 


Dis- 
charge. 


Sec-feet. 
19.74 
19.74 
19.54 
19.84 
19.14 
18.72 
18.72 
18.82 
18.82 
18.12 
18.12 
17.92 
17.80 

19.84 


17.92 
17.92 
17.80 
16.94 
17.34 
17.24 
17.12 
17.12 
16.84 
16.94 
16.56 
16.94 
16.76 
16.76 
16.56 
16. 56 
16. 56 
16. 56 
16.38 
16.38 
16.38 
16.38 
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Dineharge  measurementu  of  Bear  Creeks  rfc— Cootimed. 


Date. 


Sept.  16, 1898— Continued. 

6  p.  m 

6.30  p.  m 

12-honr  mean 


Diflr 
charge. 


Date. 


Sec-feet.       Sept.  17,  1898: 


16.38 
16.38 


7  p.  m 

7.30  p.m... 

8  p.  m 

8.30  p.  m . . . 

9  p.m...... 

9.30  p.  m... 

10  p.  m 

10.80  p.  m_. 

11  p.  m 

11.30 p.  m.. 

12  midnight 


16.86 

16.38 
16.28 
16.28 
16.28 
16.18 
16.38 
16.38 
16.38 
16.38 
16.38 
16.38 


12.30  a.  m 

1  a.  m . . . 
1.30  a.  m. 

2  a.  m 

2.30  a.  m . 

3  a.  m 

3.30  a.  m- 

4  a.  m 

4.30  a.  m . 

5  a.  m 

5.30  a.  m . 

6  a.  m 

6.30  a.  m . 


U    ' 

1 


* 

•i: 

ft 

m 


12-boarmean. 


Discharge  jneasurements  of  Bear  Creek  above  Santa  Ami  River,  San  Bf"*' 

County, 
_  s — 

I 

Date 


Hydrographer. 


rSH" 


July  27,1896 
Aug.  31,1897 
Nov.   14,1897 


>< 


J.H.Qninton... 
A.Q.CampbeU  . 
J.  B.  Lippincott. 


Discharge  measurements  of  Green  Spot  Pipe  Line,  Santa  Ana  iJm''.  >' 

nardino  County. 


Dat<». 

1896. 
Nov.  21     J.  B.  Lippincott 

1898. 
Jan.      8     J.  B.  Lippincott . 

Apr.    12    do  .    

Apr.    12    do 

Apr.    29    do     

June  12    do    

July    23  I do 

Sept.     8    do  .     .   

Oct.     18  I  P.H.Olmsted  .. 

Nov.     9  I do 

Deci      8    do 

Dec.      8    do 

"  Intake. 


Hydrographer. 


*» Outlet  (lower  end^ 
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LHscharge  mecLsurenients  of  Oreen  Spot  Pipe  Line,  etc, — Ck)ntintied. 


Date. 

1899. 
in.     J  2 


Hydrograpfaer. 


Dis- 
charge. 


Illy  15 

aly  27 

tily  27 

ug.  24 

1900. 
pril  14 

aly    13 
ct.       2 

1901. 

eb.  5 

[ar.  4 

far.  30 

uly  6 

uly  6 

LUg.  20 

tet.  8 

)ec.  5 

1902. 
iay    31 
31 
10 
3 
5 


fay 
uly 

»ept. 


S.  G.  Bennett 

do 

W.  W.  Cockins,  jr 

S.  G.  Bennett 

do 

do 

do 

do 

do 

do. 

do 

S.  G.  Bennett 

do- 

do 

W.  W.  Clapp 

S.  G.  Bennett 


2.15 

«0.00 

«.12 

«0.00 

«2.73 

«0.00 

«3.68 

63.49 

0.00 

5.77 

1.65 

«2.70 
62.50 
«0.00 
«0.00 
«2.83 


a  Intake. 


b Outlet  (lower  end). 
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[y? 


Estimated  monthly  discharge  of  Bear  Valley  Water,  Oreen  Spot  Pipe  Lm.s^ 
Ana  River y  at  head  of  Crafton  ditch^  San  Bernardino  Conniy. 


Month. 


1897. 


August 

September 

October  1  to  21 


1898. 


April 

May 

Jnne 

July 

Angnst 

September 
October  ... 
November. 
December . 


1899. 

January  1  to  9 

February 

March 

April 

May 

June - 


Mean  dis- 
char^. 


Sec-feet. 
21.5 
15.8 
13.2 


17.0 

17.2 

13.2 

9.1 

9.1 

8.2 

9.0 

10.0 

10.7 

11.0 
11.6 
12.2 
11.8 
11.2 
5.4 


Month. 


Mitt.' 


1899. 

July •' 

August - 

September ^- 

October * 

November 

December '•' 

1900.  I 

January • 

February ' 

March ^ 

April - • 

May J' 

June. ■'• 

July  1  to  15 ^■ 

August.  .- 

September... 

October 

November 

December 


Estimated  monthly  discharge  of  Green  Spot  Pii)e  Line,  Santa  Ana  Rir^^ 

Headworks  Weir,  San  Bernardino  Conniy. 


Month. 


1901. 

June    

July 

August 

September 


Mean  dis- 
charge. 


Sec-feet. 
1.5 
2.3 
2.7 
5.5 


Month. 


.'hi-*' 


1901  —Continued.  >-'■■ ' 

October 

November ^ 

December. 
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Uscharge  mecunirementa  of  Highlands  or  North  Fork  Canal  at  intake  weir,  Santa 

Ana  River,  San  Bernardino  County, 


Dat*-. 


1896. 
Fov.   21 

1898. 
an.      8 


[ar. 
.pr. 


9 
12 


Lpr.  29 

nne  12 

ept.  8 

>ct.  18 

low  9 

>ec.  8 

1«99. 

'eb.  18 

lar.  23 

lay  6 

fay  31 

une  15 

uly  15 

tily  27 

LUg.  24 

1900. 
ipr.    14 
ulv    13 
)ct.       2 

1901. 
uly      6 


LHg. 

kt. 
)ec. 


20 
8 
5 


J.  B.  Lippincott 

J.  B.  Lippincott 

BE.  Crowe 

J.  B.  Lippincott 

do 

do 

do. 

F.H.  Olmsted.  - 

do 

do 


S.  G.  Bennett 

do. 

do. 

do 

do 

do 

do 

do 


S.  G.  Bennett 

do 

W.  W.CockinsJr 


S.  G.  Bennett. 

do 

do 

do 


lay    31     do 


1902. 
uly    10 
»ept.     3 
J'ov.     5 


S.  G.  Bennett. 
W.B.Clapp- 
S.  G.Bennett 


Hydrographer. 


Discbarge. 

Sec-feet. 
8.50 

11.91 

10.76 

12.40 

17.03 

11.37 

13.29 

9.85 

8.12 

6.95 

8.07 
11.78 

7.70 

6.74 
10.30 
13.14 
11.92 

4.28 

7.48 

(«) 
5.61 

13.28 

15.79 

14.30 

8.53 

7.90 

11.50 
11.10 
10.02 


«  Water  not  going  thrungli  weir  basin;  weir  wa»  being  repaired. 
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(10 '. 


Disdiarge  measurements  of  Santa  Ana  River  above  Keller  Creek,  San  Bernard' 

County. « 


[Measarements  by  Edison  Electric  Company.] 


Date. 


DiB- 
charge. 


Sept.  15.  18«8:  Sec-feet.   I 

7a.  in 29.30 

7.30a.in .., 30.44 

8  a.  m '  23.30 

8.30a.m. |  30.44 

9a.  in 30.44  , 

9.30a.  m... 30.44 

10a.  m 30.44 

10.30  a.  m 30.44 

11  a.rn 30.44 

11.30a.  m 30.44 

12m... _ 29.30 

13.30p.m .  29.30  I 

1  p.  m.. 29.30 

1.30p.  m i  29.30 

2p.m ,  29.30  , 

2.30p.m 29.30  1 

3p.m 29.30  ' 

3.30  p.  m 28.20 

4p.  m 28.20 

I 

4.30  p.  m 28.20 

op.m '  28.20 

5.30p.  m 28.20 

6p.  m I  28.20 

6.30  p.  m I  29.30 


12-hour  mean. 


29.16 


7p.  m _ 29.30 


7.30  p.  m . . . 

8  p.  m 

8.30 p.  m... 

9  p.  m 

9.30  p.  m... 

lOp.  m 

10.30  p.  m  . . 

11  p.  m 

11.30  p.  m.. 

12  midnight 


28.22 
28.20 
28.20 
28.20 
28.20 
28.20 
28.20 
.28.20 
28.20 


Date. 


Sept.  16,  1898: 
12.30  a.  m 

1  a.  m 

1.30  a.  m . 

2  a.  m 

2.30  a.  m  . 

3  a.  m 


4  a.  m . . . 
4.30  a.  m 

5  a.  m . . . 
5.30  a.  m 

6  a.  m . .  - 
6.30  a.  m 


12-hoiir  mean. 


7  a.  m 

7.30  a.  m . 

8  a.  m 

8.30  a.  m  . 

9  a.  m 

9.80  a.  m . 

10  a.  m. .. 
10.30  a.  m 

11  a.  m... 
11.30  a.  m 

12m 

12.80  p.  m 

1  p.  m 

1.30  p.  m. 

2  p.  m 

2.30  p.  m . 

3  p.  m 

3.30  p.  m . 

4  p.  m 

4.80  p.  m . 

5  p.  m 

5.30  p.  m . 


rharp 


**  « 


4*    . 


♦V 


3.30a.  m ^ 


5.. 

ri  !•. 

Ji  If 


^1 1' 

-4  •' 

•>;  ■ 

«*.  • 

m 

J.  4 


•>•  <* 


0-   » 


*■  . 


*■  ^ 


*   •• 


V  • 


28.20 

a  The  discharfre  of  the  streams  of  southern  California  waa  nnnsnally  low  in  SepteiBl*^  '" 
and  these  measurements  were  made  by  the  Edison  Electric  Company  to  determine  tJjfeau^'^ 
with  its  hourly  fluctuation. 
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IXschargp.  meattureTnenttt  of  Santa  Ana  Rirer^  etc. — Continned. 


Date. 


pt.  16,  1898— Contimied. 

6  p.  m 

6.30  p.  m 

12-hoTir  mean 

7  p.  m 

7.80  p.  m 

8  p.  m .  _ 

8.30  p.  m 

9  p.  m  _ 

9.30  p.  m    

10  p.  zn -. 

10.30  p.  m . 

11  p.  m 

11.30  p.  m. 

13  midnii^ht 


Dis- 
charge. 


Sec-feet. 
21.80 
22.80 


28.74 


22.80 
22.80 
22.80 
28.86 
23.86 
22.80 
22.80 
22.80 
22.80 
22.80 
22.80 


Date. 


Sept.  17,  1898: 
12.30  a.  m 

1  a.  m 

1.30  a.  m. 

2  a.  m 

2.30  a.  m . 

3  a.  m 

3.80  a.  m  . 

4  a.  m 

4.30  a.  m  . 

5  a.  m 

5.30  a.  m  . 

6  a.  in 

6.80  a.  m  . 


12-hoar  mean 


Dis- 
charge. 


Sec-feet. 
22.80 
32.80 
23.86 
33.86 
23.86 
23.86 
23. 86 
28.86 
28.86 
28.86 
22.80 
21.80 
22.80 

28.  CO 


DiMcharge  meamirenietits  of  Keller  Creek,  a  tributary  of  Santa  Ana  River, 


Date. 


1897. 
>v.    14 

1900. 
?r.    14 


Hydrographer. 


A.  Q.  Campbell 


Dls- 
I   charge. 


Hec-feef. 
1.00 


S.  G.  Bennett. 


.67 


IRR  81—0:3- 


-19 
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DiHeharge  jneaaurements  of  Morton  Canyon  Water,  tributtiry  to  Santa  AmRiTr 
Date. 


I 


Hydrographer. 


cbaif: 


1898. 
Apr.    12 
Apr.   29 
June  12 

1899. 
May   81 
June  15 
Jnly    15 
Aug.  24 

1900. 
Apr.    14 
July    13 
Oct.      2 


Sr(. !  • 


J.  B.  Lippincott 

do 

do 


S.  G.  Bennett 
do 


do 
do 


S.  G.  Bennett 

do 

W.  W.  Cockins,  jr 


4i 


Discharge  mecumremenis  of  Redtandti  or  South   Fork  ranal  wHr  at  Sahd  B'-j. 

tributary  to  Santa  Ana  JRiver. 


Date. 


1896. 

July 

29 

Nov. 

21 

1898. 

Jan. 

8 

Mar. 

9 

Apr. 

12 

Apr. 

29 

June 

12 

July 

23 

Sept. 

8 

Oct. 

18 

Nov. 

9 

Dec. 

8 

1899. 

Jan. 

12 

Feb. 

18 

Mar. 

23 

May 

6 

May 

31 

June 

15 

June 

27 

July 

15 

Aug?. 

24 

Hydro^rapher- 


J.  H.  Quinton  . . 
J.  B.  Lippincott 


J.  B.  Lippincott . 

H.  Crowe 

J.  B.  Lippincott  . 

do .. 

....do 

do.... 

.        do 

F.  H.  Olmsted... 

do 

do 


S.  G.  Bennett. 

do 

do... 

do 

do 

do 

do 

do 

.---do 


1-2.  •• 


16.  *■ 

r  » 


15" 


PPINCOTT.] 


SANTA    ANA    RIVER. 


291 


Discharge  mecumreftienttt  of  JtedlancUt  or  South  Fork  canal  lotdr,  etc. — (Juiit'd. 


Date. 


Hydrosrrapher. 


1900. 
pr.    14 
ily    13 
ct.       2 

1901. 
ar.  30 
ay  31 
ily  6 
ag.  20 
ct.       8 

1902. 
ily    10 
jpt.     3 
ov.     5 


I  S.G.Bennett 
do 


W.W.Cockins,jr 

S.  G.  Bennett 

do 

do 

do 

do._ .- 

do 


S.  G.  Bennett 
W.B.Clapp.. 
S.  G.  Bennett . 


Dis- 
charge. 


Ser.'/fet. 
12.10 

10.65 
6.25 

80.00 
19.60 
19.91 
16,75 
24.10 
14.27 

10.06 

14.60 

7.55 


iscJuirge  measurements  of  RedlamlH  or  Bolen  taniwl.,  tributary  to  Santa  Ana 

River. 


Date. 

1896. 
bv.  21. 

1898. 
one  12 
Bpt.     8 

1899. 
one  15 
uly    15 
.ug.  24 

1900. 
.pr.    14 
uly    18 
tet.       2 

1901. 
nly     6 
tec.      5 

1902. 
nly    10 


H  ydr<  >§rrapher. 


J.  B.  Lippincott 

J.  B.  Lippincott 
do 


S.  G.  Bennett 

do .'  .    . 

W.  W.  Cockins,  jr 


S.  G.  Bennett 
do - 


do 


Dis- 
charge. 


Sec-feet. 
1.00 


1.24 

1.24 

.67 

1.03 
1.10 

.88 
.84 
.85 

1.40 
.90 

.90 
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iS". 


IHacharge  nwasurenients  of  Santa  Ana  Canals  San  Bernardino  County. 


Date. 


1896. 
June  20 
July   28 
Nov.   21 

1897. 
Jan.  27 
Mar.  4 
June  15 
July  1 
July  6 
July  6 
Aug.  8 
Aug.  81 
Sept.  80 
Nov.  14 

1898. 
Jan.  8 
Mar.  9 
Apr.  2 
Apr.  12 
June  12 
July  23 
Sept.  8 
Oct.  18 
Nov.  9 
Dec.      8 

1899. 
Jan.  12 
Feb.  18 
Mar.  28 
May  6 
May  31 
June  15 
July  15 
July  27 
Aug.  24 


Hydrc^n^pher. 


J.  B.  Lippincott 
J.  H.  Quinton  . . 
J.  B.  Lippincott 

J.  B.  Lippincott  - 

do 

do 

do_ 

A.  Q.  Campbell . 
do_. 


do 

do 

do 

.do 


A.  Q.  Campbell . 

do 

J.  B.  Lippincott 

do 

do 

do 

do 

F.H.Olmsted 

do _... 

do 


S.G.Bennett 
do 


do 
do 
do 
do 
do 
do 
do 


Str.-f"l 
lit 


4.-'' 

:..■» 

il.  f 


12.* 


1  Z' 


•   r 

ly.' 


II 

1. 


a  Fur  total  flow  of  river  and  eJinal  He«  Santa  Ann  River,  total  flow. 
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IHscharge  viecLsurements  of  Santa  Ana  Canal,  e^c. —Continued. 


I>ate. 

Hy  droff  rapher . 

Dis- 
charge. 

1901. 
klar.   80  1 

S.  a.  Bennett 

Sec-feet. 
3.40 

kt.       8  1 

do_ _ 

• 

13.20 

)«('.       5  1 

do._ 

9.70 

1902.      1 
fay    81   1 

S.  Q.  Bennett 

• 

20.70 

nlv    10  ' 

do- 

18.5 

iept.     8 

W.B.Clapp. 

14.2 

lov.     5  ' 

S.  G.  Bennett 

# . .    ... 

12.7 

1 

yixrharge  nieaswremeiitH  of  Santa  Ana  River  and  Canal  at  Warm  Spring,  San 

Bernardino  County. 


Date. 

1896. 

Lpr.    27 

nly    25 

nne  20 

Do. 

1896. 
nly    28 
Do_ 


Hydrojfrapher. 


Gaffe 
height. 


Feet. 


rov.  21 

Do_ 


fov.    21 

1897. 
an.    27 
Do- 


Aar.     4 
Do. 


J.  A.  Vogleson  . 
J.  H.  Qninton  . . 
J.  B.  Lippincott 
do 

Total  .... 


J.  H.  Qninton '       1.29 

do 


Dis- 
charge. 


Sfc.-feei. 

51.00 

75. 00 

'^01.77 

ft  18. 28 


80.05 


Total 


J.  B.  Lippincott 
do 


Total 


J.  B.  Lippincott 

J.  B.  Lippincott 
do 


Total 


J.  B.  Lippincott 
do 


.98 


«59.72 
ft  14. 98 


74.70 


«81.68 
ft  3. 50 

35. 18 


^27.40 


0  43.58 
ft4.00 


47.58 


« 100. 70 
ft  5. 00 


Total 


105. 70 


oBivar. 


Santa  Ana  Canal. 


<?  Total  flow  at  month  of  canyon. 
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TH»charge  measnremeutH  of  Santa  Ana  River  and  Canal,  etc, — CcmtinnnL 


Date. 


1897. 
Jnne   15 
Do. 


July     1 
Do. 


July     6 
Do, 


Aug.     8 
Do. 


Aug.     8 

Aug.  31 

Do.. 

Sept.  30 

Do_ 

Do.. 


Hydropnipher. 


Q»ee        In- 


Feet     it'f.-:- 

J.  B.  Lippincott __ l.l''>    "^'> 

do M& 


Total 


^ 


.--i  •*. 


A.Q.Campbell 1.30 

do •^' 


Total *'■• 


A.  Q.  Campbell 
do    


1.1 


'<v 


■•11.'. 


Total 


A.  Q.  Campbell 
do 


1..33     ^^^ 


Total - '^^ 

A.Q.Campbell ,  "^'^•• 


do 
do 
do 
do 
do 


J>  ! 


i* 


«■» 


1.13     't 


Total 


Nov.   14     A.  Q.  Campl)ell l.-i") 


Do 


do 


<il? 


'  :N  •• 


I"  •«, 


Total 


4: 


1898. 


Jan.      8  I  J.  B.  Lippincott- _ 1.00     '-'■ 

Do_J do  . _ 

!  Total  


Mar.     9  j  H.Crowe :      1.05     '^  *' 

Do do I 


Total 


«  River. 

''Santa  Ana  Canal. 


('  Weir  above  Santa  Ana  Canal  intake. 
('Meter  above  Banta  Ana  Cianal  intake. 
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Dincharge  viecuurenients  of  Santa  Aria  River  and  Canal,  etc. — Continued. 


Date. 


Hydro^rapber. 


Gage 
height. 


1898. 
Mar.       9 
Apr.     11 
Do.. 


H.Crowe 

J.B.Lippincott. 
do 


Feet. 


.98 


Apr.     29 
Do.-. 


Total 


J.  B.  Lippincott. 
do 


.90 


Total 


June     12  1  J.B.Lippincott _ ^      1.10 

Do...; do - 


July     23 
Do... 


Sept.      8 
Do... 


Total 


J.  B.  Lippincott 1. 10 

do 

Total - 


J.  B.  Lippincott 1.05 

...do i. 


Total 


cyct.    18 

Do.. 


F.  H.  Olmsted 
do 


.95 


Total 


Nov. 
Dec*. 


9 

8 


F.  H.  Olmsted 
do 


1899. 
Jan.      12  i  S.  G.  Bennett 


1.10 
1.18 

1.07 


Do 


Feb.      18 
Do.. 


do 


Total    . 

S.  G.  Bennett 
do 


^^3.16 


Total 


Diii. 
charge. 


Sec.-feet. 
0  68.01 
&81.61 
<J7.67 


Mar.     28 
Do.. 


S.  G.  Bennett 
do 


I      2.30 


Total 


89.28 

6  29.67 
<'12.66 

42.88 

6  85.14 
<'8.92 

89.06 

642.22 
<^5.84 

47.56 

636.01 
«1.66 

86.67 

622.78 
<'7.92 

80.70 

^21. 78 
rf24.74 

688.00 
CO 

88.00 

628.04 
«4.00 

82.04 

629.62 
^7.60 

87.22 

«  Above  Santa  Ana  Canal  intake. 
«» River. 

'(Total  water  from  Hanta  Ana  Canal  wasted  above  gaging  station. 
«  New  rod. 
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Diacharge  measurementH  of  Santa  Ana  River  and  Canal,  r/c— Continuel 


Date. 


Hydroffrapher. 


1899. 

May       6     S.  G.  Bennett 
. do 


Do 


Total 


I 

Ftet.         Srr.;. 

2.45,  '^'' 


*».; 


May     31  I  S.  G.  Bennett ;     2.27     ^^  • 

Do... do 


Total 


M. ." 


June     15  I  S.  G.  Bennett 
Do... do 


2.21     "IS^ 


Total 


IV.' 


2.3      ^ii'^' 

r 

1.85     Mi-^ 


July     15  I  S.  G.  Bennett '     2.80    '^^'^ 

Do..- do 

July     27  ; do _ 

Do. do 

Aug.     24  j do 

Do... do ; 

1900.      '                                                                                               I 
Apr.      14     S.  G.  Bennett 2.25 

Do... do - _ 

July     13     S.G.Bennett _ 

Do.._ do 

Nov.     20  ! do  _ -.-_ 


rf?^« 


<iitr- 


Do...  I do 

1901.      I 
Feb.       5  I  S.G.Bennett 
Feb.      23     ....do 


n.TO   M«C" 


■l.  I! 


Mar.       4 

Mar.     30 
Do., 


July       0 
Do.. 


do 

.do 
do 


Total 


1.65  "l"'" 
1.80  ''11'  " 
1.70  mi'- 

1.85    -^' 

44,  i- 


S.  G.  Bennett 
do 


Do 


Aug.     20 
Do.- 


Total  . . 
S.G.Bennett 

Total  .. 


1.15    '^ 

I   4 


i* 


S.  G.  Bennett 
do 


1.24 


KV  • 


a  River. 
<>  Canal. 
0  Old  rod. 


d  Total  flow. 

«  Total  for  oanalB  at  mouth  ofoanyon, 
inolndlng  tnniidl  water. 


/LesB  tonnel  water. 
ffLosB  from  Warm  Sprinft 
moatiiofoaiifon. 
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Discliarye  viea^urementH  of  Santa  Ana  River  and  Canal,  etc. — CJontinued. 


Date. 


Hydrogrrapher . 


Total 


5 


Do 

1902. 
Lpr. 
Do 


S.  G-.  Bennett. 
do 


Total 


S.  Q-.  Bennett 


Fnlv    10 
Do- 


5ept.     3 
Do. 


JJov.     5 
Do. 


Total 


S.  Q.  Bennett 
do 


Total 

W.  B.  Clapp 
do 


Total 


S.  Q.  Bennett 
do 


Total 


Gage 
beifrnl 


Di»- 
hei^t.  I  charge. 


«  River. 


b  Canal. 


1.03 


Sec-feet. 
«32.00 
&13.30 


45.20 


«14.00 


23.70 


«51.00 
M.20 


55.20 


.84 


.95 


.8- 


«8.30 
ft  20. 70 


29.00 


«5.00 
^18.50 


23.50 


«10.00 
M4.20 


24.20 


05.30 
ft  12. 70 

18.00 


298 


CALIFORNIA    HYDIMKIRAVHY. 


!ir 


Discharge  inefunirements  of  Santa  Ana  River  at  Warm  Spring,  San  Bmf 

County, 


jr' 


Date. 

189«. 
June  20 
July    28 
Nov.  21 

1897. 
Jan.  27 
Mar.  4 
June  15 
July  1 
July  6 
Aug.  8 
Sept.  30 
Nov.  14 

1898. 
Jan.  8 
Mar.  9 
Apr.  11 
Apr.  29 
June  12 
July  23 
Sept.  8 
Oct.  18 
Nov.  9 
Dec.      8 

1899. 
Jan.  12 
Feb.  18 
Mar.  23 
May  6 
May  31 
June  15 
July  15 
July  27 
Aug.  24 

1900. 
Apr.  14 
May  5 
July  13 
Nov.  20 
Nov.   22 


Hydrosrupher. 


(iff 
height. 


J.  B.  Lippincott. 
J.  H.Quinton  .. 
J.  B.  Lippincott. 


Fttt.    .V 


J.  B.  Lippincott 

do 

do 

A.  Q.  Campbell . 

. .  ..do -•-.. 

do 

do 

do 


I. 


A.  Q.  Campbell. 

H.  Crowe  

J.  B.  Lippincott 

..-.do 

...do 

..  .do  

...do  

F.H.Olmflted  . 

...do    

do    


S.  a.  Bennett. 


do 

do. 

do 

do 

do. 

do. 

do. 

do. 


S.  Q.  Bennett 
.---do 


do. 


i.ir 

1.32 
1.18 
1.S5 

l.lW 

1.0.) 

.9S 

1.10 
1.10 
l.ft) 

i.io 

l.i:^ 

i.o: 

fl2.16 
2.»^ 
2.4.' 
2.2: 
3.21 
3.30 
2.30 
l.^» 

0  35 

0  20 


..do 

..do 

a  New  rod. 


ft  1.70 


fil 


1" 

1.15      f- 
1.30      '': 


ft  : 


J."' 


•  « 


»'  t 


^01d  rod. 


<*Oiklcalftted. 
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Hsvharge  nieasturements  of  Saiita  Ana  River  at  Warm  Spring^  etc. — Continued. 


Date. 

Hydroifrapher. 

Gag© 
height. 

Dis- 
charge. 

1901. 

far.      4 

S.  G.  Bennett 

Feet. 
1.70 

i.a5 

1.65 
1.^ 
1.15 
1.24 
1.25 
1.08 

.91 

.84 
.95 

.87 

Sec-feet. 
102.20 

lar.    30 

do 

40.60 

•eb.      5 

do 

101.00 

•eb.    28 
uly      6 

LHg.    20 
)ct.       8 
)ec.      5 

do 

do.  

110.00 
26.11 

do 

80.78 

do 

S.  Ot.  Bennett 

82.00 
14.0 

1902. 
day    31 
ruly    10 
Jept.     3 
^ov.      5 

S.  G-.  Bennett 

8.8 

.do 

5.0 

W.B.Clapp -- - 

10.0 

S.  G.  Bennett 

5.3 

^iitcharye  measureTnents  of  Santa  Ana  River ^  Alsetrez  ditch,  in  vicinity  of  Cotton 
and  Riverside,  San  Bernardino  and  Riveraide  counties. 


Date. 


1900. 
3ct.     25 

1902. 
Sept.   29 


Hyd  rographer . 


Dis- 
charge. 


K.  Sanborn. 


K.  Sanborn. 


Sec-feet. 
1.53 


1.96 


Discluirge  ineoHurenients  of  Evan^t  lower  ditch.  Riverside  County, 


Date. 

1898. 
June   19 
Aug.  28 

1899. 
Aug.  30 

1900. 
July    27 
Oct.    25 

1902. 
Sept.  29 


Hydrograi>her. 


F.H.Olmsted 
do 


S.  G.  Bennett 

S.  G.  Bennett 
K.  Sanborn.. 


K.  Sanborn. 


Dis- 
charge. 


Sec. -feet. 
5.68 
4.87 

4.48 

5.27 
4.86 

5.85 


300 


CALIFORNIA    HYDECKIKAPHY. 


isi 


Discharge  menHuremetits  of  Evans  upper  ditch^  RivemUh'  Conuty. 


Date. 


Hydrographer. 


1900. 
Jnly  27 
Oct.  25 

1901. 
Ang.  30 

1902. 
Sept.  29 
Sept.  29 


S.G.Bennett. 
K.  Sanborn. . 


J.  B.  Llppincott. 


K.  Sanborn. 
do  .... 


a  At  north  line  Riverside  Ciounty. 


b(>ne  mile  Houth  of  north  line  Rirenride  C^mmT. 


Ratimateii  monthly  discharge  of  Santa  Ana  River  at   Warm  Spring,  S-n 
Bernardino  County,  exclusive  of  Santa  Ana  canaL 

[Drainage  area,  188  aqnare  miles.] 


Month. 


1896. 

Jnly  - _ . 

Aug^nst 

September  ... 

October 

November  .  _ . 
December 

1897. 

January 

February 

March 

April 

May.. 

Jnne 

July.. 

August 

September  ... 

October 

November 

December 


Discharge. 


RllIH<ff 


Maximum.    Minimum. 


Mean. 


Total  dis^ 
charge. 


Po- 

aqoaiv 
mile. 


Second-feet. 

76 
83 

77 

170 

52 

40 


Second-feet. 
48 
83 
27 
38 
30 
33 


Sec-feet. 
63 
57 
55 
55 
«33 

«a5 


Acre-feet. 
3,891 

3,492 
3,389 
3,387 
1,939 
3,176 


Ser.-fftt 

.30 

.29 

I 

.29 
.17  . 
.19 


rvj- 


It  S 


The  year 


101  1 

27 

63 

3,a*i6 

0.38 

580  1 

72 

181 

10,060 

.m 

460  1 

64 

119 

7,317 

.63 

186 

101 

146 

8,675 

.?!l 

101 

29 

61 

3,769 

.33 

67 

57 

63 

3, 737 

.83 

85 

57 

67 

4,119 

.86 

80  , 

34 

57 

3,5a5 

.30 

61 

88 

47 

3,779 

.25 

250  , 

35 

42 

2,582 

.22 

52  j 

34 

«38 

2,261 

.20 

30  ' 

1 

33 

32 

«36 

1,610 

.14 

580 

76 

54;  250 

.40 

aThe  reduced  flow  of  November  and  December  is  due  to  closing  the  Bear  Yftltey  d*s- 


PPINCOTT.] 


SANTA    ANA   BIVEB. 


301 


Esfiniated  vtonthly  discfiarge  of  Santa  Ana  River  at  Wann  Spring,  Sa\i 

Bernardino  County,  etc. — Continned. 


Month. 


Discharge. 


Rtm-off. 


18»8. 


mnary . . 
abrnary  . 

arch 

pril 

ay 

me 

iiy 

agnst  ... 
'ptember 
:tober  . . 
ovember. 
ecember 


The  year 

1901. 

iiinary 

ebmary 

!arch 

pril  .  _  - 

ay  --- 

me 

aly 

ngnst 

jptember  .... 

ctober 

ovember 

ecember 


The  year 


Maximum. 


Second-feet. 
58 
76 
40 
34 
140 
58 
53 
58 
45 
36 
34 
28 

149 


600 

540 

114 

107 

68 

44 

42 

200 

60 

96 

36 


25 


600 


Minimxun.      Mean. 


Total  dis- 
cbarge. 


Per 

nqnare 

mile. 


Setxnid-feet.  Sec-feet.  '    Acre-feet.       Ser.-feet. 


88 
83 
25 

28 
26 
36 
33 
33 
28 
19 
18 
22 

18 


31 

48 
45 
89 
35 

30 

34  I 

31  I 

34  j 

I 

»)•>  ! 
21  , 

'>1    I 


40 
40 
32 
81 
55 
44 
41 
41 
36 
26 
22 
22 

36 

78 
194 
68 
43 
42 
37 
38 
50 
49 
48 
36 
24 

58 


2,460 
2,221 
1,968 
1,845 
3,382 
2,618 
2,521 
2,521 
2,142 
1,599 
1,809 
1,353 


25,939 


4,796 
10,774 
4,181  I 
2, 559 
2,582  ' 
2,202  , 
2,337 
3,074  ■ 
2,916  i 
2, 951 
1,547 
U476  j 

41,395  ; 


0.21 
.21 
.17 
.16 
.29 
.23 
.22 
.22 
.19 
.14 
.12 
.12 

.19 


Depth. 

Tnchea. 
0.24 
.22 
.20 
.18 
.88 
.26 
.25 
.25 
.21 
.16 
.18 
.14 

2.57 


0,41 
1.08 
.86 
.23 
.22 
.20 
.20 
.27 
.26 
.26 
.14 
.13 

.31 


I 


0.47 
1.07 
.41 
.26 
.25 
.22 
.23 
.31 
.29 
.30 
.16 
.15 

4.12 
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Estimated  motithly  discharge  of  Santa  Ana  canal  at  Warm  Spring,  Saa  B- 

nardino  County, 

[Drainage  area,  188  square  miles.] 


Month. 

Maximum. 

Discharge. 
Minimnm. 

Sec.-feet. 

Mean. 

Total  din- 
charge. 

Ban<4 

1     Per 
1     mile. 

1896. 
July         

Sec.-feet. 

Sec.-feet. 
14 

14 

14 

16 
3.5 
4.2 

Acre'feet. 
861 
861 
833 
984 
2,083 
2,582 

Sec.-feet.    /fc-i-- 
0. 07         "  ^ 

*'  ***  J 

Auirust 

.07  '■         '^ 

September 

.07          .^ 

October 

.09 

November 

.02 

December        

.02 

1897. 

Jannary 

February 

8.5 

6 

6 
12 
20 
19 

18.5 
20 

3.2 

0 

.5 

0 

0 

0 

10.6 

17.4 

5.6 

4 

5.2 

3.8 
15 

16.6 
15.6 
18.3 
20 
12.4 

7 

1 

344 
222 
320 
228 
922 
988 
960 
1,125 
1.190 
762 
417 
430 

1 

•      0.03 
.02 

i        .03 
.02 

March 

April 

« 

.1. 

May.         

June  . 

July 

.08            " 
.09; 

.08          -*'- 

August 

September 

.10          .'^ 
.11,        •-• 

October . . 

.07  i      '*- 

November 

.04 

December 

. . .  _ 

.w       '-^ 

_ —         _ 

IK'*" 

The  year .    . 

10.9 

9 

8 
8 
8 
6 
4 

2 
2 

0 
0 
0 

7,906 

— - 

.06  . 

• 

1898. 
January 

558 
444 
492 
476 
869 
288 
123 
128 
119 
0 
0 

0 



2,937 

0.05  i 

February 

.04  : 

March 

.(M           '^ 

April 

.04          ^ 

May 

.03  i        .^ 

June . - 

.02          ^ 

July, _. 

.01 

•^     ...    ^  .         - ..  _ 

AuGTUSt      

.01  ' 

September 

•...  —  —  ..-    _. 

.01 

October 

0 

November 

0 

December 

0 

.? 

The  year _ . 



4 

2.71 
2.34 
3.96 

.02 

^-- 

1901. 

March 

April  ..     .. 

6 

4.62 

4.62 

0 

0 

3.8 

167 
139 
243 



0.01          'J 
.01 

May 

.01  ; 

- 
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iimated  iiionthlt/  diacharge  of  Santa  Ana  River  and  canals  at  Warm  Spring, 

San  Bernardino  County,<* 
[Drainage  area,  188  square  miles.] 


Month. 


1896. 


ly 

IgllSt    .  .  - 

ptember 
'tober  . . . 
5vember 
jcember  . 


1897. 

jiuary 

»bruarv 

arch 

pril 

ay 

ine - .  . . 

ily 

agust  - .   .  - . 
jpteinber  .  . . 

?tober 

ovember 

ecember 


The  year 


1898. 


muary . . 
ebruary 
arch  . . 
pril 


ay 

me 

ily 

ngnst  .    . 
Jptember 
ctober . . 
ovember, 
ecember . 


Difleharge. 


Maximnm. 


Minimum. 


Mean. 


Sec. 'feet.         Sec. -feet.      Sec. -feet. 

'  77 

71 
69 

I  71 

...j  37 

. 39 


104 
585 
465 
190 
113 

86 
102 
100 

81 
270 

59 

38 

585 


85 

77 
70 
113 
48 
60 
70 
54 
58 
45 
40 
29 

29 


68 

ia5 

124 
150 
76 
80 
83 
75 
67 
54 
45 
33 


8' 


The  year 


49 

48' 

40 

39 

61 

48 

43 

43 

38 

26 

22 


29 


40 


Total  diH 
charge. 


Acre- feet. 

4, 753 
4, 353 
4,124 
4,372 
2,148 
2, 485 


4,179 
10,282 
7, 637 
8.899 
4,690 
4, 728 
5, 077 
4,628 
3,968 
3,347 
2,678 
2,040 


62, 148 


Run-<>flf. 


Per 

Hquare 

mile. 


Sec-feet. 

0:41 

.38 

.37 

.38 
.19 
.21 


0.36 
.98 
.66 
.80 
.41 
.42 
.44 
.40 
.35 
.29 
.24 
.18 


2,987  ; 

2,688 

2,448 

2, 333 

3,727 

2,840 

2,625 

2, 653 

2, 223 

1,581 

1 ,  285 

1,364 

I 

28,754  ' 


Depth. 
Inches. 

0.47 
.44 
.41 
.44 
.21 
.24 


.46 


0.26 
.26 
.21 
.21 
.32 


ox 


.23 
.23 
.20 

.14, 
.12  I 
.12 


0.41 
1.02 
.76 
.89 
.47 
.47 
.51 
.46 
.39 
.33 
.27 
.21 


0.19 


21 


0.30 
.27 
.24 
.23 
.37 
.28 
.26 
.26 
.22 
.16 
.18 
.14 

2.86 


-j- 


"  Total  flow. 
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Estimated  monthly  discharge  of  Santa  Ana  River  and  canals  at  Warm  ^^r^* 

San  Bernardino  County — Ck>ntinned. 


Month. 


1899. 

January 

Febroary- 

March 

April 

May  _.   

June 

July  .-_. 

August 

September..,   . 

October . 

November 

December 

The  year 

190(). 

January 

February     . .   . 
March  . .  .    ... 

April  _-.   

May . 

June .  _ 

July 

August 

September  . 

October 

November..     . 
December .... 

The  year 


MAxlxnnin. 


Discharge. 


Minimum. 


Sec-feet. 

34 
84 

48 
84 
27 
34 
29 
19 
12 
19 
49 
36 


49 

36 
23 
28 
43 
250 
25 


Sec-feet. 
22 
27 
24 
22 
19 
19 
19 
11 
10 
12 
17 
18 


10 


19 
20 
20 
19 
20 
19 


25 

11 

12 

9 

16 

11 

16 

12 

1,564 

14 

81 

25 

1,564 

9 

28 
22 
28 

25  I 

57  , 
I 
22 

19! 

11 

12 

14 

107 

28 

80 


BniHiff. 


ToUldte- 
charge. 


znife. 


'  »??<"  ! 


Acre-feet. 

Src-ffet. 

'«.*i. 

1,598 

0. 14 

1,516 

1 

.15 

1,949 

.17 

1,458 

.13 

1,363 

.12 

1,315 

.12 

1,371 

.12 

• 

782 

.07 

690 

.06 

1,015  , 

.09 

1,268 

.11 

1,427, 

.12 

« 

15,749 


1,414 

1,222 

1,414 

1,488 

3,505 

1,309 

1,168 

676 

714 

861 

6,367 

1,722 

21,860 


.12 


0.12 
.12 
,1S 
.18 
.30 
.12 
.10 
.06 
.06 
.07 
.57 
.15. 

.16 


.1 


u 


1^ 


.1: 

..4 


■ 
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ftiniated  monthly  discharge  of  Santa  Ana  River  and  canals  at  Warm,  Sftring, 

San  Bernardino  County — ^Continned. 


IRB  81—03- 


20 


806 
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Discharge  measurements  of  Santa  Ana  Biver  at  head  of  Gage  oanal,^ 


Date. 


Hydrographer. 


cbuet 


I 


1888.&   I  W.  Irwin 2.0CiJ." 

18^.     ' 


June  29 

June  30  I do 

Sept.  21    do 


J.  B.  Lippincott. 


a  See  San  Bernardino  Valley,  Gage  canal. 

b  Flood.    Since  that  time  floods  as  great  aa  4,000  second-feet  have  been  obserred. 

Discharge  meiisurements  of  Jurupa  OancU. 


Date. 


Hydrc^rrapher. 


I01K7. 

June  18  '  F.H.Olmsted 

July      1  J.  B.  Lippincott  and  K.  Sanborn 

Aug.  27     F.H.Olmsted.. 

Sept.  22     J.  B.  Lippincott 

May    31     S.G.Bennett 

July    15    . do 


1899. 
Aug.  24 
July    26 

1900. 
July    27 
Oct.     19 


S.  G.  Bennett 
do 

G.  S.  Bennett 
K.  Sanborn .   . 


He- 
cham 


10.  !• 
5.4! 


14.  i: 
:4Jt- 


a  Submerged  flume  aboTe  CJolton  bridge. 
Discharge  measurement  of  Santa  Ana  River  helow  Jurupa  ditdi. 


Date. 


Hydrograpber. 


I*- 


June   17,1898 


Discharge  measurements  of  Santa  Ana  River  below  Roubidatuc^  Stians  Vpp'i'''^' 

Trvjillo  ditches. 


Date. 


July    27,1900 
Oct.     25, 1900 


Hydrc^rapher. 


S.  G.  Bennett 
K.  Sanborn  _ . 
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yi^charge  measurements  of  Santa  Ana  River  in  vicinity  of  Colton  and  Riverside, 

San  Bernardino  and  Riverside  Counties. 

KimiAIDK  WATER  COKPANT'B  IjOWKR  CANAL. 


Date. 


Hydrofcrapher. 


une  — , 
lept.  — , 
lar.  — , 
'one  — , 
^ng.  — , 
liar.  — , 
rune  — , 
)ept.  — , 
^une  17, 
'nne  18, 


1896 
1898 
1899 
1899 
1899 
1900 
1900 
1900 
1898 
1898 


K.  Sanborn... 

do 

do 

do 

do 

do 

K.  Sanborn  . . 

do 

F.  H.  Olmsted 
do 


Ftdy  27, 1900  S.  G.  Bennett . . 
SMg.  30,1901  J.B.Lippincott 
tept.  30,1902     K.Sanbom 


Di8- 
charge. 


Sec-feet. 

10.27 
7.70 

16.20 
9.09 
7.38 
8.00 
7.16 
6.60 
9.27 

11.27 

« 10. 27 

7.13 

ft  4. 52 

3.07 


HIVKKSIDB   WATKK  TOMFANY^H  ITPPKK  CANAl*.*' 

i.ug.  30,1899     S.G.Benn^t - <'57.4 

ruly   26,1900  I do ^'43.3 


KOUBIUOITX    DITCH. 


Tune  19,1898 
^ng.  28,1898 


F.  H.  Obnsted 
do 

nly   27, 1900     S.  G.  Bennett. . . 

)ct.    26, 1900  j  K.  Sanborn 

^ng.  30, 1901     J.  B.  Lippincott 


lept.  80,1902 


K.  Sanborn 


8.94 
8.50 
8.18 
7.80 
8. 75 
7.19 


ANTA  ANA  RIVKK  1^  MILKB  BKLOW  INTAKK  OK   l<IVKK8ll)K   WATKK  TOMPANY'M  liOWKK  CANAL. 


Lug.  27, 1898     F.  H.  Olmsted 


0.50 


'•Mean  for  June  17  and  18. 

f^One-fotirth  of  a  mile  below  headworks;  OA  nucond-f«et  waMt«d  below  point  r>f  mewftnrement 
ito  river  for  Bonbidoox  Canal. 

<'See  alflo  Riverside  Water  Company's  upper  cHiial,  nuder  Han  Bernardino  Valley, 
din  flame  above  tunnel  near  Biyerside  Mesa. 
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DiHctutrge  tueiUfurtitientH  of  Santa  Ana  River  in  tncinity  af  Oaii-€9n  and 

Rivenside^  etc. — Continaed. 

HPKINU    BROOK   BKIX>W   WKKT   KIVKK8II»K  BKIDOK. 


Date.  '  HydroinTipher.  ^.*^ 


I  " 

June  HM8»8  j  F.  ti.  Olmsted ise 

Auk.  ^H,  1«9«    do    _.__  1.:?: 

July   38, 19<)0  I  S.  G.  Bennett ._  2.r 

Aug.  30,1901  I  J.  B.  Lippincott !«'• 

Aug.  28, 1898  I  F.  H.  Olmsted .    «S.v 

Oct.    25,1900  j  K.  Sanborn...   _ _ •'M5 

BANTA   ANA   KIVBK   BBL.OW    WBMT  RITBKBIDE   BRIIXIK. 


July    30,1900 
Aug.  30,1901 


S.G.Bennett ,        1.1? 

J.  B.  Lippincott _ _ .  •  1.1* 


»ANTA  ANA   RIVBR  AT  OALL1GKB8   KORD,  t  M1L.B8   BBLOW   WB8T    KIVKKMIUK   BRIDCL 


Aug.  30,1899 


S.G.Bennett 


oBanta  Ana  Riyer,  Went  Rironride  Bridge. 
IHscharge  nie(uture7nent8  of  Trujillo  ditch,  tributary  to  StMnia  Ana. 


Dato. 


Hydrographer  ^^^ 


.  Ser  ff^ 

Jnlv   27,1900  i  S.G.Bennett n.4^ 

Oct.    25,1900     K.Sanbom 


Diftcharge  nieamirenwnt  of  Santa  Ana  River  1,(7(M)  feet  belotr  Hcnibtdotur  dtti* 

intake. 


Date.  i  HydrotfTRpher.  ^*' 


Oct.  25, 1900 


K.Sanborn.   ..    '        u '* 
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IHscharge  ineajiurenieiits  of  Santa  Aiia  Rwer  in  tHdnity  of  Rincon,  Riverside 

County. 


▲NAHBIM  UNION  CANAIi. 


Date. 


Hydrograpber. 


Dis- 
charge. 


June  22, 1898 
Sept.  15,1899 
Oct.  26,1899 
Aug.  15,1900 
Sept.  3, 1900 
Aug.  31,1901 


RemarkH. 


F.  H.  Olmsted  . . 
J.  B.Lippincott. 

do 

W.P.Searcy  ... 

do 

do 


Sec-feet. 
84.74 
27.92 
17.14 
18.87 
18.22 
23.11 


5  miles  below  division  box. 


1  mile  below  Esperanza. 


SANTA  ANA  RIVBR  AT  AUBURNDAT^B  BRIDOK. 


July  17 
Aug.  22 
Sept.  15 
Aug.  14 
Sept.  28 
Aug.  13 
Sept.  10 
Sept.  11 
June  21 
Aug.  30 
Sept.  12 
July  28 
Oct.  5 
Aug.  27 
Aug.  31 


1888 
1888 
1888 
1889 
1889 
1890 
1891 
1892 
1898 
1899 
1899 
1900 
1900 
1901 
1901 


F.C.Finkle 

do 

do  _... 

do _..- 

do 

do 

do 

do 

F.H.Olmsted 

S.  G.  Bennett 

J.  B.  Lippincott. . . 

S.Q.Bennett 

W.  W.  Cockins,  jr 


14.6 

18.8 

14.2 

15.6 

16.7 

22.8 

25.6 

48.4 

60.00 

58.10 

59.88 

54.45 

69.70 


J.  B.  Lippincott 48. 70 


.do 


28.54 


Including  ditches. 
Do. 

Do. 
Do. 
Above  Roberts  ditch. 
Do. 


CASTILLO  DITCH   BELOW   HIVBR81DK  NARROWS. 


Aug.    30,1901 


J.  B.  Lippincott-  •_ 1.19 


CHINO  CRBBK  NEAR  RINCON. 


Aug.  .30,1898     F.H.Olmsted 

May     2,1899  |  F.Rolfe 

May    15,1899      . ...do    

June    3,1899    do 

June  15, 1899  , do 

July     4,1899    do    

July    17,1899    .   .     do 


4.95 
12.79 
8.64 
17.02 
5.68 
8.02 
4.68 
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Discharge  measurementii  of  Santa  Ana  River  in  vicinity  of  Rincon,  rf«.— Cont'd 

GHINO  CRKSK  NKAR  RINOON— COntUined. 


Date. 


Hydrognipher. 


Dis^ 
charge. 


Ang. 

Aug. 

Ang. 

Sept. 

Oct. 

Apr. 

Jnne 

July 

July 

Aug. 

Sept. 

Oct. 

Aug. 


1 

15 
81 
13 
25 
17 
24 

7 
28 
15 

8 

5 
81 


1899 
1899 
1899 
1899 
1899 
1900 
1900 
1900 
1900 
1900 
1900 
1900 
1901 


F.Rolfe 

do  . 

do 


Sec-feet. 
7.49 
2.14 
8.19 


J.  B.  Lippincott  _ '      3. 58 


.  - .  -do 

W.P.Searcy  .... 

do 

do 

S.  G.  Bennett    

W.P.Searcy- 

do 

W.W.CwkinsJr 
J.  B.  Lippincott . . . 


14.52 
8.79 
3.97 
2.09 
2.20 
1.08 
0.0 
5.00 
2.80 


DIYIBION  BOX   SANTA  ANA  AND  ANAHSIM  OANAI^B. 


June  22,  1898 
Aug.  30,  1898 


F.  H.  Olmsted. 
do 


67.5 
52.9 


Aug.  30,  1899     S.G.  Bennett '      59.6 


Sept.  15,  1899  i  J.  B.  Lippincott 
Oct.    25,  1899  ' do 


July  28,  1900  1  S.  G.  Bennett 


Oct.  5,  1900 
Aug.  27,  1901 
Aug.  31.1901 


W.W.Cockin8,jr 
J.  B.  Lippincott- . 
do 


71.7 
144.7  : 
49.7  ' 
75.1  ' 
64.5  I 
5.5.4 


DURKKB  DITCH. 


Sept.  8,  1899 
Sept.  13,  1899 
July    28,1900 


J.  B.  Lippincott 

do 

S.  G.  Bennett . . 


Aug.  27.  1901  .  J.  B.  Lippincott 


Aug.  31,  1901 


do 


1.88 
6.14 
1.80 
8. 9o 
8.24 


Kear  ranch  honae. 
Newberry  east  line. 
At  ranch  houfle. 


8ANTA   ANA  RIYRR,  OPPOSITK  K8PKRANZA  STATIOIT. 


Oct.    26,  1899  I  J.  B.  Lippincott 


49.2 
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discharge  measurenfienis  of  Santa  Ana  River  in  vicinity  of  Rincon,  etc, — Cont'd. 


JfJJTAMR  DITCH. 


Date. 


alv    28,1900 

•ct.       5, 1900 
.ng.  30,1901 
Do 


LUg.   30,1901 


Hydro^rapher. 


W.  W.  Cockins,  jr 
J.  B.  Lippincott . . . 
do 


Dia- 
obarge. 


Remarks. 


8ec,'/eet. 

13.00     Said  by  Fuller  to  be  cairyiiig 
I      this  amount  at  int^e. 

6.50  ! 

9.69     Near  intake. 


7.15 


At  Fnller'8  ranch  honae. 


SANTA  ANA  RIWEl,  ABOYJB  rUL.LKR'B  DITCH. 


OILIilLAND^B  DITCH,  AUBURNDALB  iftRlDOIB. 


nlv    28,1900 


S.  a,  Bennett 


1.40 


Discharge  measurement  of  Santa  Ana  River,  Newberry'' s  east  line. 


Date. 


Hydrogrrapher 


Vug.  31,1901     J.  B.  Lippincott 


Remarks. 


Discharge  tneamirements  of  Newberry  ditch. 


Date. 

Hydrosrrapher. 

Dis- 
charge. 

Remarks. 

Inly    28,1900 

S.  G.  Bennett 

Sec-feet. 
5.47 
8.05 
3.23 

At  Anbomdale  bridge. 

Ang.  27,1901 
Aug.  31,1901 

J.  B.  Lippincott 

do 

At  head. 
Do. 

Discharge  measurement  of  Newton  ditch,  below  Narrows, 


Date. 

Hydrographer. 
J.  B.  Lippincott 

Charge.  '                          Remarks. 

Aug.  30,1901 

iSec-feet. 
7.04 

• 
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DiHcharge  nieamtrements  of  Santa  Ana  River  1  mile  below  railroad  brufy 

Rincon^  CaL 


Date. 

Hydrographer. 

Dia- 
char^. 

Remarkii. 

1898. 
Jnne  21 

F.H.  Olmsted 

8ec,-ftet. 
«79.81 
ft  8. 18 

82.99 

Do     - 

....do 

Total 

F.  H.  Olmsted 

Aug.  29 

«62.67 
ft  4. 15 

Do. 

do 

Total 

66.82 

S.O.Bennett 

1899. 
Jan.      3 

«209.4 
ft2.3 

Do... 

do 

Total 

F.  Rolfe 

211.7 

Jan.    16 

231.9 

do 

do 

Jan.    28 
Do... 

«216.0 
ft6.5 

Total  

F.Rolfe 

. 

222.5 

Feb.    15 

«181.0 
«1.75 

Do 

do 

Total 

182. 75 

F.  Rolfe  _ total-. 

do  - do. -- 

do 

Mar.     4 
Mar.   18 
Apr.     6 

108.6 

199.89 

172.28 

Total 

480.72 

F.  Rolfe 

April  18 
Do... 

«101.10 
ft  2. 75 

One  mile  below  railroad  bridge. 

do 

TotAl  ...  

F.  Rolfe  

103.85 

May     3 
Do... 

0100.84 
ft2.45 

do 

Total    

« 

102. 79 

F.  Rolfe 

May    15 

fllOO.  36 
ft  3. 95 

Do... 

do 

Total  

104. 31 

a  River. 


ft  Ditch. 


^  Canal. 
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IHttcharge  vieamirements  of  Santa  Ana  River,  etc, — Continned. 


Date. 


Hydrogrmpher. 


ine  8 
Do.. 


inel5 
Do.. 


ay    4 
Do. 


ily  16 
Do- 


F.  Rolfe 
do.. 


Totfa 

P.  Rolfe  . . 
do  .... 


Total 

F.  Rolfe  . . 
do  .... 


Total 


S.  G.    Bennett  and    F. 
Rolfe. 

do 


Do 
Do 


Total 


S.    G.    Bennett  and   F. 
Rolfe. 

do 


ily  18 
Do. 


Total 


F.  Rolfe 
do  . 


Do 


Total 

F.  Rolfe.. 
...do... 


Total 


ug.l5 
Do- 


F.  Rolfe 
do  . 


Total 


Dis- 
charge. 


Sec.- feet. 

« 110. 27 

»3.18 

118.45 


«84.48 
&1.94 


86.87 

a68.89 
^2.42  j 


RemiirkB. 


71.81 
«101.41 

*1.89 


108.30 


«87.89 


ft  1.65 


80.54 


a64.18 
61.54 


65.6-; 


«  57. 82 
&8.44 


61.26 


a64.71 
6  8.16 


67.8'; 


ug.30     F.  Rolfe 
Do    .: do  .. 


«  65. 90 
62.00 


One  mile  below  railroad  bridge. 


Total 


67.90 


ng.31 
Do. 


F.  Rolfe 
do  . 


Total 

?pt.  13     J.  B.  Lippincott 
1900. 
pr.  16  .  S.  G.  Bennett  . . . 


«  68. 02 
68.06 

I        71.08 

!      «  72. 78 

I 

90. 86 


Do. 


Do. 
Do. 


rt  River. 


i>  DiU'h. 
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Discharge  mecumrenients  of  Santa  Ana  River  at  Rincon  tragon  bridjfe. 


Date. 


1899. 
Sept.  13 
Oct.     25 
Oct.     36 
Dec.    28 

1900. 
Apr.  17 
June  24 
July  7 
July  28 
Aug.  15 
Sept.  3 
Oct.      5 

1901. 
Aug.  27 
Aug.  31 

1902. 
Sept.     2 


Hydrofirmpher. 


Di^ 


Af-f'"^ 


J.  B.  Lippincott 
.....do 


do 
do 


W.  P.  Searcy  . 

do. 

do 

S.  G.  Bennett. 
W.  P.  Searcy 
do 


W.  W.  Cockins,  jr 


J.  B.  Lippincott. 
do 


W.  B.  Clapp 


1«1  ♦•• 
SI- 


Discharge  meanurements  of  Santa  Ana  River  at  River^de  Narrov^ 


Date. 

1888. 
July    16 
July    17 
Aug.  21 
Sept.   14 

1889. 
Aug.  13 
Sept.  27 

1890. 
Aug.   12 

1901. 
Sept.     9 

1892. 
Sept.  10 


Hydrofirrapher. 


Sff.-- 


F.  C.  Finkle 
do 


do 
do 

do 
do 

do 

do 

do 


•i . 


i: 
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rharge  measurementH  of  Santa  Ana  River  at  Riverside  Narrows — CJontinned. 


>ate. 


Hydioirrapher. 


808. 
le  20 
ff.  29 

899. 
y   17 
»t.     9 

900. 
y   27 

:.    25 

901. 

902. 

b.     10 


F.H.  Olmsted 
do 


I 


P.Rolfe 

J.  B.  Lippincott. 


S.  G.  Bennett 
K.  Sanbome . 


J.  B.  Lippincott. 


K.  Sanbome. 


Dis- 
charge. 


8ec.-/eet. 
47.68 
39.05 

31.70 
39.69 

38.41 
70.64 

88.87 

43.25 


tf'harge  measurements  of  canals  and  ditches  of  Santa  Ann  Ritfer  system  near 

Rincon^  Riverside  County. 

DITCH   ON   RIGHT  BANK   OIT  BANTA  ANA   RIVKR  8  MILES  BBL.OW   RIVKKSIDR  NAKKOW8. 


:)ate. 

898. 
ae  20 


Hydrographer. 


F.H.Olmstecl 


Dia 
charge. 


Sec,  feet. 
3.75 


ni    ON    KIORT    BANK    OF    HANTA   ANA    RIVRR    5    MILRR    BKL.OW     RIVRRSIDR    NARROWS;    ON 

GRirriTH'S   PI..ACB. 


Qe  20     F.H.Olmated 


9.99 


ROBBRTS  DITCH. 


1901. 

I 

ig.  27  I  J.  B.  Lippincott 
ig.  31  i do    


0 
0 


816  •  CALIFORNIA    HYDROGRAPHY. 

Dmrharge  vwastirements  of  canals  and  ditches,  etc. — Continoed. 

8ANTA  ANA   VAIjLBV   IKRIGATION  COMPANY^S  CANAU  ORANOC  COUVFT,  C'AL 


5"i '. 


Date. 


RydTogTKpher. 


1898. 
Jniie  22 
Ang.  80 

1899. 
May    26 
Sept.  15 
Oct.    26 

1900. 
Sept.     3 
Aug.  15 

1901. 
Aug.  31 


1  P.H.Olmfited '^^ 

, do -^'' 

I  F.Rolfe **^> 

J. B. Lippincott ^- 

...do '^'-'^ 


W.  P.  Searcy 
do 


:5''fl 


J. B. Lippincott _ ^^'^ 


BKECHRR  DITCH,  AT  KINCON   BKIDOl 


1901. 

Jnne  24 


W.  P.  Searcy 


TOWN8BND  DITCH. 


1898. 
June  20 

1900. 
Oct.      5 


F.H.Olmsted 


W.W.Cockins,  jr 


i  <* 


:  s- 


WILBUR  DITCH. 


YOKBA    DlTCn 


1899. 
Oct.    26 

1900. 
Aug.   15 
Sept.     3 

1901. 
Aug.  81 


J.  B.  Lippincott 


W.  P.  Searcy 
do _ 


14 


J.  B.  Lippincott 


«  Near  bridge  to  Yorba. 
<»  Three  miles  above  Olive 
*■•  PirHt  road  crossing. 


''At  road  croHSiugr  ut  head  of  c«ment  1iwd£ 
^Estimated  aboye  drop  from  Anabeim  (}it< 
and  opposite  Esperanza. 


.-l 
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sceHaiieaus  imv-trater  nieasurenieiits  viade  in  watershed  of  Santa  Arui  River, 
Los  Angeles,  San  Bernardino,  Riverside,  and  Orange  counties. 


07 


Locality. 


Area  of  Mean         rnM^iiov«« 

section.     1    velocity.    1  r>l«c»J»nffe. 


Frey*B  ranch,  near  Spadra    .     

Phillips's  ranch,  near  Spadra  (weir) . 

C.  L.  Lancaster,  Mesa  avenue,  Lords- 
burg  (weir)    .._ 

Covina    Inigation    Co.    compressor 
pumping  plant,  south  of  Lordsburg. 

Neuruff  place ,  comer  Holt  avenue  and 
San  Antonio  avenue ,  Pomona  ( weir) . 

Pomona  Land  and  Water  Co. ,  Garey 
avenue  (weir) _ 

Consolidated  Water    Co/s    Pomona 
air-compressor  plant  (weir) 

Consolidated  Water    Co.,  north    of 
Pomona  College  (weir) 

James  Warden's  place;  (weir) 


Sq.  feet. 
0.80 


Brundege  place.  San  Antonio  avenue, 
Pomona 

Del  Monte  Water  CJo.  (weir) 

San  Antonio  Water  Co.'s  wells  in 
Claremont;  water  goes  to  Ontario 
(weir) 

San  Antonio  Water  Co.'s  wells  at  In- 
dian Hill,  i  mile  north  of  Pomona 
College  (weir) 

San  Antonio  Canyon.  From  records 
of  Pomona  Land  and  Water  Co. 
The  discharge  from  San  Antonio 
Canyon  was  7.53  second -feet  Sept. 
2,  1895,  and  9.03  .second-feet  on 
Sept.  6,  1897  (weir).« 

RED  HILL,  cue  A  MONO. \. 

Cucamonga  Land  and  Water  Co., 
Cucamonga  Creek,  30-inch  pipe  line 
(weir) 

Cucamonga  Land  and  Water  Co., 
Lone  Star  Spring  pumping  plant 
(weir) - 

Cucamonga  Land  and  Water  Co.. 
*•  Y  "  tunnel  (weir) _ . 

Stowell  water  from  90-acre  tract; 
west  side  part  to  Ontario  (weir) 

San  Antonio  Water  Co. ,  Haskell  well 
( weir) 

San  Antonio  Water  Co.,  Sixteenth 
street,  pumping  plant  (weir) 


Total 


Feft  jter  sec. 

3.812 


.35 


1.04 


Sec-feet. 

1.85 

.74 
.559 
3.58 

.33 
1.38 
3.34 


.82 
.25 

.26 
.96 

.40 

.99 


3.72 


1.15 

1.20 
1.68 
2.97 
2.13 
1.72 


10. 85 


July  U,  19UU,  measurement  made  of  water  in  Han  Antonio  Canyon  by  ti.  H.  Bennett;  discharge^ 
second-feet. 
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Miscellaneoiut  Jow-teater  meaturenients  tnade^  etc — Contuiiied. 


Date. 

1900. 
July    11 


Aug.     4 


Jnne     8 


Sept. 
Jnne 

Jnly 
Oct. 
Jnly 

Ck;t. 
Jnly 

Oct. 
Jnly 

Oct. 
Jnly 
Jnly 
Do 


29 

8 

12 

1 

12 

1 
12 

1 
12 

1 

12 
13 


Do... 
Do... 
Oct.  2 
Do... 
Do... 
Do... 
Do... 

Jnly    13 
Do... 


Locality. 


RED  HILL,  cue  AMONG  A — con  tinned. 

Natnral  surface  flow  of  Cncamonga 
Creek  in  canyon  (lomoea  Water 
Co.) 

Developed*  by  bed-rot^k  tnnnel 


Area  of 
Bectian. 


Total 


Cncamonga  Land  and  Water  Co., 
Lone  Star  Spring  pnmping  plant 
(weir) . 

Lytle  Creek  at  intake  of  Rial  to  Canal 
(weir) _ 

do 


Cajon  Creek  Canyon  in  flnme,  oppo- 
site Keenbrook  station    . 

West  Twin  Creek  in  flnme 

do 


Ea.Ht  Twin  Creek,  Del  Rosa  cement 
canal 


do 


East  Twin  Creek.  Kansas  City  Syndi- 
cate development .  _ 

do _ 


City  Creek  measurement  in  cement 
canal  . . 

City  Creek,  at  head  of  pipe  line 

Plunge  Creek  at  intake  of  ditch  (weir) 

Below  wasteway  of  Santa  Ana  Canal. 

South  Fork  or  Redlands  Canal,  water 
not  going  over  weir  into  North 
Fork  or  Highlands  Canal  on  ac- 
count of  repairs  (weir) 

Redlands  tnnnel  (weir) 

Morton  Canyon  (weir) 

South  Fork  or  Redlands  Canal  (weir) . 

North  Fork  or  Highlands  Canal  (weir) . 

Green  Sjwt  pipe  line  (weir)  _ 

Redlands  tnnnel  (weir) .   , 

Morton  Canyon  (weir) 


Water  in  Mill  Creek  zanja  (weir) 

Mill  Creek.  Water  is  being  pumped 
by  Crafton  Water  Co.  et  al.  in  Mill 
Creek  Canyon  and  Yucipe  Valley 
(weir) _ 


Total. 


Sq.feei. 
0.22 


Mean 

velocity. 


Fr^tpermv 

4.10 


DBrlia^^ 


1.49 

.084 


40 


44 


.32 
.24 


9.29 


r    I 


.92 
2.66 


l..>5 


3. 45 


.50 

.8ft 


2.404 


•>5; 
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Miscellaneous  low-water  measurements  made^  etc. — Continued. 


Date. 

1900. 
C't.       2 

Do... 


ily    14 

ane  — 
me  — 
ane  — 
ane  — 
one  — 
ane  — 
ane  — 
ane  — 
ane  — 
aiie  — 
line  — 
unt'  — 
ane  — 
ane  — 
line  — 
ane  — 
ane  — 
ane  — 
ane  — 
ane  — 
ane  — 
ane  — 
one  — 
ane  — 
ane  — 
ane  — 
aly   26 

Qly   27 


RED  HILL,  cucAMONGA — continued. 

Grafton  Water  Co.'s  pnmping  plant. 
Mill  Creek  Canyon  (weir) 


Area  of 
section. 


Nq.  feet. 


At  month  of  Mill  Creek  Canyon  (weir) 


Total. 


Mean 
Telocity. 


Feet  jyer  aec 


San  Timoteo  Canyon  ditch  at  Bick- 
nell  Station 


1.00 


Haws  &  Talznadge _ 

Babel  ditch 

Shay  ditch  .-. 

McKenzie  ditch 

Meeks  &  Daley  ditch 

Beams  ditch 

Biverside  Water  Co.,  upper  canal. . . 

Biverside  Water  Co. .  lower  canal . . . 

Timber  ditch _ 

Gage  Canal,  Santa  Ana  Biver. 

Gage  Canal,  Palm  avenue 

Logsdon  &  Parrel  ditch 

Whitlock  ditch ._ 

Daley  ditch 

Mclntyre  ditch _ 

Whiting  ditch 

Swamp  ditch 

Banchero  ditch 

Ward  &  Warren  ditch.. 

Mill  flume,  Biverside  Water  Co 

Mill  pump,  Biverside  Water  Co 

Camp  Carlton  ditch 

East  Biverside  ditch  

Colton  Terrace  Water  Co 

City  of  Colton 

Bloomington  flume 

Biverside  Water  Co.'s  upper  canal  in 
flume  160  feet  above  tunnel  Biver- 
side Mesa 


1.50 


Discharge. 


uly 

27 

oly 

27 

nly 

27 

North  Biverside  and  Jurupa  Canal 
in  flume  near  Beckstead's  house 

Biverside  Water  Co.  's  lower  canal . . 

Boubidouz  ditoh 

Trujillo  ditch  . 


17.48 

6.94 

3. 35 

6.21 

.75 


t  t 


2.077 

2.128 

1.317 

.61 


Sec.'feet. 

1.35 
7.21 


8.56 


1.50 

.00 

.35 

.40 

1.57 

13.78 

.50 

52.94 

7.16 

.00 

.29 

22.52 

.49 

.00 

1.12 

.01 

.13 

.89 

.55 

1.70 

2.17 

1.88 

2.60 

5.38 

1.54 

3.21 

3.68 

43.30 

14.42 
7.13 

8.18 
.46 
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[so' 


Mimsellaneov^  lotv-trater  measuremeniH  ynade,  etc. — Contmned. 


Da  to. 


1900. 
July    27 
July    27 


July    27 


July 

27 

July 

27 

July 

27 

Sept. 

13 

Oct. 

10 

Oct. 

25 

Oct. 

25 

Oct. 

25 

Oct. 

25 

Oct. 

25 

Oct. 

25 

Oct. 

25 

Oct. 

25 

July 

28 

July 

28 

July 

28 

July    28 


Oct. 

5 

Oct. 

5 

Oct. 

5 

July 

28 

July 

28 

Oct. 

5 

Oct. 

5 

July 

28 

July 

28 

Oct. 


Locality. 


Area  of 
section. 


RED  HILL,  cucAMONGA — continued. 

75  feet  below  intake  of  Trujillo  ditch. 

Evans  upper  ditch 

Total  flow  Santa  Ana  at  Boubi- 
douz  ditch  intake 


Sq,  feet. 
0.38 

,95 


Alsetrez  ditch  from  Spring  Brook.  100 
feet  below  West  Riverside  bridge  . . 

200  feet  below  West  Riverside  bridge 

West  Riverside   bridge,  Roubidouz 
Mountain 


At  Riverside  Narrows 

Riverside  Water  Co.'s  lower  canal . . . 
North  Riverside  and  Jurupa  canal . . . 

Roubidoux  ditch 

Trujillo  ditch 

20  feet  below  intake  of  Trujillo  ditch. 

Evans's  upper  ditch 

Total 


Alsetrez  ditch  from  Spring  Brook, 
West  Riverside  bridge 

At  West  Riverside  bridge 

Evanses  ditch,  West  Riverside  bridge. 

At  Riverside  Narrows 


300  feet  above  Aubumdale  bridge 

Newberry  ditch,  Aubumdale  bridge  . 

Ditch  south  of  Newberry  ditch,  Au- 
bumdale bridge 

Gilliland  ditch,  Aubumdale  bridge  . 

Total  

Aubumdale  bridge 

Townsend  ditch,  Aubumdale  bridge 

Fuller's  ditch,  near  schoolhouse 

Rincon  bridge  . .  _ 


Chino  Creek    under  bridge,  Chino- 
Corona  road 


Rincon  bridge 

Chino  Creek _ 

Durkee  ditch,  near  ranch  house 

At  Anaheim  and  Santa  Ana  division 
box 


Mean 
velocity. 


fWtprr 
I.IT 
1.10 


5.95 

1.10 

.80 

2.42 


1.75 
5.50 
2.52 
43.8 

28.65 
5.32 

1.58 
1.49 


do 


I 


40.50 
6.10 
5.10  1 

35.55  ' 

3.66 

43.90  , 

1.90 

1.40 

I 

23.64 
29.00 


Srr.fn'. 

10.:, 


1.95 

1.42 

1.77 

.65 

2.85 

1.85 

26.54 

1.443 

3.36 

1.99 

6.69 

2.10 

I.H 


1.81 
.48 
.70 

1.37 


.87 
1.54 
1.75 
1.63 

l.o76 
l.a3 

1.47 
.94 


1.577 

.957  ' 
1.274 
1.704 


.60 
1.69 

2,m 

1.30 

2.103 
2.59 


113 


It 


74: 


{•<: 


For  tabulation  of  a  large  nnmber  of  water  measuremeotis  in  the  San  BemaxtliDO  Valtey  a  » 
Riverside  Narrows  and  in  the  basin  of  the  Santa  Ana  River,  see  San  Bernardino  Valley 
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SANTA  ANA  RIVER,  MILL  CREEK. 

See  Mill  Creek  (page  158). 

SANTA  ANA  RIVER,  LYTLE  CREEK. 

See  Lytle  Creek  (page  139). 

SANTA  ANA  RIVER.  SAN  ROQUE  CREEK. 

See  Arroyo  Burro  (page  43). 

SANTA  BARBARA  COUNTY. 

tiacflhifieoHs  measurements  of  streams  east  of  Santa  Barbara  City,,  Santa  Bar- 
bara County,  made  in  July  and  August ^  1889,  by  George  F.  Wright, 


Stream. 


Dis- 
charge. 


Area  of 

water- 

.shed. 


tincon 

rubemador  . . 
)arpenteria  . . 
anta  Monicii 

*a(laro 

Knsraore 

*old  Stream . 
lission 


Sec.'feet.  •  Sq.  miles. 


0.12 
.58 
.08 
.23 
.31 
.23 
.23 
.46 


10.5 
4.2 

44.0 
4.8 
2.2 
2.2 
3.0 
4.0 


Miscellaneous  measurements  of  streams  west  of  Santa  Barbara  City,  Santa 
Barbara  County^  made  in  July  and  August,  1889^  by  George  F,  Wright. 


Stream. 


Dis- 
charge. 


Lrrf)yo  Bnrro  . . 
f  aria  Ignacia  . . 

an  Jo8e    

an  Pedro 

irroyo  Camero 
Lnnas 


Sec-feet. 
0.23 
.23 


Area  of 
water- 
shed. 


'ec'olote 

Lgnilar 

)o8  Pueblos 

yanyada  Verde 

^anyada  Llaces  . . . 

SlCapitan 

>anyada  del  Corral 
,'anyada  Refugio. . 


on" 

.  'it 


.08 
.08 
.08 


07 

.  w  1 


.12 
.54 
.08 
.08 
.23 
.  15 
.81 


Sq.  miles. 
2.5 
16.5 

3.0 

1.0 

1.0 

2.0 

2.0 

3.25 

2.00 

1.50 

1.50 

1.00 

2.00 


1RR81— 03- 


<.) 


1 
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Di9oharg€  meauuretnenU  of  San  Pedro  Creek,  Santa  Barbara  Connty,  t 


Date. 


Hydrritprapher. 


Aug.  —,1889 


G.F.Wright.. 


Dis- 
charge. 


Sec.-feet. 
0.08 


Remarks. 


Drainage  area,  8  square  ti  1-^ 


Discharge  measurements  of  San  Timoteo  Creek,  Riverside  County. 


Date. 


July    14,1900 


Hydrograpber. 


S.  G.  Bennett 


Dis- 
charge. 


Remarks. 


Sec.'feet. 
1.50 


Bicknel  station. 


Discharge  measurements  of  San  Ysidro  Creek,  Santa  Barbara  Caunfu.  * 

above  dam. 


Date. 

Hydrographer. 

<      Dis- 
chai^re 

1  Sec-feet. 
0.06 
.15 
1.00 

Remarks 

Nov.     2, 1899 
Dec.      3, 1899 
Mar.     6, 1900 

Greenheld 

do 

do 

Mar.   19,1900 
June   16,1900 

do 

.35 

i  R.  Moyer 

.07 

1 

SANTA  CLARA  RIVBR. 

Discharge  measurements  of  Santa  Clara  River  at  point  below  mouth  of  Sou  /  ' 
dsquito  Creek,  on  Newhall  ranch,  Los  Angeles  County. 

Date. 

Hydrographer. 

1 

Aug.     9, 1898 
Aug.  19,1899 
Aug.  19,1899 
Aug.  19,1899 

F.H.Olmsted 

Sec.-feet. 
10.83  ' 

S.G.Bennett 

3.38 
1.65 
3.37 

£a8t  channel. 

do 

West  channel. 

do 

Newhall  ditch. 

E^ast  channel. 
West  channel. 
Newhall  ditch. 

Total 

8.40 

3.64 
3.25 
3.35 

Oct.       8, 1900 
Oct.       8, 1900 
Oct.      8,1900 

W .  W .  Cockins,  jr 

do 

do 

Total 

10.24 

ppiNcoTT.]     8ANTA  CLARA  RIVER  AND  SANTA  MONICA  CREEK. 
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iischarge  measurenietits  of  Santa  Clara  Rwer  at  point  ^  miles  east  of  Camulos, 

Ventura  County. 


Date. 


Hydrc^rapher. 


ine  18,1898 

ag.  11,1898 

iig.  19,1899 

Lig.  19,1899 

;t.  8, 1900 


J.  B.  Lippincott. 


Dis- 
charge. 


Sec^-feet, 
25.74 


F.H.Olmsted I    17.36 


S.G.  Bennett 
do 


Remarks. 


Total 

W.  W.  Cockins,  jr 


Camnlos  ditch. 
River. 


Gamnlos     ditch 
wooden  flume. 


at     head    of 


ischarge  measurements  of  Santa  Clara  River  in  Cienega,  J  mile  ea^t  of  Fillmorey 

Ventura  County, 


Date. 


ar.    15,1899 


Hydrographer. 


S.  G.  Bennett 


Remarks. 


IHjicharge  measurements  of  Santa  Clara  River  near  Santa  Paula,  Ventura 

County. 


Date. 


iig.  18,1899 

ag.  18,1899 

ag.  18,1899 

ag.  18,1899 


Hydrographer. 


S.  G.  Bennett 

do 

do 


Dis- 
charge. 


Sec.'feet. 

16.00 
8.60 
5.80 


Remarks. 


Farmers  ditch. 

Grease  or  Santa  Clara  ditch. 

Ditch  taken  ont  on  east  side  of 


do 


Total 


nver. 
10. 30     River. 


40.70 


SANTA  MONICA  CREEK. 

Discharge  meamirements  of  Santa  Monica  Creek,  Santa  Barbara  County. 

[Drainage,  4.3  square  miles.] 


Dat4*. 


Hydrographer. 


Ug.   —,1889 
me   16,1900 


Dis- 
charge. 


G.  F.  Wright 
R.Moyer 


'  Sec-feet. 
0. 23 
.11 


Remarks. 


i  mile  alKwe  Fithian's  honse. 
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SANTA  PAULA  RIVER. 

Discharge  measurement  of  Santa  Paula  River  above  Neeper  9choolhm*r. 

Santa  Paula,  Ventura  County,  Col, 


Date. 


Aug.    18,18»9 


Hydrographer. 


S.  G.  Bennett 


Dia- 
ctaarge. 


Sec-feet. 

0.85 


Locality. 


SANTA  YNEZ  RIVER. 

As  determined  from  Geological  Survey  maps  the  area  of  thedrs!: 
age  basin  of  this  stream  above  Juncal  dam  site  is  13.4  square  mi «- 
E.  J.  S.  Purslow  stated  in  a  report  to  the  Santa  Barbara  Water  0/ 
pany  in  1896  that  the  Santa  Ynez  River  at  the  Juncal  resenoir*: 
was  measured  during  the  " past  winter  and  spring;"  further deta- 
are  not  given.     The  discharge  stated  was  800,000,000  gallons=:2,4^ 
acre- feet.     The  rainfall  for  season  at  Santa  Barbara  was  13.77  inej- 
and  the  mean  from  1867  to  date  is  16.82  inches.     The  period  of  strei 
observations  probably  extended  from  November  1, 1895,  to  Julyl,  1- 
This  includes  Alder  Creek  water  below  Juncal. 

During  the  winter  of  1902-3  the  city  of  Santa  Barbara  coopenti-* 
with  the  United  States  Geological  Survey  in  determining  the  ran-.'.' 
from  portions  of  the  drainage  basin  of  the  Santa  Ynez  River,  as  p^'^' 
below. 

Measurements  were  first  made  of  the  main  Santa  Ynez  River  i^""' 
its  junction  with  the  Mono  tributarry.  The  drainage  area  abovi-'^* 
point  is  71  square  miles.  Measurements  were  also  made  of  the  ■> 
charge  of  the  Mono  tributary  of  the  Santa  Ynez  River  at  its  m>y' 
The  drainage  area  above  this  point  is  119  square  miles.  Both  of  tb^ 
streams  flow  from  the  mountains  of  the  Coast  Range,  the  ele^iit. '' 
of  their  basins  ranging  from  1,400  to  7,000  feet. 

The  estimated  average  rainfall  in  these  drainage  basins  is  2- in**-" 
and  during  the  season  of  1902-3  the  mean  rainfall  was  prohs' 
exceeded  by  about  2  inches.  The  precipitation,  however,  occum*: 
gentle  slow  storms  until  the  latter  part  of  March,  when  then*  »- 
heavier  rains.  It  is  locally  stated  that  the  stream  flow  is  not  upt«»  " 
average.  This  probably  could  be  explained  by  the  fact  of  theft 
rains  referred  to  above,  and  to  the  further  fact  that  the  season 
1902-3  was  preceded  by  years  of  protracted  drought. 
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t  nf  diiich€irge  measuremeniM  of  Santa  Yftez  River  above  junction  trith  Mono. 
)ate. 


Hydro§:rapher. 


90:J. 


1. 

r4 

1. 

2r> 

1. 

27 

3, 

2H 

a. 

29 

a. 

30 

D. 

31 

b. 

I 

b. 

2 

b. 

3 

b. 

4 

lb. 

5 

!b. 

t 

►b. 

8 

»b. 

9 

'b. 

10 

3b. 

11 

jb. 

12 

5b. 

13 

3b. 

14 

9b. 

16 

8b. 

17 

eb. 

18 

eb. 

19 

eb. 

20 

Howard  Rankin 
do-.. 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

._._do 

do 

do 

do 

do 

do 

do 

do 

do 

do 


eb. 

21 

do 

eb. 

23 

do 

eb. 

24 

do 

eb. 

25 

do 

eb. 

26 

do 

eb. 

27 

do 

eb. 

28 

do 

lar. 

1 

do 

far. 

2 

do 

far. 

3 

do 

Aar, 

4 

do 

dar. 

5 

do 

dar. 

6 

do 

dar. 

7 

do 

dar. 

9 

do 

dar. 

10 

do 

dar. 

11 

do 

Gacre 
height. 


.10 
.10 
.20 
3.55 
.70 
.50 
.48 
.50 
.45 
.42 
.45 
.45 
.45 
.58 
.50 
.49 
.46 
.45 
.44 
.44 
.40 
.40 
.40 
.40 
.89 
.89 
.38 
.87 
.37 
.86 
.35 
.35 
.  35 
.35 
.35 
.45 
.65 
.50 
.50 
.43 
.42 
.42 


Dis- 
charge. 


Sec-feet. 
1.79 

1.93 

3.30 

457.24 

49.75 

22.45 

17.90 

22.18 

16.01 

14.61 

15.31 

14.92 

15.68 

24.74 

18.38 

17.63 

16.15 

16.54 

14.92 

14.72 

10.85 

11.34 

11.11 

11.05 

10.75 

10.98 

10. 11 

9.05 

9.07 

8.58 

8.72 

8.32 

8.16 

8.01 

7.91 

14.78 

81.60 

20.19 

19.95 

13. 52 

13.20 

13.42 
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List  of  diacharge  measureitients  of  Santa  Ytiez  River.  ett\ — C<ratTiiue»i. 


Date. 


Hydrographer. 


1908. 

Mar.  12 

Mar.  13 

Mar.  14 

Mar.  15 

Mar.  16 

Mar.  17 

Mar.  18 

Mar.  19 

Mar.  30 

Mar.  21 

Mar.  22 

Mar.  23 

Mar.  25 

Mar.  26 

Mar.  27 

Mar.  28 

Mar.  29 


Howard  Rankin 

do 

do 

do 

do  .   

do 


I 


-do 
.do 
.do 
-do 
.do 
.do 
.do 
_do 
-do 
-do 
-do 


heignt 

Dm- 

Ft€t. 

A*./*-' 

1       1.41 

11  :■ 

1.42 

1?:4 

1.43 

lis 

1 

1.43 

IS.:. 

1.43 

;     IK' 

1.42 

11.^ 

1.41 

ii.r 

1.40 

ii.i^ 

1.40 

lu.-** 

1.40 

\Vy 

1.40 

Rt* 

1.40 

1('> 

.      1.67 

S.? 

1.55 

19> 

1.50 

17.  r 

1.49 

16,  .< 

1.50 

Iv' 

List  of  discharge  mea.8uremeiit»  of  Mono  Creek  at  mouth. 


Date. 


Hydrogrrapher. 


1903. 
Jan.  2H 
Jan.  29 
Jan.  30 
Jan.  31 


Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb.  10 
Feb.  11 
Feb.  12 
Feb.  13 
Feb.  14 
Feb.  10 
Feb.  17 


3 
4 
5 
6 

8 
9 


Howard  Rankin 
do 


..do 
--do 

-do 
..do 
..do 
.-do 
--do 

-do 
.-do 
..do 
.-do 
.-do 
..do 
..do 
do 

.do 

do 


height. 

Feft. 
2.95 

1.55 

1.30 

1.25 

1.35 

1.30 

1.20 

1.28 

1.28 

1.31 

l.dH 

1.29 

1.28 

1.27 

1.26 

1.25 

1.20 

1.20 

1.20 


chvr 


le/: 


.\'^ 


i:.j* 


?.■ 


4-- 

5.: 

it- 
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List  of  discharge  measurements  of  Mono  Creek  at  mouth — Continned. 


ite. 

03. 

.  18 

.  19 

.  20 

.  21 

.  23 

..  24 

►.  25 

K  26 

K  27 

K  28 
r.     1 


Hydrogmpher. 


Howard  Rankin 
do 


r. 
r. 
r. 
r. 
r. 
r. 

T. 


2 
3 
4 


5 


6 

7 
9 


r.  10 

,r.  11 

.r.  12 

tr.  13 

kr.  14 

ur.  15 

ir.  16 

ir.  17 

IT.  18 

ir.  19 


-do 
-.do 

-do 
..do 
-_do 
..do 
..do 
.-do 
..do 
..do 
..do 
..do 

-do 
.-do 

-do 
..do 
..do 
..do 
..do 
..do 

-do 
.-do 
..do 
..do 
..do 
..do 


ir.  20    do 

ir.  21    do 


ir.  22 


do 


ar.  23  i do 

Ar.   25  I do 

ar.  26   do 

or.  27    do 

ar.  28   do 

ar.  29   do 


ar.  30 


do 


ar.  31  ' do 

pr.     1   ..     .do 


pr. 


do 


Gage 
height. 

Dis- 
charge. 

Feet. 

Sec-feet. 

1.20 

5.14 

1.20 

5.17 

1.19 

4.75 

1.19 

4.74 

1.17 

4.65 

1.15 

4.60 

1.15 

4.56 

1.15 

4.45 

1.14 

3.79 

1.14 

3.81 

1.12 

3.61 

1.12 

3.62 

1.12 

3.64 

1.30 

10.99 

1.60 

25.85 

1.37 

13.57 

1.35 

13.28 

1.30 

9.77 

1.25 

6.58 

1.22 

6.32 

1.22 

6.56 

1.22 

6.49 

1.27 

9.22 

1.25 

7.52 

1.80 

9.83 

1.32 

9.94 

1.26 

8.19 

1.25 

7.99 

1.24 

7.08 

1.24 

7.07 

1.23 

7.18 

1.23 

7.17 

2.50 

153. 23 

1.90 

62. 52 

1.70 

36.27 

,       1.60 

26.63 

1.61 

29. 54 

'      2.65 

177. 46 

2.80 

227. 31 

4.50 

710. 58 

'      3.00 

269. 83 

328 


CALIFORNIA   HYDROGRAPHY, 


>i' 


SAWPIT  CREEK. 
Discharge  measurement  ofSawpit  Creek  at  Division  Box,  Los  Angeles  County. 


Date. 


Hydrogrrapher. 


July     1 ,  1898     F.  H.  Olmsted 


Dis- 
charge. 


LocalitT. 


Sec.-feet. 
1.33 


Near  month  of  canyon. 


SESPE  CREEK. 
Discharge  measurements  of  Sespe  Creeks  Santa  Clara  River,  Ventura  Count ^.^ 


Date. 


Aug.  11,1898 
Mar.  15,1899 

Aug.  18,1899 


Hydrographer. 


F.H.Olmsted 
S.  G.  Bennett . 

do 


Dis- 
charge. 


Locality. 


Sec-feet. 
2.5 
8.3 

1.9 


At  head  of  Sespe   Laod 
Water  Co.  Canal. 

Do. 


:a. 


SHASTA  RIVER. 


Discharge  measurement  of  Shasta  River. 


Date. 


Hydrographer. 


Dis- 
charge. 


Aug.  — ,  1899     M.  M.  O'Shaughnessy .  - 


Sec-feet. 
279 


Locality. 


Wagon  bridge  1  mile  s-crh  J 
Montague  railroad  gtati>£ 


SNOW  CREEK. 

Discharge  measurement  of  Snow  Creek,  Palm  Valley,  Riverside  County, 


r.u 


Date. 


Feb.  22,  1898 


Hydrogi-apher. 


J.  B.  Lippincott. 


Dis- 
charge. 


Sec-feet. 
4.5 


Locality. 


SPRING  VALLEY  WATER  COMPANY. 

See  San  Mateo  Creek,  Water  Supply  and  Irrigation  Paper  No. 
page  390. 
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STANISLAUS    RIVER. 

The  river  has  its  source  on  the  western  slope  of  the  Sierra  Nevada 
a  California.  It  drains  a  country  lying  between  the  basins  of  Moke- 
iimne  River  on  the  north  and  Tuolumne  River  on  the  south,  and  flows 
1  a  general  southwesterly  direction,  entering  San  Joaquin  River  23 
liles  above  Stockton.  A  number  of  canals  divert  water  from  this 
tream  on  either  side,  the  principal  one  being  the  canal  of  the  Stan- 
ilaus  and  San  Joaquin  Water  Company,  which  irrigates  lands  in  the 
icinity  of  Oakdale  and  between  Knights  Ferry  and  Stockton. 

The  canal  of  the  Stanislaus  and  San  Joaquin  Water  Company 
iverts  water  from  Stanislaus  River  at  a  point  3  miles  above  Knights 
Vrry,  or  approximately  15  miles  above  Oakdale.  The  volume  of 
Kis  canal  at  what  is  known  as  section  3,  was  rated  on  June  1,  1898, 
y  turning  in  various  amounts  of  water  and  measuring  the  same  with 

meter.  It  was  found  on  June  G,  1899,  that  silt  had  accumulated  in 
he  bottom  of  the  flume  at  the  old  gage,  and  a  new  station  was 
dopted.  This  point  was  rated  similarly  to  the  one  of  the  year  pre- 
ious. 

The  record  at  this  station  was  discontinued  February  16,  1901. 


Discharge  yneasurements  of  Stanislaus  River  at  Oakdale,  Stanislaus  County, 


Date. 

1895.  ! 
lay  3  I 
Illy  1  I 
lUg.  2« 
tet.  10  ' 
fov.  29 

1896. 
ipr.  17 
uly   5 
ept.  7 
)ct.  29 

1897. 
^eb.  16 
^nne  30 
uly  14 
Jept.  5 
)ct.     29 


Hydrog^rapher. 


J.  B.  Lippincott 

...-_do 

do 

do 

do 

J.  A.  Vogleson 

C.C.Babb 

H.  Crowe 

J.  B.  Lippincott 

J.  B.  Lippincott _ . 

J.  B.  Lippincott  and  B.  Cole 

A.Q.  Campbell 

do 

do ... 

J.  B.  Lippincott 


leleht. 


helgr 


Dis- 
charge. 


Fett. 
8.85  ' 
6.17  ! 
2.40  , 

2.11  , 

2.12  ' 

I 

i 
1 

5.40  ' 
4.80  ! 
2.50 
2.40 

4.22 

8.60  ' 

3.20  I 

2.00  , 
2.40 

3.00  I 


Sec-feet. 

7,744 

3,754 

279 

192 

147 

• 

2,801 

2,061 

804 

210 

1,346 

6, 754 

1,015 

144 

223 

429 
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Discharge  ineasu rementit  of  Stanislaus  River  at  Oakdale,  etc. — Continued. 


Date. 

1898. 
Apr.  17 
June  2 
July  29 
Oct.  6 
Dec.    22 

1899. 
Mar.  3 
Apr.  20 
May  18 
June  5 
June  8 
Jnne  28 
Aug.  8 
Sept.  9 
Dec.      6 

1900. 
Apr.     5 
May    19 

Jnne  21  i do 

Ax\g.  11  I do 


Hydrographer. 


J.  B.  Lippincott. 


Feet. 

5.30 

do ^ 3.77 

do «4.30 

do  .- -._ -- .-_ ---.        4.20 

do _ 4.97 


J.  B.  Lippincott 
S.  G.  Bennett.. - 
do 


do 

do 

do 

do 

do 

J.  B.  Lippincott 


S.  G.  Bennett. 
do 


Sept.    6 
Dec.    28 

1901. 
Jan.    29 
Oct.    21 

* 

1902. 
Aug.  20 


do 

do 

S.  G.  Bennett 
do 

L.  M.  Lawson 


5.13 

8.^ 

7.63 

7.94 

8.42 

6.3 

4.53 

4.41 

5.41 

6.82 
9.^ 
6.65 
4.38 
4.25 
5.66 

6.18 

4.78 


a  New  rod  set  July  20,  1896. 
Discharge  measurements  of  Stanislaus  River  at  PaTrrots  Ferry. 


Date. 

1899. 
Sept.  13 


Hydrograpber. 


Stc-ffJ 

$\ 

m 

-?' 
do. 

K 

3.87? 

.S,3SS 

in 

-531 

1.4-^ 

$«= 

«i: 

¥^ 
It 

125 


Dis 


S.  G.  Bennett 


^t.-f^* 
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imated  monthly  discharge  of  Stanislaus  River  at  Oakdalr,  Stanislaus  County .  « 

[Drainagie  area,  1,061  sciuare  inilee.] 


Montb. 


1878. 
vember  f>  _ . 
member  *.  _ 


1879. 

itiary  *> 

bruary 

iTCh 

•ril 

ly 

ne 

ly 

IgVLBt  ^ 

ptember  ^  . . 

;tober  f> 

jvember  '*  . . 
^cember  *>. .. 


The  year 

1880. 

muary  ^ 

ibmary  ^ 

arch  * 

pril  '^ . . .  . .   .  _ 

ay ---- 

me 

iiy-    - 

ngust 

}ptemher 

ctober 

ovember  ^ 

©cember^ 


The  year 


MaTJTnnTn. 


Sec.-feet. 


Discharge. 


Minimum. 


9,830 
6,960 
7,890 
6,060 
6,720 
2,280 


10, 980 

10,820 

4,630 


Sec.-feet. 


350 


8,260 
2,950 
8,160 
1,820 


Mean. 


42 
42 


I 


525 

1,994 

4,528 

4,807 

4,098 

4,887 

1,584 

126 

21 

21 

74 

680 

1,858 


4,370 
5,240 
1,680 


315 

526 

630 

5,781 

7, 251 

7,742 

3, 255 

735 

74 

32 

21 

630 

2,249 


Run-off. 

Total 
dischargre. 

Per 

square 

mile. 

Depth. 

Acre-feet. 

Sec.-feet. 

Inches. 

2,499 

0.04 

0.04 

2,582 

.04 

.05 

32,281 

.50 

.58 

110,741 

1.89 

1.97 

278, 108 

4.80 

4.96 

256,284 

4.09 

4.56 

251,976 

3.90 

4.50 

261,044 

4.17 

4.65 

97,896 

1.51 

1.74 

7, 747 

.12 

.14 

1,249 

.02 

.02 

1,291 

.02 

.02 

4,403 

.07 

.08 

88, 787 

.60 

.69 

1,341,257 

1.77 

23.91 

19, 869 

0.30 

0.85 

80,256 

.50 

.58 

38, 737 

.60 

.69 

343,993 

5. 50 

6.14 

445, 846 

6.90 

7.96 

460,681 

7.37 

8.22 

200,142 

3.10 

3.57 

45, 193 

.70 

.81 

4,403 

.07 

.08 

1,967 

.08 

.03 

1,249 

.02 

.02 

38, 737 

.60 

.69 

1 , 630, 573 

2.14 

29.09 

a  Authority:  California  State  engineering  department  from  November,  1878,  to  October,  1884; 

uited  States  Geological  Surrey  from  June,  1895,  to  December,  19no. 

b  Estimated  from  run-oif  of  neighboring  streams  and  from  preyious  measurements. 
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Estimated  monthly  discharge  of  Stanislaus  River ^  etc, — Continned. 


Month. 


1881. 

January  « 

February  «  . . . 

March  « 

April « 

May  « - 

June^ 

July 

August 

September  _ . . 

October 

November  .. 
December 


The  year 

1882. 

January 

February 

March 

April 

May . .  - 

June  « 

July«. 

August « _ 

September  «  _ . . 

October  « 

November  «  . .  _ 
December  « 


The  year 


Discharge. 


1>ff>T<TniiTn. 


Sec.'feet. 


MfatTnTiin 


ISCCm'J^^tm 


Mean. 


8ec.-/eet. 

2,102 

5,255 

2,102 

4,729 

5,255 

2,738 

960 

360 

140 

120 

150 

1,488 


2,116 


898 

908 

4,771 

3,782 

5,155 

5,255 

1,892 

105 

105 

473 

868 

210 


1,951 


Bmwiff 


Total 


Per 

square 
mite. 


Acre-feet. 

129,247 

291,847 

129,247 

281,394 

823,117 

163, 6S5 

59,038 

22,136 

8,330 

7,878 

8,925 

91,493 


Sec.'feet. 

2.00 

5.00 

2.00 

4.50 

5.00 

3.60 

.91 

.34 

.13 

.11 

.14 

1.42 


rvptL 


/»ri., 


24,472 

50,428  : 

293,357 

235,044 

316,968 

813,694 

116,334 

6,456 

6,348 

29,083 

21,897 

13, 912 


1,415,893 


iX 


1. 


.* 


1.^ 


1,514,767         2.01 


0.88 

.86 

4.54 

3.60 

4.91 

5.00 

1.80 

.10 

.10 

.45 

.35 

.90 


0.44 


.  I. 


1.85 


33.r 


a  Estimated  from  nm-off  of  neighboring  streams  and  from  preTioas  measiureiikeQt& 
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Estimated  monthly  discharge  of  Stanislaus  River,  etc. — Continned. 


Month. 


18S8. 

Jannaiy 

Febmary  « 

Kiarch  « 

April « 

May  « 

June" --. 

Julya 

August « 

September  « _ . 

October  « 

November  « ,  . 
December  « 


The  year 

1884. « 

January 

February 

March 

April  -._ 

May 

Jmie 

July.. 

August 

September 

October 


1895. 

June _- 

July 

August 

September  ... 

October 

November 

December 


Disclua^. 


MftTiniiifn. 


Sec.-feet. 


Mlnlmnm. 


Sec.-feet. 


8,510 
3,842 

550  I 
3,161  ' 
,246 
179 
414 


Mean. 


Sec.-feet. 

525 

420 

840 

2,102 

5,255 

4,204 

1,051 

815 

210 

168 

210 

210 


1,292 


268 
8,153 
4,204 
4,729 
4,729 
5,255 
4,204 
1,051 
210 
158 


3,842 
550 
145 
145 
145 
179 
145 


Total 
difloharge. 


Acre-feet. 
82.281 


5,686 
1,778 
830 
638 
176 
179 
198 


28 

51 

125 

328 

250 

64 

19 

12 

10 

12 

12 


987 


16 

181 

258 

281 

290 

812 

258 

64 

12 

9 


388 
109 
20 
37 
10 
10 
12 


825 
649 
078 
117 
155 
628 
868 
496 
880 
496 
912 

880 


171 
862 
494 
894 
775 
694 
494 
628 
496 
715 


340 
330 
304 
970 
802 
651 
208 


Bnn-oif. 


Per 

square 

mile. 


Sec.'feet. 

0.50 

.40 

.80 

2.00 

5.00 

4.00 

1.00 

.30 

.20 

.16 

.20 

.20 

1.23 


0.25 
3.00 
4.00 
4.50 
4.50 
5.00 
4.00 
1.00 
.20 
.15 


5.41 
1.69 
.31 
.61 
.17 
.17 
.19 


Depth. 


Inches. 

0.58 

.42 

.92 

2.28 

5.76 

4.46 

1.15 

.85 

.22 

.18 

.22 

.28 


16.72 


0.29 
3.24 
4.61 
5.02 
5.19 
5.58 
4.61 
1.15 
.22 
.17 

6.04 
1.95 
.36 
.68 
.19 
.19 
.22 


« Estimated  from  rnn-off  of  neighboring  streams  and  from  previous  measurements. 
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Estimated  monthly  discharge  of  Stanislaus  River,  etc, — Contmiiti 


Month. 


1896. 

January 

February 

March 

April  --- 

May 

June -  -  - . 

July 

August 

September  . . . 

October 

November 

December 


The  year 

1897. 

January  _ 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November..   _. 
December 


Total 
discharge 


ROE-f 


IVr 
jsqaare 

mile 


Acre-feet.    ^  Sec.  fe^  t 
111,058  1.72 

45,038 
151,505 
194,870 
290,092 
389,247 

79,503 

23,703 

19, 761 

14,695 

41,968 

41,904 


3.11 
4.57 
6.23 
1.23 
.37 
.32 

.67 
.60 


1,935  1.403,344    l.« 


37,446 

180,607 

117,750 

301,328 

450,  $:« 

123,590 

35,786 

12, 175 

9,045 

10,822 

15, 174 

25,272 


3.10 

l.y2 

4.81 

6.97 

1.9!^ 

..w 

.19 

.14 

.17 

.S4 

.39 


The  year 10,580 


140   1,835  1,319,333   1.74 
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Estimated  monthly  discharge  of  Stanislaus  River ^  etc. — Continned. 


Month. 


1898. 

luary 

bruary 

ircb 

iril 

ly 

ne 

ly 

ignst  -  - 

pt^xnber 

tober _ . 

)veinber 

jcember  _ .  _    . 

The  year 

1899. 

nnary  _ 

jbmary 

arch 

pril 

ay 

ine 

iiy ---- 

agust  .  _ 

jptember  .  . . . 

ctober  _ 

ovember 

ecember 

The  year 


Discharge. 


Maximum. 

Sec.'feet. 

386 

1,872 

1,000 

3,920 

2,540 

880 

384 

100 

100 

100 

100 

815 

8,920 


Minimum,  i    Mean. 


Sec.-feet. 

74 

156 

886 

586 

586 

480 

74 

27 

50 

74 

50 

74 


27 


1,240 

70 

690 

130 

18,940 

220 

5, 270 

1,450 

5,780 

1,450 

4,682 

1,045 

1,120 

175 

265 

90 

130 

50 

1,200 

90 

2,340 

90 

5,015 

550 

Sec.-feet. 

207 

389 

572 

1,818 

1,378 

647 

167 

66 

61 

77 

71 

139 


466 


18, 940 


50 


457 

355 

2,425 

3, 525 

2,559 

2,663 

502 

150 

85 

309 

1,092 

1,461 


Run-off. 


Total 


Acre-feet. 
12,728 


1,299 


21, 

604 

85, 

171 

107, 

881 

84, 

730 

88, 

499 

10, 

268 

4, 

058 

3, 

630 

4, 

735 

4, 

225 

8, 

547 

836, 

076 

28, 

100 

19, 

716 

149, 

108 

209, 

752 

157, 

848 

1 

158, 

459 

30, 

867 

9, 

223 

5, 

058 

19, 

000 

64, 

978 

89, 

834 

941, 

443 

Per 

square 

mile. 

Depth. 

Sec.  feet. 

Inches. 

0.20 

0.28 

.37 

.89 

.54 

.62 

1.78 

1.98 

1.81 

1.51 

.62 

.69 

.16 

.18 

.06 

.07 

.06 

.07 

.07 

.08 

.07 

.08 

.18 

.15 

.44 

6.00 

0.44 

0.51 

.84 

.35 

2.81 

2.66 

8.85 

3.74 

2.48 

2.80 

2.53 

2.82 

.48 

.55 

.14 

.16 

.08 

.09 

.29 

.33 

1.04 

1.16 

1.39 

1.60 

1.24 

16.77 
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Enti mated  monthly  discharge  of  Stanislatis  Rivfer,  rfc— Cootmuei 


Diflcbarge. 


Month. 


Bum; 


Maxlmnxn. 


1900.  Sec-feet. 

January !  7, 050 

February 1,100 

March 2,640 

April -..-'  3,000 

May_ 4,377 

June... 3,126 

July  - -- !  960 

Angust - 110 

September 70 

October '  2, 760 

November     ■  6,037 

December... 1,640 

The  year 7,050 


MiniTnnm. 

Mean. 

Total 
diBrhaiyB. 

Acre-feet. 

aqnre     >:' 
mile. 

Sec-feet. 

Sec-feet. 

See.-f«t.    /*• 

820 

1,944 

119,532 

1.85       : 

540 

700 

38,876 

.67 

540 

1,829 

'       112,461 

1.74 

1,260 

1,761 

104,787 

1.68 

1,260 

3,343 

205,553 

ZA^       - 

960 

1,863 

110,856 

1.77       ' 

70 

349 

21,459 

.33 

30 

64 

3,935 

.06 

30 

46 

2,737 

.(H 

70 

448 

27,546 

.43 

310 

1,220 

72,595 

1.16 

610 

871 

53,556 
873.893 

.ftJ 

30 

1,203 

1.15     :' 

Discharge  measurement  of  Cascade.  Creek,  Stanislaus  River,  Tuolumne  ( "*• 


Date. 


Hydrographer. 


Oct.     21,1896 


J.  B.  Lippincott 


IXscharge  measurement  of  Cow  Creek,  Stanislaus  River,  T\u>lumne  Oiht 


Date. 


Hydrographer. 


><• 


Oct.    21,1896 


J.  B.  Lippincott 
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Discharge  measurement  of   Stanislaus  River,  Main  Fork,  Eureka  Valley, 

Tuolumne  County. 


Date. 

Hydrographer. 

Dis- 
charge. 

)v.   30,1896 

J.  B.  Lippincott _ 

Sec.-feet. 
158.0 

Discharge  measurement  of  Mill  Creek,  Stanislaus  River,  Tuolumne  County, 


Date. 


Hydroin^pher. 


t.    21,1896  I  J.  B.  Lippincott 


Remarks. 


scharge  measurement  of  Niagara  Creek,  Stanislaus  River,  Tuolumne  County, 


Date. 


Hydrographer. 


t.     21,1896 


J.  B.  Lippincott 


Dis- 
cbarge. 


Sec-feet. 
1.5 


Remarks. 


Hcharge  measurement  of  Stanislaus  River,  Middle   Fork,  Donnels  Flat,  near 

mouth  of  Niagara  Creek,  Tuolumne  County. 


Date. 


Hydrographer. 


Dis- 
charge. 


Remarks. 


t.     12, 1899 


Mr.  Coul 


Sec.-feet. 

144  !  Mean  of  12  measurements  not 
influenced  by  reservoired 
water;  no  diversion  above. 


scharge  measurement  of  Stanislaus  Rivin',  Middle  Fork,  north  of  Shot  Onn, 

Tuolumne  County. 


Date. 


Hydrc^rapher. 


1901. 
pt.      16, 17     C.  E,  Moore 


Dis- 
charge. 


Sec.  feet. 
300 


Remarks. 


IRR  81—03 22 
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Discharge  mea«urement  of  Stanislaus  River,  Odkdale  Ditch  Companf*  Fl^ 

Stanislaits  County. 


Dato. 


Hydroirrapfaer. 


Gaffe 
heii^it. 


1899.     I 
May    19  I  S.  G.  Bennett 

1902. 


Feet. 


May  12 
Do.. 
Do.. 


28 


Dis- 
charge. 


Sec-feet. 
10.6 


Remarks 


S.  G.  Bennett 

do 

...-do ;     13.71  I 


36.0       FlmneKo.lS.maincaittl'^ 
low  head  of  OakdafeO^ 

73. 0       FlTune  Xo.  6.  main  cazo!  '*- 
low  head  of  Oakdale  C^sil 


DiHcharge  mecumremeiits  of  Stanislaus  Water  Company's  Canal,  Stamdatu  Bir- 

near  Knights  Ferry,  Stanislaus  County. 


Date. 


Hydrographer. 


Gaffe 
leiffht. 


heig 


Dis- 
charge. 


Remarks 


1896. 

I 

Sept.     8  I  H.  Crowe 


Oct.     30 

1897. 
Feb.    16 
Do.. 


J.  B.  Lippincott 

J.  B.  Lippincott 
do 


Feet.     I  Sec-feet. 

I  66 

38 


Total 


May    30 
Do.. 


July    13 
Do.. 


Sept.     6 
Do.. 


Oct.     29 
Do_. 


Dec.    19 
Do. 


J.  B.  Lippincott 
do 

Total  

A.  Q.  Campbell 
do 

Total 


26     Below  forks. 

13     Little  John  Canal. 


I . . 


-  --  -  -I  —  - 


39 

54 
12 


Main  canal  below  fork* 
Little  John  Canal. 


66 


86  ,  Below  forks. 

15  '  Little  John  Canal. 


51 


A.  Q.  Campbell 
do 

Total 

A.  Q.  Campbell 
do 

Total 


52     Below  forks. 
1  !  Little  John  CanaL 


53 

35 
1 


36 


J.  B.  Lippincott 
do 


Total 


17 
4 

21 


Below  forks. 
Little  John  Canal. 


Below  forks. 
Little  John  CanaL 
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i^Jiarye  mecuurementH  of  Stanislaus  Water  Company's  Canal,  etc. — Ck>ntinued. 


Date. 

1898. 
pr.    17 

ine  1 

ily  29 

ct.  5 

et.  6 

1899. 
ay    19 
me     6 

1900. 
ay     9 
>pt.     7 

1902. 
ay    12 
ng.   16 

ag.  17 
Do.. 


ag.   17 
ag.  20 

Do., 
ig.  21 

Do.. 

Do. 


ig.  14 

ig.  22 

ag.  24 

ag.  21 

ig.  23 

ag.  19 

ag.  17 


HydrogTBpher. 


J.  B.  Lippincott 

.-do 

do 


do 
do 


S.  G.  Bennett 
do 


S.  G.  Bennett 
do 


S.  G.  Bennett 
E.T.Perkins  . 

do 


do 


Total 


E.  T.  Perkins 


.do 


do 
do 

do 

do 

do 


L.  M.  Lawson 
do    


do 
do 
do 
do 


height. 


Feet. 


2.79 


1.14 


.6 


Dis- 
charge. 


Sec-fe^-t. 
58 

72 
42 
33 
33 

74 


RemarkH. 


95 

85 

129 
3.5 


67 
1 


68 


2.3 


54 

16 
58 


Main  canal  flume  No.  3. 
Do. 


Do. 
Do. 

Do. 
At  headworks  of  canal. 


Flnme  No.  3,  main  canal. 

San    Antonio  Creek    below 
mouth  of  Big  Tree  Creek. 

Angel's    ditch     near    head 
North  Fork  Stanislaus. 

North  Fork,  400  feet  below 
suspension  bridge. 


Mill  Creek  at  junction  Love 
and  Morgan  creeks. 

Power  company's  flume 
above  ditch  tender's  house, 
South  Fork. 

Do. 

Clarks  Fork  at  mouth  Mid- 
dle Fork. 


126 

Middle  Fork  below  mouth 
of  Clarks  Fork. 

73 

Middle  Fork  above  mouth 
of  Clarks  Fork. 

53 

Standard  ditch  at  flume  No. 
59. 

193 

Below  Colliers. 

170 

Abbotts  ferry. 

168 

Parrotts  ferry. 

171 

Robinsons  ferry. 

166 

Knights  ferry. 

154 

Stanislaus  Water  Co.'s  canal 
below  intake. 
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Discharge  measurements  of  Stanislaus  Water  Company^ s  Canals  e/r.— COTii 


Date. 


Hydrographer. 


At. 


Dis- 
charge- 


Remarks. 


Sec-feet. ' 

»28     At  headworks  Stjini^Ia 
Water  Co.  s*  Canal.  «T_- 
above  EnightE  Ferry. 

«»85 


113 


a  River. 


b  Canal. 


Discharge  msasureTnents  of  Stanislaus  River,  Tuolumne  Cottntf. 


Date. 


1896. 
Sept.     8 

1901. 
Sept.  17 


Hydrographer. 


Gage     I      DiB- 
height.      chax^^. 


Locality. 


Feet. 


J.  B.  Lippincott 


Sec. -feet. 
60 


C.  E.  Moore 


Sonth  Fork  at  Sugar  F^* 
In  flmne:  not«itmt'l?'-* 
river. 


300     Middle  Fork,  15  milt^  s  • 
junction  with  Xarth  F  •:»■ 


STONY  CREEK. 

This  stream  drains  7(X)  square  miles  of  the  eastern  slopes  «'t  " 
Coast  Range.     After  reaching  the  Sacramento  Valley  it  flows  3 
for  a  number  of  miles,  contrary  to  the  general  drainage,  and  t' 
turns  eastward  and  enters  the  Sacramento  River  20  miles  belo«^^ :' 
Cal.     A  large  portion  of  the  basin  near  the  heads  of  the  sirti^  • 
heavily  covered  with  commercial  timber.     There  are  a  number  of  ^*' 
reservoir  sites  on  this  stream  and  its  tributaries. 

On  January  30,  1901,  a  gaging  station  was  established  by  Mr.  B^ 
Cole  at  Julian's  ranch,  6  miles  northwest  of  the  town  of  Fnito.  u 
to  determine  the  amount  of  water  available  for  storage. 

For  a  description  in  detail  of  the  reservoir  sites  and  draina^  l»=»" 
of  Stony  Creek,  see  Water-Supply  and  Irrigation  Paper  No.  S^. 
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Discharge  measurements  of  Stony  Creek,  Olenn  County,  CaL 


Dato. 


)t.,        1900« 
t.,  1900« 


Hydroi^rapher. 


Burt  Cole 


V.   22,1901  I  H.  E.  Green.. 


g.     3.1900 
)t.  30.1900 


ly  28. 

)t.   30, 
)t.. 

t.. 

)t.   21, 
)t.     1, 


1900 

i9oa 

1900 

1900 

1900« 

1900<' 

1900" 

1901 

1900 
1899 


Burt  Cole 
do  .._ 


do 

do 

do _ 

S.  Q.  Bennett 

►Bnrt  Cole 


H.  E.  Green. 


Burt  Cole  - . . 
W.  W.  Brier 


V.  11,1900  !  Burt  Cole 


t).    19,1901    do 

t).    27,1901    do 

I 
,T.     9,1901  , do 

r.   30, 1901      S.  G.  Bennett 

)t.     3,1901  : do 

V.  21,1901     H.  E.  Green.  _ 

1.    26, 1902  '  S.  G.  Bennett 

b.    28,1902    do  _. 

ly     8, 1902  !  S.  G.  Bennett 

)t.  24,1902  j do 

)t.  21,1900  ;  B.  Cole 

Do do .. 


)t.  26,1900  i do 


)t.  21,1900    do 


Ga«e 
leiffht. 


heigi 


Ffrt. 


Discharge. 


Sec-feet. 


0.0 


Locality. 


/Grindstone  Creek,  4  miles 
^    above  mouth. 


38.0    I  Grindstone    Creek,    point 
above  bridge. 

1.7    j  Hall  ditch. 

1.4       Hall  ditch,  100  feet  above 
head  gate. 

2. 3  Grland  ditch. 

1.7  Do. 

1.3  Do. 

7. 7  1  mile  below  Elk  Creek. 

.  0    '  Briscoe  Creek,  at  mouth. 


6. 
5. 
4. 
3. 
4. 
3. 
10. 


5. 


3. 


9 

6 

9 

17 

3 

9 

0 

33 

00 


10.4 

13. 8     I 
3. 25 

62.0     I 

18,000.0  «> 

2, 583. 0 

933.0 

382.0 

3.4 

165.0 

126.0 

7, 336. 0 

1,080.0 

14.0 

.3 

20.0 

6.2 

.3 


Briscoe  Creek,  above  dam 
site. 

Brown  ditch. 

Thomas  Creek,  Tehama 
County,  at  Richfield  Sta- 
tion. 

Gaging  station,  Julian's 
ranch. 


Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Laux  ditch. 

Stony  Creet,  near  Stony 
Fork,  above  Laux  ditch. 

Stony  Ford  ditch,  at  head- 
gate. 

Welton  ditch  headgate. 


a  Dry. 


h  Estimated. 
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Estimated  monthly  discharge  of  Stony  Creek  at  Julian's  mueh. 

[Dndnage  area,  7d0  square  zniled.] 


Bns^ 


1902. 
January 
February 
March  . . 
April 
May 
June 
July 
August 
September 
October 
November 
December 

The  year 


Total  dis- 

1 

charge. 

Per 

aqmre 

iir 

mfle. 

Acre-feet      Sec-fert.    .%■*.. 
150,339  1      3.56       '^' 


54,906 

21,481 

31,459 

8,927 

430 

246 

2,083 

7,993 

9,580 

28,132 

298,578 


7,010 

233,312 

159, 130 

90,5^5 

35,540 

7,855 

184 

184 

536 

5,657 

94,255 

69,604 

703,832 


1.18 
.48 
.46 
.09 
'.01 
.01 
.05 
.17 
.21 
.56 

.57 

0.15 
5.53 
3.41 

2.00 

.76 

.17 

0 

0 

.01 

.12 

2.  ON 

1.49 

1.31 
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SUSAN    RIVER. 
yUcharge  mecLfnirenientsof  Susan  River  at  Honey  Lake  Basin,  Lassen  County. 


>aU>. 


899. 


r. 
r. 
r. 
ne 
r. 


18 
18 
23 
4 
24 


Hydrographer. 


Albert  Halen... 
W.D.Minckler. 
Albert  Halen  . . 

do 

W.  D.  Minckler. 


De     4  . do 

ae  1 1  ,  Albert  Halen 

ne  11  '  W.D.Minckler. 

1900.     ' 

ne     4  I  L. H.Taylor 

Iv   30  I do 

m  I 

t.     10  1 do 


1899. 

>r.    18  '  Albert  Halen 


)r.  23 

ne  4 

ne  11 

ne  11 

)r.  18 

)r.  23 


do 

do 

do 

do 

W.D.Minckler 
do 


ne  11  I do 


do 


L.  H.  Taylor 
do 


1900. 
ine  30 
ily     5 

1901. 
ar,  16 
pr.     5 

ay    20    do 

me     7 do 


height. 


Feet. 


2.60 
2.85 

2.80 


3.20 
2.60 

4.30 
4.00 
4.50 
3.60 


Dia^ 
charge. 


Sec.'feet. 
25.0 
25.0 
28.0 
25.0 
28.0 

24.0 

21.0 
21.0 

16.0 
26.0 
20.0 

139.0 

115.0 
37.0 
33.0 
34.0 
14.5 
41.0 
34.0 

23.0 

40.0 
8.0 

274.0 

178.0 

351.0 

84.0 


Locality. 


Month  of  Willow  Creek. 

Do. 

Do. 

Do. 

Willow  Creek,  near  Raven- 
crofts. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 


Main  river,  dam  near  mouth 
of  Willow  Creek. 

Do. 

Do. 

Do. 

Main  river,  l)elow  dam. 

Do. 

Do. 

Main    river,  below   Colony 
dam. 

Do. 

Near  SujBanville. 
Do. 


Do. 
Do. 
Do. 
Do. 
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Discharge  nieasurenienis  of  Susan  River  at  Honey  Lake  Bamn^  etc. — Contmur^. 


Date. 


1899. 


Hydrographer. 


i-  ■ 


Dis- 
cbarge. 


LKKality. 


Hec.-feet.  j 

June  11  '  W.  D.  Minckler I    33.00  ,  North  and   Sonth    branches  aV«» 

Colon  J  dam. 

31.00 

30.00 


Apr.  24  ; do 

June     4    do 

Apr.     4    do... I     11.00 

Jnne  4   ' do '      7.00 

Apr.  18  , do  .  _ _  _ 

Apr.  23    do. _. 

Jnne    4  ' do 

I 

Jnne  11  I do 


Sonth  Branch.  Otis  Johnson'^ 

Do. 
North  Brancb,  Otis  Johnson's 

Do. 
30.00  i  Tanners  Slouch. 

Do. 

Do. 

Do. 


27.00 
15.00 
18.00 


I 


SUTTER  RIVER. 
Discharge  measurement  of  Sutter  River ^  Ama^ior  Couniy, 


Date. 


Hydrofnnapher. 


1899.    ; 

Sept.  18  I  S.  G.  Bennett 


Dis- 
charge. 


Locality. 


Sec.'/ee\ 
I.Oj 


At  Sntter  Creek  (estinoatedi 


SWEETWATER  RIVER. 

The  drainage  basin  of  Sweetwater  River  is  in  the  extreme  s^itb^ 
western  corner  of  the  United  States,  being  in  San  Diego  County.  Ca! 
adjacent  to  the  Republic  of  Mexico.  The  river  flows  from  the  we>i^r' 
slope  of  Cuyamaca  Mountain,  which  rises  to  an  elevation  of  6,(X«»ft^* 
The  city  of  San  Diego,  on  the  coast,  is  about  33  miles  west  and  - 
miles  south  of  this  peak.  The  drainage  basin  is  34  miles  in  len^b^ 
about  5  miles  in  width,  its  total  area  above  the  reservoir  being  I* 
square  miles,  as  determined  in  part  from  survey  and  in  part  fwmr^ 
county  maps.     This  area  is  classified  as  follows: 

Steep  and  rocky  mountains  favorable  to  large  mn-oflf ._ ... 

Lower  rolling  mountains,  usually  covered  with  brush ' 

Rolling  hills,  covered  with  soil  and  disintegrated  granite . 

Agricultural  lands  (17  per  cent)  and  river  bottom 

Total - - -.J 

The  most  noticeable  topographic  feature  of  this  basin  influencLD^^- 
run-off  is  the  abrupt  flattening  of  the  slopes  at  the  base  of  the  mo's 
tains  into  agricultural  fields.  The  drainage  lines  deeply  cut  into': 
steep  hillsides  are  quickly  lost  or  are  poorly  defined  in  crossing  th<*  f' 
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lluvial  cones  or  partly  filled  valleys  on  the  low  grounds.  In  turn, 
10  nearl}'  level  fields  or  parks  drain  into  deep  canyons.  The  occa- 
onal  flood  caused  by  a  heavy  rain  rushing  down  the  mountain  side 
3reads  out  over  the  flat  lands,  much  of  it  disappearing  before  it  can 
?ach  the  lower  canyon.  The  steady  percolation  which  might  be 
Kj^ected  at  points  below  is  to  a  large  extent  cut  off  by  the  high  rate 
F  evaporation,  and  thus  the  percentage  of  run-off,  taking  the  basin  as 
whole,  is  small.  A  more  detailed  description  of  this  river  is  given 
I  William  Ham.  Hall's  report  on  irrigation  in  southern  California. 

The  figures  relating  to  the  amount  of  water  draining  from  this  basin 
iid  also  the  other  details  given  in  the  following  table  have  been  com- 
iled  from  data  obtained  by  Mr.  H.  N.  Savage,  chief  engineer,  and 
[r.  James  D.  Schuyler,  consulting  engineer,  of  the  San  Diego  Land 
nd  Town  Company.  The  first  column  in  the  table  gives  the  evapora- 
on  from  the  surface  of  the  Sweetwater  reservoir  in  inches  in  depth 
er  month.  This  was  measured  from  a  metallic  jmn  exposed  to  the 
irect  rays  of  the  sun  at  a  point  near  the  dam,  this  being  continued  in 
se  until  May,  1893.  Subsequently  observations  were  made  by  means 
f  a  Piche  evaporometer.*  This  was  placed  in  an  instrument  shelter 
f  the  ordinary  type  used  by  the  Weather  Bureau.  This  shelter  is  15 
?et  above  the  ground  and  about  40  feet  above  the  level  of  the  lake, 
oing  located  500  feet  northeast  from  the  gate  tower.  It  has  been 
otcd  that  the  records  from  the  Piche  evaporometer  which  cover  the 
anie  months  as  those  from  the  pan  are  in  the  ratio  of  48  to  57.  It  is 
elieved  that  the  exposed  pan  gives  more  nearly  the  evaporation  from 
he  water  surface  than  the  Piche  evaporometer.  If  the  evaporation 
-ere  annually  5  feet  in  depth  from  the  surface  of  the  reservoir — that 
*,  from  the  70-foot  level  down  to  the  Go-foot  level — the  loss  would 
mount  to  24  per  cent  of  the  total  amount  stored.  The  area  of  the 
pservoir  at  the  70-foot  level  is  721.86  acres. 

The  average  wind  velocity  given  in  miles  per  hour  is  that  noted  at 
he  city  of  San  Diego,  12  miles  from  the  reservoir,  and  under  similar 
onditions.  In  this  connection  it  may  be  well  to  note  the  results 
btained  by  Prof.  Thomas  Russell  as  to  the  effect  of  velocity  upon 
vaporation  obtained  by  whirling  the  Piche  evaporometer  at  varying 
ates. 

Experiments  were  made  which  show  that  the  effect  of  the  wind  on  the  evapora- 
ion  from  a  vessel  exposed  in  the  open  air  is  very  great.  Two  Piche  instruments 
rere  taken,  one  suspended  in  quiet  air  and  the  other  fixed  rigidly  on  the  end  of  the 
8-foot  arm  of  the  whirling  machine  set  up  in  the  inclosure  of  the  Pension  Office 
nilding.    The  whirling  machine  was  the  one  used  in  standardizing  anemometer. 

The  instruments,  filled  with  water,  were  first  weighed  on  a  fine  balance  to  the 
lundredth  of  a  gram.  The  whirling  arm  was  then  turned  so  that  the  Piche  on 
ts  end  moved  with  a  velocity  of  5  miles  an  hour.    The  motion  was  continued  for 


a  Described  by  Prof.  Thonuus  Bnfisell  in  the  Monthly  Weather  Review  for  September,  1H88,  in 
onnection  with  a  report  upon  the  depth  of  evaporation  in  the  United  States. 
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half  an  honr,  and  at  the  end  of  the  time  both  Piches  'were  again  wei^^faed.  Tbri 
the  Piche  that  had  been  suspended  in  quiet  air  was  put  on  the  arm.  and  tiw«>i> 
that  had  been  on  the  arm  was  put  in  its  place.  The  w^hirling  was  then  stom 
again  at  the  same  velocity,  and  continued  for  another  half  hour.  At  the  end  : 
the  time  the  Piches  were  again  weighed.  While  this  "was  being  done  the  hnnai 
ity  of  the  air  was  determined  from  time  to  time  by  means  of  whirled  wet  and  dr 
bulb  thermometers. 

Observations  were  also  made  in  the  same  way  with  the  Piche  moving  at  Tel» - 
ties  of  10, 15,  20,  25.  and  30  miles  per  hour.  At  a  velocity  of  .1  miles  an  hoartL- 
evaporation  from  a  Piche  was  2.2  times  that  from  one  in  qoiet  air;  at  10  mi.-^ 
3.8  times;  at  15  miles,  4.9  times:  at  20  miles,  5.7  times;  at  25  miles,  6.1  time^:  itfl 
at  30  miles,  6.3  times.  During  the  time  the  observations  were  made.  June  i')  &i^ 
26,  1888,  the  average  temperature  of  the  air  was  88.7  and  the  relative  hmni'iirj 
50  per  cent. 

Measurements  were  made  of  the  relative  humidity  at  the  resenroL' 
during  1893  and  1894.  When  not  obtained  at  this  point  they  are  givei 
from  the  Weather  Bureau  figures  for  San  Diego.  The  temperature  "f 
the  air  is  ta^ken  as  the  average  of  the  maximum  and  minimam  dail; 
readings.  The  temperature  of  the  water  in  the  lake  and  also  in  tb- 
pan  was  taken  daily.  That  in  the  pan  was  observed  at  about  -  p.  m.. 
thus  giving  a  reading  slightly  higher  than  that  of  the  lake,  as  thep&i 
under  the  hot  sun  caused  the  water  to  warm  slightly.  If  two  reading 
had  been  taken  each  day  at  intervals  of  twelve  hours  the  avemL'- 
would  probably  have  been  very  nearly  that  of  the  lake.  It  is  my\^ 
that  the  water  in  the  lake  was  usually  a  few  degrees  warmer  than  i^ 
atmosphere. 

RAINFALL  IN  8WBETWATBR  BASIN. 

The  rainfall  has  been  measured  at  two  rain  gages,  one  at  the  nr<rr- 
voir  and  one  at  Deseanso,  25  miles  east  of  the  reservoir  and  at  ii 
elevation  of  3,50()  feet.  The  Descanso  gage  is  3  miles  totheea^t'' 
the  summit  of  a  ridge  which  may  act  in  such  a  manner  as  to  ent i' 
the  precipitation,  thus  reducing  it  below  a  theoretical  amount  for thi* 
position.  In  addition  to  the  two  rain  gages  within  the  drainage  b^^^- 
the  record  from  a  third — that  at  the  Cuayamaca  reservoir — is  giwn 
This  is  at  an  elevation  of  4,800  feet,  and  is  only  3  miles  distant  free 
the  divide  between  the  drainage  of  Sweetwater  and  of  San  Di^ 
River.  The  gage  here  is  in  a  narrow  valley  or  canyon,  and  the  result 
obtained,  being  probably  influenced  by  local  topography,  are  regani'^' 
as  excessive  for  this  altitude  and  the  locality.  The  rainfall  at  tl- 
dam  in  the  winter  of  1900-1901  was  11  inches. 

The  total  amount  of  precipitation,  as  obtained  at  the  reservoir  aa* 
at  Descanso,  is  not  considered  as  showing  the  rainfall  npon  the  drai^ 
age  basin  as  a  whole.  One  of  the  gages  is  located  too  high  and  lb 
other  too  low  to  fairly  represent  the  average  conditions.  In  oni«-' 
therefore,  to  obtain  approximately  the  total  amount  of  water  fallici 
upon  the  basin,  certain  assumptions  are  made  and  corrections  art 
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pplied  to  the  recorded  precipitation.  It  is  assumed  that  there  is  a 
'gular  increase  in  the  rate  of  precipitation  with  altitude,  and  that 
lis  is  at  the  rate  of  0.6  inch  of  rain  for  each  100  feet  increase  in 
evatiou.  It  is  also  assumed  that  the  mean  elevation  of  the  whole 
asin  is  approximately  2,200  feet.  Taking  San  Diego,  which  is  nearly 
t  sea  level,  as  the  base  station,  this,  under  the  assumptions  just 
iven,  would  indicate  that  the  rainfall  on  the  basin  should  average 
3.2  inches  greater  than  that  at  San  Diego.  As  the  average  rainfall 
t  San  Diego  is  9.92  inches,  the  rainfall  on  the  Sweetwater  catchment 
rea  should  be  9.92  plus  13.2  inches,  or  23.12  inches. 
In  the  same  way  the  average  rainfall  is  deduced  from  the  measure- 
lents  at  the  points  within  the  basin.  At  Descanso  the  average  rain- 
ill  is  26.38  inches.  This  point,  having  an  altitude  of  3,500  feet,  is 
,300  feet  above  the  assumed  altitude  of  Sweetwater  basin.  Deduct- 
ig,  therefore,  7.8  inches  leaves  18.58  inches  as  the  average  rainfall. 
Lgain,  taking  the  results  obtained  at  the  rain  gage  at  the  Sweetwater 
Bservoir,  12.01  inches,  at  an  elevation  of  250  feet,  and  adding  to  this 
tie  theoretical  increase  due  to  altitude  of  11.70  inches,  the  sum  23.71 
an  be  applied  to  the  basin.  The  average  of  these  two  computations, 
ased  on  the  observations  at  Descanso  and  at  the  reservoir,  is  21.14 
aches  for  the  basin.  This  method  has  been  used  in  the  following 
able,  page  351,  in  determining  the  average  rainfall  throughout  the  186 
quare  miles  in  the  catchment  basin  for  each  year,  additions  being 
aade  to  the  rainfall  recorded  at  the  reservoir,  and  subtractions  from 
hat  at  Descanso,  the  average  of  the  two  results  thus  obtained  being 
Iven  in  the  table. 

RUN-OFF  FROM  SWEETWATER  BASIN. 

The  discharge  from  this  watershed,  embracing  186  square  miles, 
luring  the  winter  of  1900-1901,  was  280,000,000  gallons,  or  861  acre- 
eet. 

The  run-off  shown  in  the  table  on  page  351  has  been  computed  by 
Ir.  H.  N.  Savage.  The  stream  usually  ceased  flowing  about  the  1st 
•f  June  and  remained  dry  throughout  the  summer,  water  flowing 
tgain  in  the  fall  or  early  winter  after  the  rains  began.  At  this  latter 
ime  the  reservoir  is  at  a  low  stage,  the  water  having  been  used  for 
rrigation  during  the  hot  season.  The  flow  into  the  reservoir,  being 
wholly  held,  is  therefore  computed  from  the  increase  of  height  shown 
)y  the  readings  on  the  gage  rod  in  the  reservoir,  due  allowance  being 
nade  for  evaporation  and  the  amount  withdrawn.  Later,  when  the 
eservoir  is  full  and  some  of  the  water  overflows,  an  additional  amount 
nust  be  added.  To  obtain  this  amount  is  a  somewhat  dif&cult  matter, 
w  the  water  flows  out  through  a  gate  valve,  over  the  waste  weir,  and 
ilso  occasionally,  during  floods,  over  the  top  of  the  dam. 
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Evaporation,  temperature^  and   rainfall   at  Sweetwater  reservoir^  Safl  I)\^ 

County. 


Month. 


1888. 
September 
October . . . 
November 
December . 

1889. 
Jannary  . . 
February  . 


Evapora- 
tion. 


Inches. 


1.990 
8.886 


March '    3.380 


April 

May 

June  -  - 

July 

Angust 

September  _ 

October 

November  . 
December . . 

1890. 

January 

February  _^ 

March 

April 

May 

June - - 

July 

August 

September  - 

October 

November.- 
December . . 

1891, 

January 

February  .. 

March 

April 


4.961 
5.822 
6.806 
7.898 
8.258 
7.860 
2.998 
4.800 
.246 

1.588 
2.214 
3.2«0 
4.141 
6.140 
7.302 
7.380 
9.020 
6.482 
4.920 
5.535 

i.84r, 

8.608 
1.353 
3. 075 
3.707 


Wind 

(miles 

per 

hour). 


4.8 
5.7 
5.4 
5.6 
5.9 
•5.5 
5.1 
5.0 
5.1 
4.7 
4.4 
4.7 

5.0 
5.2 
4.9 
5.1 
4.6 
5.4 
4.7 
4.6 
4.3 
4.0 
4.3 
4.5 

4.4 
5.8 
5.3 
4.9 


Humid- 
ity. 


PtTccnt. 


80 
74 
80 
79 
75 
81 
79 
69 


69 
79 
59 
83 

58 
73 
74 
76 


TempeTBtore. 


yt^ti»»in 


Air, 
dM^reee 
Fahren- 
heit. 


70 
65 
60 
58 

57 
56 
59 
61 
61 
64 
67 
73 
71 
65 
60 
56 

48 
52 
55 
58 
60 
65 
70 
71 
72 
66 
65 
62 

55 
52 
67 

58 


Water,    ' 

degrees     Atreser^ 
FahrBn-         voir, 
heit.      1 


IncheM. 

o.oo 

.36 
2.81 
3.20 

1.56 
.82 

3.87 
.36 
.21 
.38 
.01 
.00 
.00 

3.22 


At         it 
caaao.     am. 


/itofca. 


70 


7.07 


2.20 
2.07 
1.30 
.10 
.41   ' 
.00  ' 
.00 
.07 
.42 
.45  . 
.93 
2.29  I 


.83 
5.28 

.23 
1.27 


li.r. 

I 

:  '■^' 

MS- 

1:1 

•*' 
..> 

i.n 
1    It, 

'  is: 


1.08  ' 1>^ 


21.  A' 

IS  ■»• 

l.-r 


.V*- 


U.'' 


.v.- 


0  *r 
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Evaporation,  temperature,  and  rainfall  at  Sweetwater  reservoir ^  eic— -Continued. 


Month. 


1891. 

May  _ 

rune 

Inly 

^ngrost 

September  . 

October 

LTovember.. 
December .  > 

1892. 

Tanuary 

February  . . 

^arch 

A.pril 

May - 

Tune .  _ 

July 

August 

September  . 

October 

November . . 
December . . 

1893. 
January  ... 
February  . . 

Biarch 

April 

May 

June 

July 

August  

September  . 

October 

November.. 
December . . 


Evaix>ra- 
tion. 


5.599 
6.027 
G.501 
8.890 
6.150 
6.3U 
4.100 
2.752 

2.542 
1.394 
8.075 
5.822 
4.674 
6.478 
8.808 
6.540 
6.273 
6.560 
4.766 
2.614 

2.768 
2.214 
1.076 
5.002 
4.902 
3.411 
5.318 
4.693 
4.864 
4.586 
4.513 
6.283 


Wind 

(miles 

per 

hour). 


5.4 
4.6 
4.0 
3.8 
4.7 
3.8 
3.8 
5.4 

8.7 
4.7 
4.8 
5.5 
5.7 
5.6 
5.0 
4.9 
4.8 
4.2 
3.7 
4.3 

4.0 
5.1 
6.2 
5.3 
5.8 
4.9 
5.1 
5.0 
5.1 
4.6 
4.5 
4.5 


Humid- 
ity. 


Temperature. 


Air, 
deerees 
Fahren- 
heit. 


Percent. 
75 
74 
78 
77 
76 
79 
74 
65 

58 
75 
73 
82 
68 
69 
73 
74 
74 
65 
50 
66 

51 
67 
76 
73 
72 
77 

i  t 

75 
75 
67 
65 
60 


Water, 
decrees 
Fahren- 
heit. 


61 
65 
71 
73 
73 
66 
60 
52 

55 
54 
56 
57 
61 
63 
67 
68 
68 
64 
62 
53 

57 
54 
51 
58 
61 
65 
69 
72 
66 
65 
58 
58 


69 
78 
80 
82 
76 
72 
64 
54 

54 
63 
66 

70 
71 
74 
78 
78 
76 
«68 
60 
56 

58 
59 
60 
64 
68 
76 
81 
80 
77 
70 
60 
58 


BainfaU. 


Atreeer- 
voir. 


Inche*. 
0.83 
.09 
.00 
.03 
.00 
.00 
.18 
.90 

2.42 

3.47 
.55 
.93 

1.39 
.07 
.00 
.02 
.00 
.15 
.04 

2.12 

.22 

1.96 

6.50 

.27 

.20 

.00 

.16 

.00 

.00 

.33 

.84 

2.08 


At 

De»- 

eanso. 


Inches. 


0.00 

.00 

1.50 

2.00 

3.01 

2.64 

14.07 

.50 

.00 

.00 

.75 

.00 

.25 

1.25 

3.15 

4.38 


At 
Cuya- 
maca. 


IncivtB. 

3.69 
.00 
.04 
.30 

2.67 
.00 
.45 

6.75 

7.23 

6.47 

7.76 

3.85 

5.90 

.    .67 

.00 

.00 

.00 

.30 

2.87 

3.76 

5.55 

9.13 

15.60 

1.00 

1.00 

.00 

1.20 

.30 

.00 

1.90 

3.30 

6.05 


a  End  of  measarementfi  from  pan  and  banning  of  observations  on  Picbe  evaporometer. 
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Evaporation,  temperature^  and  rainfall  at  Sweetwater  reaervoir,  etc. — ContiEsc 


Month. 


1894. 

January  

February  .. 

March 

April 

May 

June  - 

July  - 

August 

September.. 

October 

November  . 
December . . 


Evapora- 
tion. 


Inches. 
3.897 
3.588 
8.008 
3.684 
3.451 
4.688 
3.161 
8.066 
4.687 
3.282 
3.847 
2.844 


1895. 

January 2. 857 

February 2.850 

March 8.121 

April 8.989 

May _!    4.119 

June '    8.188 

July '  06.428 

August «6.744 


Wind 
(miles 

per 
hour). 


5.0 
5.2 
5.8 
5.4 
5.7 
5.6 
5.2 
4.8 
5.1 
3.8 
3.9 
4.8 

6.0 
5.0 
5.3 
5.2 

5.8 


Humid- 
ity. 


Per  cent. 
68 
67 


78 


70 
74 
72 
75 
77 
76 
72 
76 
78 

74 


77 


Tempermtore. 


Air,      !  Water, 
desreee  I  degrees 


Fftfiren- 
heit. 


50 
50 
56 
59 
59 
62 
67 
68 
69 
64 
59 
54 

53 
54 
56 
58 
63 
66 
69 
71 


Fahren- 
heit. 


52 
56 
59 
65 
68 
76 
80 
82 
75 
70 
64 
59 


BainfaU. 


Toir- 


IncAes. 

0.86 
.71 

1.69 
.04 
.15 
.00 
.00 
.00 
.00 
.04 
.00 

3.08 


9.6:^ 
1 .  52 
1.18 
.44 
.35 
.00 
.00 
.00 


At 


2.10 
3.40 
3.63 

.13 
.o«J 
.38 
.12 
.18 
.00 
.00 
.013 
7.62 


At 


I 


1 


!;»i     •>» 


19.5 


2. :«    ♦• 


3.ia 
.64 

.0" 

.Oi» 


1? 


ti 
r 


a  Estimated. 
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The  following  table  gives,  for  the  period  from  1888  to  1901,  the  esti- 
lated  precipitation  upon  the  catchment  basin,  obtained  as  stated  on 
age  347,  also  the  depth  of  run-off  in  inches  and  the  relation  which 
Kia  bears  to  the  depth  of  rainfall,  by  years.  The  years  chosen  are 
ot  calendar  years,  but  extend  from  September  to  August,  inclusive, 
s  this  division  is  more  in  accordance  with  the  distribution  of  rainfall 
nd  the  discharge  of  the  streams. 

Istiniated  rainfall  upon  the  Sweettcater  catchment  bojtin;  aJ-tso  depth  and  percent- 
age of  run-off. 


Bain. 
Inches. 

Rtm-off. 

Tear. 

Per«jnare  ^^^^^ 

1 

Per  cent. 

Sec-feet. 

887-88  

0. 0524 

888-89 

21.00 

.1875 

2.54 

12.000 

889-90     ._ 

25.71 
23.40 

.1525 

3.71 

14.000 

890-91 -  

.1602     2.07 

9.000 

891-92 

17.14 

.0460 

.62 

4.000 

892-93 •-. 

20.00 

.1210     1.61 

8.000 

893-94 - - 

14.76 

.0099 

.14 

1.000 

894-95 

27.14 

.5452 

7.12 

26.000 

895-96 - 

19.54 

.0098 

.101 

.517 

896-97 

24.91 

.0512 

.665 

2.67 

897-98 - 

18.18 

.00008 

.0005 

.008 

898-99 - - 

18.51 

.0018 

.025 

.135 

899-1900 - 

19.10 

0 

0 

0 

900-1901         

23.65 
20.29 

.0063 
0 

.087 
0 

.368 

901-1902 

0 
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The  figures  showing  evaporation,  wind  movement,  hamidity.  43«: 
temperature  are  brought  together  for  comparison  by  years  in  the  f.>- 
lowing  table.  In  this  case,  as  stated  above,  the  years  extend  frtc 
September  to  August,  inclusive,  as  this  most  nearly  agrees  with  tk- 
natural  division. 

Antiual  evaporation y  temperature^  etc,  in  Stpeeticater  Batin, 

[Eleyation  of  reflervoir,  250  feet  ] 


188a-89. 


Period. 


1889-90.. 
1890-91-. 
1891-92.. 
189^-98.. 
1893-94 . . 
1894-95 . . 
1895-96.. 
1896-97 . . 
1897-98 . . . 
1898-99... 
1899-1900. 
1900-1901. 


Evaporation. 


wind. 


Humidity.  ,  Tengera^     ^^^ 


Inches. 


Miles  per 
hour. 


Per  cent. 


Deg.F 


56.47 

4.9 

57.54 

4.6 

58.65 

;          4.8 

49.60 

4.9 

48.68 

5.1 

46.81 

5.2 

45.18 

5.2 

a41.24 

5.3 

61.93 

5.9 

''32.54 

5.8 

5.7 


72 
68 

70 

79       ; 

71 
76 

rs 

72 

75  : 


61 
61 
60 
59 
61 
61 
60 
59 
61 
62 


I 


/•v 


f 

r 


a  Evaporation  January  1  to  Anprost  81. 


<>  Evaporation  September  I  to  Apr!  J 


FLOODS  IN  THE   RIVER. 

The  Sweetwater,  like  the  other  rivers  of  southern  California,  i^l* 
ble  at  times  to  extraordinary  floods,  due  to  heavy  precipitation  \i\* 
the  catchment  biisin.     In  1893  two  floods  furnished  70  pier  cent  of" 
annual  discharge  of  the  river  for  that  year.     For  the  24  hours  eno  - 
March  24,  1893,  the  river  discharged  3,069  acre-feet.      For  the  s^^'^-^ 
days  ending  March  27,  the  total  amount  discharged  was  7,1»J^' ai*!^ 
feet.     In  January,  1895,  a  flood  was  carefully  watched  and  thef ' 
computed  at  short  intervals,  as  shown  in  the  following  table.   T: 
total  run-off  from  5  p.  m.  on  Januaiy  14  to  noon  on  January  ^  »^" 
equivalent  to  a  trifle  over  4.70  inches  over  the  whole  drainage  ba>-- 
or  in  all  46,070  acre-feet.     This  same  storm  gave  a  maximum'" 
charge  from  Cedar,  Boulder,  and  Colman  creeks,  aggregatin:: 
square  miles  within  the  drainage  basin  of  San  Diego  River,  of  1-^  ' 
second-feet. 
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Rate  of  flow  diirijig  flood  of  January,  1895,  in  Sweettvater  Rii'>er, 


Time. 


aiinary  14: 

.")  p.  m 

annary  15: 

7  a.  m 

12  m 

8  p.  m 

4  p.  m 

5  p.  in 

6  p.  m 

7  p.  m 

9  p.  m 

10  p.  m 

annary  16: 

5  a.  m 

6  a.  in 

7  a.  m 

8.30  a.  m  . 
9.80  a.  m  . 
10.30  a.  m 
11.30  a.  m 
12.30  p.  m 
1.30  p.  ni  - 

2  p.  m 

2.30  p.m.. 
3.:tf)p.  m,. 

4  p.  ni  . . 
4.30  p.m.. 
5.30  p.  m.. 
6.30  p.  m . . 
7.30  p.m. . 

8  p.  m 

innary  17: 

5  a.  m 

6  a.  m 

H  a.  m  .    .  - 


Socond- 
feet. 


0 

84 
1,855 
6,410 
5, 214 
5,262 
4,152 
6,185 
5, 567 
5,080 

3,297 

4,720 

8,585 

5,816 

5,870 

6,602 

8,713 

8,713 

13,684 

18,000 

15, 148 

18,148 

14,034 

14,490 

7,227 

9,420 

8,810 

6,930 

5, 302 
3, 545 
3,954 


Time. 


Jannary  17 — Continned. 

3p.  m 

Jannary  18: 

8  a.  m 

9  a.  m 

10  a.  m 

7  p.  m 

Jannary  19: 

5a.  m 

8.30  a.  m 

9.30  a.  m : 

10.30  a.  m 

11.80  a.  m 

1.30p.m... 

8  p.  m 

3.30  p.  m 

4p.  m 

4.30  p.  m - 

9  p.  m 

Jannary  20: 

7  a.  m  _ .  1 -  - 

9  I    m 

10  a.  m 

11  a.  m. 

1  p.  m 

2p.  m 

Jannary  21: 


Second- 
feet. 


I  a.  m . . . 
10  a.  m.. 
12m-... 
5.30  p.  m 
Jannary  22: 
7  a.  m  - . . 
12m--. 


4,416 

3,381 
2,090 
2,048 
2,466 

1,582 
2,944 
2,888 
8,068 
3,470 
8,364 
8,968 
4,692 
3,224 
3,230 
3,176 

3,314 
2. 805 
2, 674 
2,4^4 
2, 5(M) 
2, 130 

1,880 
820 
750 
800 

810 
530 


INCREASE   OF  PRECIPITATION   WITH   ALTITUDE. 

In  connection  with  the  above  data  concerning  the  rainfall  and  run- 
f  on  the  Sweetwater  drainage  basin,  the  writer  lias  given  a  discus- 
on  of  the  precipitation  in  southern  California,  and  has  brought 
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together  figures  showing  the  increase  of  rainfall  with  altitude.   11:' 
following  statement  is  quoted  from  a  report  made  on  this  snbject. 

The  warm,  moisture-laden  winds  from  the  sea  on  their  inland  jooneT  ar 
driven  np  the  slopes  in  the  Coast  Range.  As  they  rise  in  elevation  they  expaai 
nnder  the  lighter  atmospheric  pressnre,  become  chilled,  and  are  depriTed  of  H 
moistnre  in  excess  of  the  point  of  saturation  at  that  temperature  and  prem^ 
This  lowering  of  temperature  in  their  ascent  is  more  pronounced  in  winter  d-:!: 
in  summer,  and,  coupled  with  the  fact  that  a  high  barometer  is  nomud  off  tb- 
coast  of  southern  California  during  the  summer  season,  the  winds  yield  mncfa  W 
rain. 

The  year  in  Calif omia  is  naturally  divided  into  a  wet  and  a  dry  season,  tbv  ^ 
season  beginning  about  the  Ist  of  May,  with  little  rain  falling,  except  in  thaDdcr- 
storms  in  the  high  mountains,  before  the  1st  of  October.  The  rains  then  ^i- 
uaUy  increase,  reaching  their  maximum  in  January.  The  records  of  the  Tnir^i 
States  Signal  Service  and  the  Weather  Bureau  begin  the  year  with  the  1st  of  Ji& 
uary.  This  is  not  a  proper  division  in  this  region,  as  it  will  not  show  either  r*- 
TnaTimnm  or  minimum  years  of  rainfall.  Engineers  divide  the  year  either  vit! 
the  Ist  of  July  or  the  1st  of  September. 

The  effect  of  topography  on  rainfall  is  given  in  a  report  by  Prof.  G.  £.  Cmt- 
in  the  following  words: 

*'  In  general  the  amount  of  rain  increases  with  the  elevation  above  sea  le^I  c 
to  a  maximum  plane,  after  which  a  decrease  takes  place.  S.  A.  Hill  has  st'm 
that  in  the  northwest  Himalayas,  where  the  rainfall  is  most  remarkable  in  aic^' 
and  rate  of  variation,  the  observations  can  be  represented  by  the  following  emr-:* 
ical  formula:  R=l  f  1.92/1- 0.40 /i'-j-0.02/i»,  in  which  B  represents  the  am"- 
of  rain  and  h  the  relative  height  in  units  of  1 ,000  feet  above  the  assumed  pUs- 
which  is  itself  1 ,000  feet  above  sea  level.  From  this  formula  the  height  ctf  mar 
mum  rainfall  is  computed  to  be  3,160  feet  above  the  plane,  or  4,160  feet  aboTv^^ 
level.  It  is  further  shown  that  this  elevation  is  that  at  which,  acoording  t>  *^ 
observed  law  of  decrease  of  temperature,  the  southwest  monsoon  is  ciioled  ;-•* 
below  its  dew-ix)int.  This  point  will  be  that  at  which  in  the  mean  w^sh-^- 
expect  the  maximum  precipitation  to  take  place.  *  *  *  A  very  rapid  dmir- 
tion  takes  place  on  the  leeward  side,  where  the  stations  record  only  abimt  U' 
the  amount  of  rainfall  given  by  stations  of  equal  elevation  on  the  windinir 
side." 

Similar  conditions  prevail  in  Ctdifomia.    In  illustration  the  following  a'  * 
(p.  355)  is  given,  in  which  the  results  obtained  at  a  base  station  are  o^upft^- 
with  those  from  other  stations  in  the  vicinity  and  on  that  jMiralleL     The  ba»'  >'» 
tion  in  each  case  is  one  whose  record  is  of  long  standing.    In  the  table  the  9K^^ 
column  gives  the  period  during  which  the  record  has  been  kept.    The  third  96  '•  * 
the  elevation  of  the  station  above  sea.    The  fourth  gives  the  i^rnnw^  arrn-" 
recorded  rain  at  that  station.    The  fifth  gives  the  relation  of  the  rainfall  at  ^ 
base  station,  during  the  years  that  rainfalls  were  actually  recorded  at  the  sta".-  ' 
under  consideration,  to  the  total  average  rainfall  recorded  at  the  base  star 
during  its  entire  period  of  observation.    The  recoigd  at  the  second  station  is  -> 
adjusted  by  this  ratio  and  a  probable  average  rainfall  is  determined  for  thests:  * 
considered  and  entered  in  the  sixth  column  under  the  head ' '  Probable  mean  rair 
For  example,  take  the  station  Poway.    The  record  at  this  point  is  for  ten  >(*•• 
while  the  record  at  the  base  station,  San  Diego,  has  been  kept  for  a  perioi 


a  Signal  Seryice  Notes.  No.  16  The  effect  of  wind  cmrents  on  rain&ll,  by  G  R.  i^oitK  ▼»' 
ington,  1884,  pamphlet,  11  pp.,  pp.  6-7. 

ft  See  btatement  of  Arthur  Jacobs,  late  executive  enerineer  for  irrigation.  Her  Majectr^  ^'■ 
bay  Service,  In  Van  Nostrand'B  Science  Series,  No.  6,  p.  11. 
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y-five  years.  Now,  the  average  annual  rain  for  a  x)eriod  of  forty-five  years  is 
Mibly  nearer  the  actnal  average  than  that  given  by  a  record  extending  over  a 
h  less  period.  The  two  stations,  being  so  near  together  and  subject  to  the 
B  general  climatic  conditions,  have  probably  a  close  relation.  If  dnring  the 
f  that  the  Vecord  has  been  kept  at  Poway  the  rain  at  San  Diego  is  fonnd  to  be 
[)er  cent  of  the  average  of  forty-five  years,  then  the  recorded  rain  at  Poway 
snmed  to  be  117  per  cent  of  the  average  there. 

r  examining  the  data  available,  it  has  been  found  that  the  increase  in  precipi- 
m  dne  to  elevation  is  approximately  at  the  rate  of  0.6  of  an  inch  of  rain  for 
1 100  feet  rise  in  elevation  on  the  western  slope  of  the  Coast  Range  and  of  the 
ra  Nevadas  in  California.  There  is  also  an  increase  dne  to  elevation  on  the 
em  slope,  but  this  is  very  much  less  in  amount.  The  figures  in  the  seventh 
mn  in  the  table  below  have  been  obtained  by  adding  the  computed  increase 
to  elevation  above  the  base  station  to  the  recorded  rain  at  the  base  station, 
comparing  these  figures  in  the  seventh  column,  showing  theoretical  rainfall, 
1  the  recorded  mean  rainfall  and  the  probable  mean  rainfall  given  in  the 
th  and  sixth  columns,  the  applicability  of  this  deduced  rate  of  increase  of 
ipitation  with  altitude  is  shown. 

Table  showing  the  relation  of  rainfall  to  elevation  in  California, 


Eleva- 
tion. 

RainfaU. 

Station. 

Period. 

Re- 
corded. 

Percent. 

Probable 
mean. 

Theoret- 
ical. 

First  group. 

Feet. 

Inchejt. 

Inches. 

Inches. 

Diejro^' 

1860-95 

0 

9.92 

jetwater,  reservoir 

1888-95 

250 

12.37 

103 

12.01 

11.42 

ray 

1878-89 
1889-95 
1879-^ 
1887-95 

460 
8,500 
4,500 
4,800 

13.88 
26.65 
37.75 
44.66 

117 
101 
130 
102 

11.43 
26.88 
29.04 
43.79 

12.68 

J    -----------  — .-... 

canso > 

30.92 

ian _ 

36.92 

RTTiaca 

38.72 

Second  group. 

Anereles  ^ 

1871-94 

330 

16.96 

r  Valley,  reservoir  ...  - 

1883-94 

6,000 

54.08 

110 

49.09 

50.92 

Third  group. 

ramento  ^ 

184^-89 
1870-84 
1870-84 
1870-84 
1870-84 

81 
1,860 
2,422 
5,934 
7,017 

19.90 
32.72 
44.81 
57.41 
47.93 

jum 

102 
102 
102 
102 

32.08 
48.93 
56.28 
46.99 

27.78 

fax 

34.20 

^0 

55.20 

omit 

61.80 

Fourth  group. 

ickee 

1870-84 
1870-91 

5,919 
4,497 

29.53 
5.17 

102 
102 

28.95 
5.07 

54.60 

lO 

46.56 

dsworth 

1870-91 

4,085 

3.88 

102 

3.75 

44.28 

a  Base  stations. 
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The  stations  of  the  first  and  second  groups  are  located  in  San  Diego  GoimtT.sni 
are  all  on  the  western  slope  of  the  Coast  Range.  Bear  Valley  is  80  miles  @st  •: 
Los  Angeles  on  the  same  slope.  The  third  group  comprises  the  stations  akAg  Hl* 
Central  Pacific  from  Sacramento  east  to  the  summit,  and  the  fourth  those  ai!«. 
the  same  line  of  road  on  the  eastern  slope  14,  49,  and  83  miles  by  rail  beyond  *jr 
summit.  This  fourth  group  is  given  to  show  that  ^wholly  different  oocli6sr 
prevail  on  the  eastern  and  on  the  western  slope  of  the  mountain. 

All  these  records  are  seasonal,  the  year  being  divided  at  the  Ist  of  Septesb^ 
when  possible.  Data  are  given  from  Signal  Service  and  Weather  Bniesu  lepcrj* 
and  from  those  of  the  CaMf omia  State  engineer,  the  former  being  aoeefSed  z 
cases  of  difference.  Excepting  the  fourth  or  last  group,  -which  is  given  ampij% 
show  that  the  conditions  prevailing  on  the  eastern  slope  are  different  from  tbi* 
of  the  western,  it  may  be  seen  that  the  theoretical  rain  is  very  nearly  tbe  suipfe 
the  probable  mean  rain.  The  instances  where  the  widest  vaiiaticms  exist  Qsalj 
can- be  explained. 

In  regard  to  the  value  of  the  theoretical  rainfall,  reference  may  again  be  ibi^ 
to  the  paper  by  Professor  Curtis.  He  states  (p.  8)  that  the  Signal  Senioe.iBi: 
investigation  of  the  rainfall  on  the  summit  of  Mount  Washington  to  detencifr 
the  local  distribution  and  the  average  rainfall  for  the  station,  placed  fivegas^  : 
the  summit  of  the  mountain,  one  in  the  center  and  four  to  the  four  points  i4 1- 
compass  75  feet  distant  from  it.  It  has  been  known  for  a  long  time  that  i  SnT* 
placed  at  an  elevation  above  ground  usually  recorded  less  than  one  placed  octb* 
ground  below,  this  difference  being  caused  by  wind  currents.  The  inaoir. 
velocities  of  the  wind  around  the  comers  and  over  the  tops  of  the  buildings.  bC- 
or  even  the  gage,  tend  to  increase  the  slant  of  the  falling  rain  at  those  point?. ^ 
when  just  past  the  obstruction,  the  velocity  of  the  wind  being  again  redi^I  -> 
heavier  fall  of  rain  will  be  deposited.  In  this  experiment  on  Mount  WsBkisc  r 
observations  were  made  from  September  1, 1882,  to  October  1 ,  1883.  As  the  vnr 
urement  of  snow  was  reported  as  altogether  unreliable,  it  was  excluded,  h'- 
following  table  it  is  shown  that  the  windward  gages  had  received  dmiK  th<.* 
period  24.64  inches  of  rain  and  the  leeward  ones  28.43  inches,  single  steams  ^^ 
ing  greater  variation.  The  conclusion  reached  is  that  precipitation  varia  nc^ 
rially  within  distances  of  only  100  or  200  feet. 

The  most  remarkable  feature  of  the  experiment  is  the  dififerent  resQlts  obtas*- 
from  gages  with  8-inch  and  8-inch  catchment  cups.  The  gages  that  verext 
the  four  x)oints  of  the  compass  had  8-inch  cups  and  the  resrular  station  gas^  -* 
one  8-inch  cup.  For  the  period  in  question  the  four  exterior  gages  recorded  4^** 
51.19, 45.40,  and  42.63  inches,  respectively ,  while  the  regular  station  gage  rectrK 
58.70  inches  of  rain. 


Comparative  reading  of  S-inch  and  S-inch  gages  in  wind. 


Wind  velocslty  hi  miles  per  hour. 

15 

40 

60 

n 

Diameter  of  gage . . . 
Amount  of  rain 

Indies. 
3 
1.75 

100 

Inches. 

8 
1.84 

Inches. 
8 
2.77 

Indies. 
8 
8.87 

Indies, 
8 
1.60 

Indkem, 
8 
2.44 

8 

1.87      " 

Per  cent  -  _ 

105 

100 

132 

100 

152  '      100 
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[1  view  of  these  records,  which  are  taken  with  experimental  care,  the  statement 
lid  be  justified  that  the  *'  Probable  rainfall/.'  as  shown  in  the  table  on  page  351, 
ees  with  the  '*  Theoretical  rainfall ''  as  closely  as  it  can  be  measured,  the  gages 
ig  of  different  makes  and  sizes. 

he  recorded  rainfall  of  the  Cnyamaca  gage  is  probably  in  excess  of  the  average 
1  for  this  elevation  and  the  locality,  and  it  is  so  considered  by  engineers  in 
I  Diego.  The  gage  is  in  a  narrow  valley  or  canyon,  and  is  probably  affected 
the  winds  and  the  topography. 

'*  will  be  seen  that  Cisco,  with  an  elevation  of  5,934  feet,  has  a  rainfall  of  56.28 
ties,  while  Summit,  13  miles  beyond,  with  an  elevation  of  7,017,  has  only  46.99 
les  of  rain.  It  may  be  that  this  variation  is  due  to  the  wind  action,  especially 
the  snow,  which, averages  each  year  81  feet  in  depth,  or  to  the  fact  that  Sum- 
is  above  the  plane  of  maximum  rainfall,  as  mentioned  on  page  354. 

TECOLOTE  CREEK. 

Discharge  measurement  of  Tecolote  Creek,  Santa  Barbara  County, 


»ate. 


Hydrographer. 


899. 

?.  —     G.  P.  Wright 


DiB- 
cbarge. 


Sec-feet, 
a  0.27 


o  Drainage  area,  2  square  miles. 


TEJON  CREEK. 


\ee  Fort  Tejon  Creek. 


TEJON  HOUSE  CREEK. 

charge  meiMmirements  of  Tejon  House  Creek,  at  Tejon  Ranch  House,  Kern 

County, 


>ate. 


595. 
P.     6 
•.      3 
t.     4 
7,  13 

^96. 

).  1 

).  2 

le  4 

le  5 

5.  18 

5.  19 


Hy  dro^rapher . 


J.  B.  Liippincott 

do.: - 

A.  P.  Davis  and  J.  B.  Lippincott. 
J.  B.  Lippincott 


J.  B.  Lippincott. 
do.. 


do 
do 
do 
do 


Dis- 
charge. 


Sec.'/eet. 

22.7 

17.2 

1.57 

3.46 

7.82 

18.3 

6.09 

8.31 

3.96 

2.66 
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TEMESCAL  CREEK. 


Discliarge  measurements  of  Temeacal  Creek  at  lovrer  pipe  line^  Temeaeal  Iju  s 

Water  Company,  Temescal,  Riverside  County j  Col. 


Date. 

Hydrographnr. 

1 

1899. 
Jan.    28 

• 

F.  Rolfe 

do 

1' 

Feb.      1 

,, 

Feb.    11 

.       _do      

Feb.    15 

.do 

• 

t 
I 

Feb.    20 

do 

1  ( 

Mar.     4 

....do 

K 

Mar.   12 

....do 

• 

Mar.   18 

.  do  - 

* 

Mar.  25 

.do  -   

Mar.   81 

...do  

^ 

Apr.    14 
Apr.   22 
Apr.    29 
May     6 
May    13 
May    30 

do 

ti 

do 

do 

do 

,,    « 

do .--. 

do _- .-_ 

Jnne    9 

.....do... 

June  15 

do -. 

; 

July     4 

do 

•.   « 

Jnly    19 

do 

" 

Jnly    25 

do 

.J . . 

« 

AnK.     5 

do 

Aug.  11 

do. 

1 

Ang.  21 

do 

■ ! 
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Discharge  ineasurenients  of  Teinescal  Creek  at  upper  pipe  liney  Temescal  Land  and 

Water  Company ,  Temescaly  Riverside  County. 


Date. 

18^9. 
Jan.  4 
Jan.  27 
Feb.  4 
Feb.  11 
Feb.  18 
Feb.  24 
Mar.  a 
Mar.  12 
Mar.  16 
Mar.  25 
Mar.  31 
Apr.  14 
Apr.  22 
Apr.  29 
May  6 
May  13 
May  18 
May  30 
Jnne  9 
Jnne  16 
Jnly  10 
July  19 
July  25 
Aug.  11 
Aug.  11 
Aug.  21 


Discharge  ineastireinents  of  Evans  ditch,   Temescal  Creek,   Tetnescal,  Hix^erside 

County. 


Hydrographer. 

Dis- 
charge. 

S.  G.  Bennett 

Sec. -feet. 
0.99 

F.Rolfe     .._ . 

.74 

do.    

1.62 

do  _ 

.87 

do 

3.67 

...do 

3.37 

do 

_    _    . 

3.87 

.   ..do 

5.10 

do. 

3.56 

1 
do 

3.74 

do 

• 

4.16 

do  -. 

2.98 

do 

. .  .. 

3.71 

do 

3.22 

do  ._ 

. 

2.80 

do 

4.02 

do . 

4.21 

' do 

4.01 

..do 

3.36 

...do 

3.52 

do 

3.21 

...do 

* 

3.20 

'          do 

3.67 

do 

1.48 

...do 

4.26 

...do 

3.84 

Date. 

1899. 
July      1 
August 


Hydrographer. 


Dis- 
charge. 


Sec-feet. 
8.75 
3.00 
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TORO  CANYON. 
Discharge  measurement  of  Toro  Canyon,  Santa  Barbara  dmntif. 


\  » 


Date.  HydrograpbeT.  ,  j^^. 


1900.  v.-v> 

June  16  I  J.  B.  Lippincott ..- ..- '■  ' 


TRABUCO  CREEK. 
Discharge  measurement  of  Trabuco  Creek,  Orange  Count jf. 


Date.      ,  Hydrographcr.  ^iajv 


1899.  ; 

May    24  ,  F.  Rolfe 


n  Ditch  n«aT  Han  Juan  C^apistrano. 

TRUCKEE    RIVER. 

TRUCKEE   RIVER  AT  TAHOE,  CAL. 

Truckee  River,  the  natural  outlet  of  Lake  Tahoe,  leaves  the  kk'^ 
at  the  city  of  Tahoe.  About  500  feet  from  the  lake  there  is  a  timbe: 
(lam  across  the  river,  which  has  been  maintained  for  motv  thii 
twenty  years  for  the  purpose  of  controlling  the  discharge  fn)m  tL 
lake.  During  the  early  part  of  the  year  1900  the  gates  in  this  to 
were  kept  closed,  not  l)eing  opened  until  June  17,  when  aga^*^ 
placed  in  the  stream  for  the  purpose  of  recording  the  height  of  t:- 
water  in  the  river.  The  gage  is  a  vertical  timber  driven  int<'  f^ 
stream  Xyed  at  the  left  bank,  about  300  feet  below  the  dam,  and  • 
spiked  to  the  root  of  a  tree  growing  on  the  bank.  The  bench  mn 
is  cut  in  the  side  of  the  tree,  and  is  4  feet  above  gage  datum.  T:- 
measurements  are  made  from  a  cable  and  suspended  ear  about  od»- 
fourth  of  a  mile  below  the  gage,  which  was  placed  as  near  the  tit}  • 
Tahoe  as  possible  for  the  convenience  of  the  observer.  At  thep"^ 
of  measurement  the  right  bank  is  low,  and  is  subject  to  overflo*  * 
very  high  stages  of  the  stream,  but  tlie  left  bank  is  rather  high.  Ti 
channel  is  nearly  straight  for  a  short  distance  above  and  below  tb 
station,  and  the  bed  of  the  river,  which  is  of  gravel  and  coarse  sad^ 
is  smooth  and  stable.  The  purpose  of  the  station  is  to  ascertaiiit^ 
actual  outflow  from  Lake  Tahoe,  with  a  view  to  determining  itsvAli-'r 
as  a  storage  reservoir. 
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<('h(trge  meoHurements  of  Truckee  River  at  outlet  of  Lake  Tahoe.  Placer  County. 


yau^. 

HyrlroKniphAr. 

1 

[899. 

ly     9 

Sec-feet, 
136 

ig.     8 

75 

ig.  14 

56 

»g.  18 

49 

IHacharge  meafturements  of  Truckee  River  at  Tahoe,  Placer  County. 


Date. 


Hydrographer. 


GtAge  Dis- 

beignt.   '  charge. 


[900. 

ne 

18 

ne 

30 

ly 

12 

pt. 

1 

t. 

23 

t. 

23 

t. 

23 

1901. 

pt. 

5 

pt. 

12 

)V. 

11 

)V. 

11 

)V. 

11 

L.  H.  Taylor 

do 

do 

do 

do 

do 

_...do 


J^et. 
0.75 
1.45 
1.60 
1.40 
.40 
.95 
1.15 


Sec-feet. 
92 

2.40 
2.77 


1902. 

■  If.       '^'6 


C.V.Taylor 1.94 

do I  1.85 

do I  1.57 

do 1.23 

do 1.00 


E.  C.  Murphy 


52 
130 

158 

386 
350 
296 
187 
141 

320 


Discharge  mecumrenients  of  Truckee  River  one-half  mile  beloto  Truckee. 


Date. 

Hydrographer. 

Dis- 
charge. 

1900. 

me     3 

Sec  feet. 
364 

ine  12 

264 

362 
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Etdhnated  monthly  discharge  of  Truckee  Rirer  at  Talioe. 
[Drainage  area,  619  square  mileaj 


Month. 


1895. 

Jnly -- 

Aagnst 

September  ... 

October 

November 

December 


1896. 

Jannary  

February 

1900. 

March 

April 

May 

June 

Jnly 

August 

September  . . . 

October 

November 

December 


1901. 

January 

February 

March 

April 

May  -  _  _ 

June 

July 

August 

September  ... 

October 

November 

December 


The  year 


Dificharge. 


Maximam.  i  Minimnm. 


Sec. -feet. 
1,185 
441 
392 
496 
471 
253 

293 
292 


Sec. -feet. 

442 
393 
357 
344 
408 
246 


236 
260 
260 
224 
177 
200 
99 

117 

117 

30 

30 

0 

178 

293 

555 

390 

308 

293 

189 


555 


244 

288 


0 

0 

211 

177 

155 

0 

0 

a5 

30 

30 

0 

0 

0 

156 

293 

117 

251 

189 

100 


0 


See. -feet. 
914 
425 
374 
415 
437 
250 

262 

290 

0 

0 

0 

52 

214 

232 

196 

159 

135 

81 

102 

81 

30 

9 

0 

30 

225 

419 

326 

282 

247 

111 


155 


BsQoS 


Total  ai»- 
cbarge. 


aqvmn     D^T- 
mJIe. 


Acre-feet. 
56,200 
26.111 
22, 244 
25.538 
26,002 
15,388 

16,103 
16,677 

0 

0 

0 

3,106 

13, 131 

14,261 

11.667 

9,781 

8,047 

4,981  ' 

6,262 

4,5(^ 

1,845 

565 

0 

1,765 

13,809 

25,760 

19,395 

17,308 

14,678 

6,841 


112,780 


.'frrt. 
1.76 
.f<2 


72 


.84 

.5(» 

.00 

0 
0 
0 
.10 
.41 
.45 
.38 
.31 
.26 
.16 

.20 
.16 
.06 
.03 
0 
.06 
M 
.81 
.63 
.54 
.48 
.21 


h.-.r 


.30 
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Dim'harge  inecLsurenients  of  tributaries  of  Truckee  River  at  XHirious  points. 

DEER  CKBKK,  PLACKK  COUNTY. 


Date. 

Hy  drographer . 

Dis- 
charge. 

1900. 
•Tune  16 

Sec-feet. 

25.2 

SQUAW   CREEK,   FILACER  COUNTY. 

1900. 
June     5 

81.4 

June  16 

46.0 

Sept.  14 

^ 

2.76 

DONNBR  CREEK,  NEAR  DONNER  LAKE. 

1900. 
May    16 
May    29 
July    13 
Aug.  20 
Sept.  13 

127.8 

73.4 

1.09 

69.0 

19.2 

DONNER  CREEK,  NEAR  TRUCKEE  RIVER. 

1900. 
May    21 
June     3 

1 

324.5 

127.0 

June  12 

__ 

98.9 

July    13 

1902. 
Oct.    22 

14.7 

i 
E.G.  Murphy - . .  

3.25 

COL.D  CRKEK,  NEVADA  COUNTY. 

1900. 

Sept.  13 

1.85 
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Discharge  mcitsurenients  of  tributaries  of  Truvkee  Riv**r^  etc. — Continued. 

M  AKTIB  CRKBK. 


Date. 


1889. 
June     1 
June  22 


1900. 

May 

21 

June 

4 

Sept. 

14 

1889. 
May    30 

1900. 
Jnne    6 
Sept.  15 


HydroflTTApher. 


JUNIPER  CRKEK  AT  GLIITTOK. 


JOB  GRAY  CRBKK  AT  ICELAND. 


Dif- 
dorp 


Id 


24.  Vi 

17.  S 


44 


«.% 


1889. 
May    31 

1900. 
May   19 
July   28 
Sept.  15 


20.  > 


ALDER  GREEK  AT  rLORISTON. 


1889. 
May   31 

1900. 
May   19 
July   25 
Sept.  10 


ifl.e5 


a  Estimated. 
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Dutcharge  vieanurementa  of  tritnitaries  of  Truckee  River,  etc. — Continued. 

DOO  VALLSr  CRBKK  AT  YKRDI. 


Date. 

1889. 
May    22 

1900. 
July    26 
Sept.  10 

1902. 
Oct.       7 


Hydrographer. 


D.W.Hays. 


TRUCKBB  RIVER  AT  X8SBX,  WASHOE  COUNTY,  NEV. 


1889. 

May  20 
May  21 
May  22 
May  29 
June  20 


SgCAW  CREEK  ABOUT  HAI^FWAY   FROM  LAKE  TAHOE. 


1889. 
June  3 
June  5 
June  16 
June  22 
Sept.   14 


CREEK  NEAR  TAHOE  TOLLGATE. 


1889. 
June     3 


DiF- 
charge. 


Sec.-feei. 

7 


.40 
.79 

7.14 


2,380 
2,570 
2,510 
1,716 
350 


92 

81.4 
46 
15 
2.76 


DONNER  CRBBK. 

1889. 
July  3 
July  6 
July  11 
July  16 
Aug.  7 
Aug.  10 
Aug.  17 

8 

5 

2 



1 
.9 

.2 
.3 

366 


CALIFORNIA    HYDROGRAPHY. 


I  .VI' 


Discharge  meamirementB  of  trUnUaries  of  Truckee  River ^  etc. — Continiied. 

C70LD  ORB1CK  THBEB-QUARTBRS  OF  A   MII^K  BRIiOW   DONKER  UA.\ 


Date. 

Hydrographer. 

rians. 

1889. 
June  28 

Jnly     8 
Jnly     6 
Jnly   11 
Ang.    7 
Ang.  10 
Ang.  17 

1 
.-        Ifl 

5 

1 

I 

1 

• 

.1 





_ 

PR088BR  CKEBK. 

1900. 
Jnne     4 

_    .... 

«14.') 

Jnly   27 
Sept.     9 

1902. 
Oct.    23 

aSo 

a9.-M 

E.G. 

Mnrphy 

f'21.i4 

I^ITTLB  TKUGKBB  KIVBK  AT   BOCA. 

1900. 
May    19 
Jnne    6 

• 

•  6i« 

4V»'i 

Ang.   16 
Sept.   15 

• 

yjM 

1     ?:,> 

HUNTBK  CBEBK. 

1900. 
Jnne     7 

4".: 

Sept.  12 

.v^ 

— 

INDBPKNDKNCK 

CKBBK  AT  INDBPBNDENCB  LAKK. 

1902. 
Oct.    24 

E.G. 

a  At 

Murphy . 

• 

•f' 

mouth. 

i>  At  I%os8er .                         <■  Approximate. 
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Dincharge  measure  merit  8  of  streams  flowing  into  Lake  Tahoe. 


900. 

y    6 


WARD  CRBKK. 


>ate. 

Hydrogrrapher. 

Dia- 
chai^re. 

900. 

y    5 

Sec-feet. 
147 

BLACKWOOD  CKBBK. 


140 


THREE  8MAL.L  STREAMS  BETWEEN  IDLEWILD  AND  MCKINNBY'B. 


«12 


M'KINNBY  GRBBK. 


GENERAL  CREEK. 


MEIOaS  CREEK. 


1900. 

iy     7 


130 


riVK  SMALL  STREAMS  BETWEEN  MSEK8  CREEK  AND  EMERALD  BAY. 


1900. 
ay  7-8 


«12 


EMERALD  BAY  CREEK. 


1900. 
Ay     8 


60 


a  Estimated. 
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Discharge  mecuturetnents  of  streams  Jlowing  into  Lake  Tahoe—Cca^^ 

CABCAUB  CRKKK. 


Date. 


HydiogTRphar. 


1900. 
May     8 

1 

TAYLiOK  CRKKK. 

1900. 
May     8 

UPPKR  TRUCKKK  RIVKR. 

1900. 
May     9 


TKX  SMALL  8TRBAM8  BKTWKKN   BIJOU  AND  QLKIT  BROOK  IX  KCTADA- 


1900. 

May    10 


aEsttmated. 


TRUCKKE  RIVER  AT  NEVADA-CALIFORNIA   STATE  LINK. 

This  river  has  its  80un;e  on  the  slopes  of  the  Sierra  Nevwl* 
eastern  California  and  flows  northward,  entering  Lake  Tahoe.  Tt ' 
lake  is  at  an  elevation  of  6,225  feet,  and  is  the  largest  bodyoff*>^ 
water  in  the  United  States  at  this  considerable  altitude,    Thf*"^- 
of  the  lake  itself  is  193  square  miles.     As  the  State  line  bet»* 
Nevada  and  California  passes  through  the  lake,  a  portion  oi  it  ^ 
each  State.     The  outlet  of  the  lake  is  at  Tahoe,  Cal.,  and  Truck' 
River  from  this  point  has  a  general  northward  course,  receivings  n-ia 
her  of  important  tributaries  which  contribute  to  its  flow.    Then-'' 
a  number  of  lakes  at  the  headwaters  of  the  branch  stream,  vi: 
have  been  surveyed  and  recommended  as  reservoir  sites.    Thedraii.*. 
area  is  mapped  on  the  Pyramid  Peak,  Truckee,  Carson,' and  M«rk- 
ville  atlas  sheets  of  the  United  States  Geological  Survey.    The  bnv 
is  now  partially  included  in  the  Lake  Tahoe  forest  reserve,  set  ap' 
by  Executive  proclamation  of  April  13,  1899.     September  7,  l^ 
station  was  established  on  this  river  by  L.  H.  Taylor,  at  the  >• 
line,  17  miles  west  of  Reno,  Nev.     The  gage  is  vertical,  driven  ' 
the  l)ed  of  the  river  and  wired  to  a  granite  bowlder.     The  bench  dj-  ■ 
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5  the  top  of  the  rock  to  which  the  rod  is  fastened,  and  is  at  an  eleva- 
ion  of  10  feet  above  gage  datum.  The  channel  is  straight  for  a 
liort  distance  above  and  below  the  station.  The  banks  are  not  liable 
>  overflow.  The  bed  of  the  river  is  of  gravel  and  cobbles  and  is 
uite  stable. 

Discharge  measurements  of  Truckee  River  at  State  line. 


Date. 


1899. 
apt.     7 

1900. 

pr.  10 

[ay  15 

[ay  22 

ane  1 

one  15 

oly  1 

aly  14 

?pt.  6 

ct.  2 

1901. 
eb.    13 

eb.  27 
[ar.  11 
one  9 
lily    13 

ng.  16 

?pt.  3 

3pt.  14 

ov.  9 

ec.  14 

1902. 
pr.    10 
Lav    10 


Hydrographer. 


L.  H.  Taylor 

L.  H.  Taylor 

do 

do 

do 

do 

do 

do 

do 

...-do 


C.  V.  Taylor 

do 

do. 

do 

do 

do 

do 

do 

do 

do 


C.  V.  Taylor 
do 


Gase 
heignt. 


Dis- 
cbarge. 


Feet. 
2.0 


1.5 

4.5 

3.4 

3.9 

2.6 

2.1 

2.2 

2.0 

1.95 

1.75 


Sec.' feet. 
303 


2.9 

753 

4.1 

1,493 

4.3 

1,629 

3.7 

1,112 

3.2 

901 

2,5 

534 

2.5 

551 

2.3 

447 

1.9 

318 

298 

2,474 

1,262 

1,741 

811 

528 

570 

478 

437 

353 

1,492 
2,384 


iRR  81— oa^ 


-24 
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Eatiitiated  monthly  discharge  of  Tnickee  River  at  Nevada'California  StaU  i'^s 

[Drainage  area,  966  square  miles.] 


Month. 


1899. 
September  17-30 

October 

November 
December 

January 

February 

March 

April 

May 

June 

July 

August  .. 

September 

October  . . 

November 

December 

The  year 


Discharge. 


I 


Maximum.  '  Minimum 


Mean. 


Total 
dischaige. 


BvB<e 


Pter 

sqnare     I>: 
mile. 


/,i.. 


1  ; 


I.!" 


*  «* 


TRUCKEE   RIVER  AT  VISTA,  NEV. 

On  the  lower  courses  of  this  river  there  are  considerable  ^t^elei:^" 
of  irrigable  land  which,  however,  have  not  yet  been  developed  lo  tl - 
fullest  extent.     The  drainage  basin  is  peculiar  in  that  its  mountain 
ous  collecting  area  is  located  in  the  State  of  California,  while  the  biJ* 
which  can  be  irrigated  are  situated  in  Nevada.     This  may  leaii  iR  ■* 
future  to  (»ertain  legal  difficulties,  but  not  to  the  extent  that  i1  *"^^ 
if  there  were  agricultural  lands  in  both  States.     Truckee  River,  sfi' 
entering  Nevada,  flows  in  a  general  easterly  and  then  northerly  dic- 
tion, enipt\  ing  into  Pyramid  Lake.     The  drainage  area  is  mapp*"- 
the  Pyramid  Peak,  Truckee,  Markleeville,  Carson,  Reno,  and^** 
worth  atlas  sheets  of  the  United  States  Geological  Survey.   " 
station  at  Vista,  Nev.,  was  established  August  18,  1899,  by  L.  H  ^ 
lor,  and  is  located  7  miles  east  of  Reno.     The  rod  is  spikeil  n^  !»**•' 
driven  into  the  bed  of  the  river.     The  bench  mark  is  on  a  blu^ 
rock  500  feet  oast  of  the  gage,  and  is  at  an  elevation  of  IT.V''" 
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tbove  gage  datum.  A  new  bench  mark  was  established  March  14, 
901,  on'the  top  of  a  2  by  2  inch  plug  driven  2  feet  into  the  ground  at 
he  upper  end  of  the  inclined  gage  on  the  left  bank.  Its  elevation- is 
•.00  feet  abov^e  the  datum  of  the  gage.  Both  banks  are  high  and  not 
iable  to  overflow.     The  bed  is  rocky  and  not  subject  to  change. 

Discluirge  rueasurements  of  TVuckee  River  at  Vista ,  Nev. 

[L.  H.  Taylor,  hydrographer.] 


Date'. 


1899. 


tepteinber  5 
)ctober  28 . . 


Oase     I        Dis- 
heignt.        charge. 


1900. 


Lpril2o 
lav  14 . 


lay  23 . 
une  9 . . 
line  14 
une  19 
une  2S 
uly  2  . . 
ruly  10- 
ruly  24. 


^upTUst  22    . . 

5epteml)er  2^ 

February  22  . 

ilarch  14 

tf  arch  20 

rune  21 


1901. 


I 


rnly  12 

\ugU8t  15  .  -  - 
September  2  _ 
September  14 
November  18 
December  15 


Feet. 

2.0 
2.75 

3.30 

3.80 

4.30 

3.80 

4.10 

2.90 

2.70  I 

2.20  ] 

2.05  I 

2.00 

2.30 

2.25 

6.35 
3.85 

3.88 
4.10 
2.70 
2.20 
2.50 
2.40 
3.05 
2.78 


St'c-feet. 
105 


i  t 


7.57 

9.89 

1,326 

967 

1, 150 

471 

372 

207 

•     138 

99 

198 

226 

3, 077 
«899 
«911 
1,165 

417 

198 

325 

276 

584 

448 


a  ResultB  too  smalL 
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Entimated  monthly  discharge  of  Truckee  River  at  Vtmta,  Nev. 

[Drainage  area  1^10  square  miles.] 


* 

Discharge. 

Total  dis- 

Bob 

Month. 

Maximnm.    Mfnlmnm. 

Sec.'/eet.    ■    Sec.-feet. 
1 

Mean. 

Pter 

sqiiarB 

mile. 

Sec-feet. 

1890. 

Anril .- 

Sec.-feet. 

4,496 

5,990 

4,162 

2,198 

952 

682 

742 

765 

750 

Acrc'/eet, 

Mi^y 

June. -- 

Jtdy 1 

Anmiflt                              1  - 

1 

September  ._ 

October -       

• 

November  _ 

December 

, 

-  — 

1891. 
Jannary 

«700 

^650 

«650 

1,523 

2,765 

1,905 

945 

485 

558 

561 

503 

508 

Febmary 

^ 

-  - .  •  * 

March  __ 

1 

April 

May  -. 

1 

• 

July 1 

1         . 

Animst i 

September i _   _   _ 



October 

1 
November i 

December _  _  _ 

_ , - 

1 

— ■- 

The  year 



980 

1892. 
January  

593 
505 
723 

854 

February 1 

««-B»MM        *««« 

March _ | 

April _  - . , _  _  _ 

i... 

May 

1 

•      *••        .-*..        . 

937 

oKstiinated. 
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Estimated  monthly  discharge  of  Truckee  River  at  Vista,  Nev. — Continued. 


Month. 


1899. 
Vngrnst  18-31. 
^ptember  . . . 

)ctober 

l^ovember 

>eceinber 


1900. 


Fannary  .  . 
February  . 

liarch 

%.pril 

tfay 

fnne 

fuly 

^ugnst  — 
September 
October  .  - . 
S'ovember- 
December . 


The  year 

1901. 

fannary 

February  ...... 

Bdarch  

^pril 

May 

Jnne 

Inly 

A.ngn8t  -  - 

September..  .. 

October 

November 

December 


The  year 


Discharge. 


Maximnm. 


Sec. -feet. 


188 
1,066 
1,123 

709 


1,210 

529 

1,094 

1,239 

1.477 

1,239 

807 

283 

283 

1,123 

1,298 

1,268 


1,477 


1,505 

4,213 

2,209 

1,942 

4,213 

1,942 

995 

492 

467 

720 

882 

1,287 


Minimnm. 


4,213 


Sec.-feet, 


74 
144 
355 
331 


380 
380 
454 
479 
843 
259 
74 
61 
105 
258 
331 
429 


61 


418 
418 
938 
747 
1,410 
854 
146 
128 
251 
370 
467 
322 


128 


Mean. 


Sec.-feet. 
114 
152 
378 
516 
456 


479 
426 
857 
756 
1,257 
709 
110 
122 
192 
430 
566 
554 


538 


661 

1,486 

1,328 

1,380 

2,145 

1,263 

425 

315 

329 


177 


557 

510 


906 


Run-off. 


Total  dis- 
charge. 


Per 

square 

mile. 


Acre-feet. 


9,073 
23,251 
30,713 
28, 019 


29,445 
23,671 
52,668 
44,982 
77,289 
42,201 
6,746 
7,513 
11,449 
26,456 
33,660 
34,049 


390,129 


40,644 
82,529 
81,657 
82,117 
131,894 
75, 155 
26, 133 
19, 369 
19, 577 
29,330 
33,144 
31,357 


652,906 


Sec.-feet. 


0.10 
.25 
.34 
.30 


0.32 
.28 
.56 
.50 
.83 
.47 
.07 
.08 
.13 
.28 
.37 
.36 


.35 


0.44 
.98 
.87 
.91 

1.42 
.83 
.28 
.21 
.22 
.31 
.37 
.34 


Depth. 


Inches. 


0.11 
.29 
.38 
.35 


0.36 
.29 
.65 
.56 
.95 
.52 
.08 
.09 
.14 
.33 
.42 
.42 


4.81 


0.50 

1.02 

1.01 

1.01 

1.63 

.93 

.32 

.23 

.24 

.36 

.41 

.39 


8.05 
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TULE  RIVER. 

* 

Tule  River  drains  a  portion  of  the  western  slope  of  the  Sierra  Xevak 
Its  watershed  is  somewhat  less  productive  of  run-off  than  that  •: 
Kaweah  River,  which  joins  it  on  the  north,  and  much  lesselevaK 
and  snow  covered  than  Kings  River  basin. 

The  waters  of  this  stream  are  all  appropriated  during  the  irrigaiiiL 
season,  and  a  portion  of  them  are  used  in  irrigating  valuable  urar.^ 
lands  in  the  vicinity  of  Porterville,  Cal. 

The  gaging  station  is  located  about  8  miles  east  of  Porterville,  at  a 
point  just  below  the  wagon  bridge  near  the  McFarland  raueh,  &&1 
about  1  mile  above  the  mouth  of  the  South  Fork  of  Tule  River.  Tip- 
station  was  established  April  18,  1901.  The  gage  rod  is  sitiwt€<l<'t 
the  right  bank  of  the  river,  100  feet  below  the  bridge.  The  zero  «i 
the  gage  is  8  feet  below  a  spike  driven  into  a  large  eottonwood  tm^ 
The  area  of  the  watershed  above  the  gaging  station  is  approxinu^i*^!} 
300  square  miles. 


Date. 


Nov.    18,1895 
Nov.    18,1895 


Sept.     3, 1900 
Sept.     2, 1900 


Oct.      3, 1902 
Oct.       3. 1902 


Oct.  3, 1902 

Oct.  3,1902 

July  19.1901 

Oct.  3, 1902 

May  23,1901 


Dimharge  measurements  of  Tule  River. 


Hydrographer. 


J.  B.  Lippincott. 
do 

Total 

S.G.Bennett... 
do 

Total 

L.M.Lawson... 
do 

Total 


L.  M.  Lawson 
do 


A.  E.  Chandler  _ 
L.M.  Lawson... 

W.  N.  Frickstad 


DiB- 
charge. 


Location. 


Sec-feet. 
32.1 

28.4 


In  Pioneer  canal. 
River  below  canal. 


60.5 


4. 8     Canal. 
4. 7     River. 


9.0  ] 

7.0  I  Canal. 
8.2  I  River. 


June  28,1901  I  A.E. Chandler i    164.6 


14. 0     At  head  works.  Pioneer  can^ 

7.0     1  mile    below  intake,  Pi«B-" 
canal. 

19. 8     Below  intake  of  Pioneer  <«.*: 

8.2  I 

152. 0  I  Rockford  Bridge,  6  uSi^  ^'-' 
I      of  Porterville. 

14  miles  above  Porterville. 
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Date. 


Hydrographer. 


Dis- 
charge. 


Location. 


1902. 

?l)t.  30  '  E.  T.  Perkins  . 


Sec-feet. 

'        2. 6  I  Middle  Fork,  trail  crossing  below  lo- 
cation of  Doyle's  head  works. 

jpt.  30  ! do 14.0  j  Middle  Fork  100  yards  alK>ve  head 

I  I  I      Doyles  ditch. 

ct.      1  I do 24. 0  I  Middle  Fork  at  trail  crossing  near 

junction  with  East  Fork. 

do i      15.0     E^ast  Fork  100  yards  above  month. 

I 

do 10. 0  I  East  Fork  at  trail  crossing  Nelsons 

'      to  Indian  Reservation. 


ct. 

1 

ct. 

3 

c-t. 

2 

ct. 

3 

;        3. 0  I  South  Fork  6  miles  below  Indian 

I  Agency. 

'        3.2     South  Fork   near  Tom  Wheat<)n's 

ranch. 

ct.      3  '  L.M.Lawson («)        South  Fork  at  junction  of  North 

Fork. 


do 
do 


ct.      3 


do 


4. 0  '  Pioneer  canal  at  Porterville. 


oDry. 


Hscharge  measurements  of  Tule  River  at  McFarlands  Bridge,  above  mouth  of 

South  Fork, 


Date.      I 


Hydrographer. 


1901. 

.pr.   18  ]  S.G.Bennett >. 

lay    22     J.  B.  Lippincott 

une  10    do... -. 

une  28     A.E.Chandler 

uly   29     S.G.Bennett-.. 


tet.  18 

tec.  9 

1902. 

'eb.  5 

lar.  8 

lay  15 

)ct.  2 


do 
do 


do 

do 

do 

L.M.Lawson 


Gage 
height. 

■   Dis- 
charge. 

.  Feet. 

Sec-feet. 

'   2.5 

233 

2.85 

338 

2.65 

311 

2.00 

148 

1.23 

30 

1.00 

18 

1.44 

58 

1.33 

43 

2.2 

156 

3.03 

371 

.92 

15 
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Discharge  measurenients  of  Lower  Tule  canal  at  Tulare  Lake. 


Date. 

Hydrographer. 

1901. 
Jnne  24 

A.E.Obandler                                                                        

Discharge  measurements  of  Pioneer  canal,  Tulare  Ctrttntjf. 


Date. 


1898. 
Sept.     1 

1899. 
Sept.     5 
Sept.     5 
Sept.    5 

1902. 
Oct.      3 
Oct.      3 


Hydrographer. 


P.  M.  Baler 


S.  G.  Bennett 

do 

do 


L.  M.  Lawson 
do 


Dis- 
charge. 


fiec.'feet. 
6.0 


13.1 
8.43 
7.06 

14.0 
7.0 


Location. 


200  feet  below  headworkR. 

1  mile  below  headworks. 

2  miles  below  headwortcs. 

At  headworks. 

1  mile  below  headworks. 


Discharge  measurements  of  South  Fork  of  Tule  River  at  mouth,  Ttniletes^l 

Porterville,  Tulare  County. 


Date. 


1901. 
June  10 
July   29 

1902. 
May    15 


Hydrograpfier. 


J.  B.  Lippincott. 
S.  G.  Bennett . . . 


do 


rtinr 


^»<.-.*- 


47.  • 


'► 


u  Estimated. 


I 
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Estimated  monthly  discharge  of  Tide  River  at  PortervUle.^ 

[Draiimge  area,  437  square  miles.] 


Month. 


1878. 

^vember 

ceinber 


1879. 

Quary 

bruary 

irch 

)ril 

*y 

ne 

ly 

ignst 

ptember  _  _ . 

tober 

)vember_-  _ 
>cember 


The  year 

1880- 

nnary 

ibruary 

arch 

jril  _ 

ay 

ine 

Jy 

igost  -_ 

ptember 

Jtober 

Dvember 

jcember 


The  year 


Discharge. 


Maximum. 


Sec. feet 


Minimum. 


Sec-feet. 


Mean. 


Sec.-feet. 
131 
131 


57 

87 

61 

118 

105 

350 

35 

26 

26 

74 

140 

271 


113 


577 

1,040 

1,079 

1,289 

1,040 

721 

350 

87 

44 

44 

87 

219 


548 


Total  dis- 
charge 


Acre-feet. 
7,795 
8,055 


3,505 
4,832 
3,751 
7,021 
6,456 

20,826 
2,152 
1,599 
1,547 
4,550 
8,330 

16,668 


81,232 


35, 478 

59, 821 

66,344 

76, 701 

63,946 

42,902 

21,520 

5, 349 

2,618 

2,705 

5,177 

13.466 


396, 027 


Run-off. 


Per 

square 

mile. 


Sec.-feet. 
0.30 
.30 


0.13 
.20 
.14 
.27 
.24 
.80 
.08 
.06 
.06 
.17 
.32 
.62 


.25 


1.32 

2.38 

2.47 

2.95 

2.38 

1.65 

.80 

.20 

.10 

.10 

.20 

.50 


1.25 


Depth. 

Inches, 
0.33 
.35 


0.15 
.21 
.16 
.30 
.28 
.89 
.09 
.07 
.07 
.20 
.36 
.71 


3.49 


1.52 

2.57 

2.84 

3.28 

2.75 

1.84 

.92 

.23 

.11 

.12 

.22 

.58 


16.98 


■Authority,  California  State  engineering  department  from  Noyember,  1878,  to  October,  1884. 
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Ent hunted  monthly  discharge  of  Tule  River  at  PorterviUe — Continnt^. 


Month. 


1«81, 

January 

Febmary  . . . 

March 

April 

May  . 

June 

July 

August 

September  . . 

October 

November  . . 
Deceml)er . . . 


The  year 

1882. 

January 

February 

March 

April    

May 

June.  - 

July 

August . 

September 

October 

November 

December ...   . 


Discbarge. 


Maximmn. 


Sec-feet. 


The  year 


Minimmn. 


Sec.-feet. 


Mean. 


Sec, 


329 


87 

109 

306 

660 

1,748 

660 

437 

131 

66 

44 

66 

66 


Btuh^ 


Total  diB- 
charge. 


Pter 

mife. 


■feet,  i 

219 

437 

437  j 

874 

874  , 

437 

219 

175 

87 

66 

57 

66 


Acre-feet. 

13.466 
24, 270 
26.870 
52,006 
53, 740 
26,003 
13.466 
10,760 

o.  1 1  I 

4, 058 
3,392 
4,a58 


Sir.-ffl-t.      lr> 

0.50 
1.00 

I.W 

101 J 
1.00 

.40 
,20 
.15 
.13 
.15 


2^7.266 


5,349 

6,053 

18,815 

39,273 

107.480 

39,273 

28.870 

8,055 

3,927 

2,705 

3.927 

4,058 


.13 


.75       H-' 


o.eo 

f  . 

.25 

.70 

»' 

1.51 

!.■> 

4.00 

;.< 

1.51 

k  ■ 

1.00 

i  ■ 

.ao 

.  •• 

.15 

• 

.U) 

■  * 

.15 

• 

.  1 

365 


265.785         .«i 
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Estimated  monthly  discharge  of  Tule  River  at  PorterviUe — Continued. 


Month. 


1S83. 


nuary 
bniary 
irch 
)ril 


ly.      -- 
ignst 
pt<*inl)er 
'tol>er  .    . 
»veml>er . 


The  year 

1884. 


innary  . . 
jbruary  . 
arch  .    .. 

pril 

av 

me 

ily 

ngust  --. 
»ptember 
rtolier . . . 


DitM'harK*^. 


Run-off. 


I 


Maximnm. 


Sec-feet. 


Minimnm. 


Sec-feet. 


t 

Mean. 

Total  dlB- 
eharfpe. 

Per 

square 

mile. 

Depth. 

Sec-feet. 

Arre-feet. 

1 
Sec-feet. 

IiivheH. 

87 

5, 349 

0.20 

0. 23 

87 

4, 832 

.20 

.21 

487 

26. 870 

1.00 

1 .  15 

656 

39,o;m 

1.50 

1.67 

874 

53. 740 

2.00 

2. 31 

874 

52,006 

2.00 

2.23 

350 

21,521 

.80 

.92 

87 

5. 349 

.20  ' 

.23 

66 

3, 927 

.  15 

.17 

44 

2, 705 

.10 

.12 

44 

2.618 

.10 

.11 

66 

4, 058 

.15 

.17 

306 

222, 009 

.70  ^ 

9. 52 

262 

16. 109 

; 

0.60 

0.69 

1,748 

100,546 

4.00  1 

4.31 

1,311 

80, 610 

8.00 

3.46 

874 

52, 006 

2.00 

2.28 

2, 185 

134,350 

5.00 

5. 76 

3, 059 

182. 023 

7.00 

7.81 

2, 622 

161,220 

6.00  , 

1 

6.92 

874 

53, 740 

2.00 

2.31 

350 

20,826 

.80 

.89 

175 

10. 760 

.40 

.46 

880 
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Estimated  monthly  discharge  of  Tule  River  at  MeFarlands  Bridge  near  Porirr- 

Tulare  County, 

[Drainage  area,  437  square  miles.] 


Month. 


1901. 

May 

Jniie  - 

Jnly 

Ang^tLst - 

September 

October 

November 

December 

1902. 

January 

February 

March 

April 

May 

Jane v_.. 

July.-. - 

August 

September 

October 

November 

December 

The  year 


Maximum. 


Discharge. 


Minimum. 


Sec. -feet. 

875 

408 

126 

30 

28 

109 

71 

64 


51 

1,415 

2,785 

4,615 

408 

824 

78 

88 

17 

98 

144 

204 


4,615 


Sec.'/eet 
298 
126 

80 
18 
10 
18 
35 
89 


34 

45 

144 

249 

278 

78 

26 

18 

14 

14 

27 

45 


14 


Sec. 'feet. 
418 
240 
61 
19 
17 
29 
48 
50 


45 

159 

362 

571 

848 

190 

48 

21 

15 

24 

50 

62 


Bns-otf 


Total  dis- 
charge. 


Per 

mile. 


Acre-feet.      Sec.ftrt  .v  -' 


151 


25,702 
14,281 
3.751  ; 
1,168 
1,012  ! 
1,788  ' 
2,559 
3.074  I 


2,767 

8,880  , 

I 


0.K 
.55 
.14 
.W 
.04 
.07 
.10 
.11 

.10 


22,259 

.83 

88,977 

l.Sl 

21,090 

.79 

11,806 

.43 

2,644 

.10 

1,291 

.« 

893 

.08 

1,476 

.a5 

2,975 

.11 

8,812 

.14 

113,320  '       .» 


t 


TUMITUS  CREEK. 
Discharge  measurement  of  Tumitus  Creeks  San  Mateo  Coi/ntj. 


Date. 


1893. 
Oct.     17 


Hydrographer. 


W.  W.  Brier 


cbt-T 


Srf.-' 
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TUNIS  CREEK. 
Discharge  inecisurement  of  Tunis  Creek,  Kern  County, 


>ate. 


Hydrographer. 


Dis- 
charge. 


Sec-feet. 
1.98 

.7 


a  At  month. 


TUOLUMNE  RIVER. 


HETCH  HETCHY   DAM   SITE,  HETCH  HETCHY   VALLEY. 

rhe  entire  drainage  of  Tuolumne  River  above  Lagrange  is  about 
>00  square  miles,  some  400  square  miles  of  which  lie  above  the 
iteh  Hetchy  dam  site,  the  elevation  of  which  is  3,630  feet  above 
I  level.  This  upper  drainage  area  consists  of  high  granite  moun- 
ins  culminating  in  Mount  Dana,  Mount  Gibbs,  and  Mount  Lyell. 

A.  gaging  station  was  established  at  this  point  May  30,  1901,  by 

B.  Lippincott,  for  the  city  of  San  Francisco. 

For  detailed  description  of  Hetch  Hetchy  reservoir  site  see  Twenty- 
st  Annual  Report  of  U.  S.  Geological  Survey,  Part  IV,  page  450. 

discharge  measurements  of  Tuolumne  River,  Hetch  Hetchy  Valley ^  Tuolumne 

County, 


Date. 

1899. 
ly  31 

ig.  5 

ig.  13 

ig.  19 

ig.  23 

1901. 
ig.  13 

ig.  29 

pt.  5 

pt.  14 

;t.  5 

:t.  11 

ag.  25 

jpt.  28 

1902. 
ng.  29 


Hydrographer. 


H.Ramel 

do  ... 

do... 

.  ...do... 
do... 


J.  B.  Lippincott  and  W. 
W.  Cockins,  jr. 

W.W.CockinaJr 

do 

do 


do 
do 
do 
do 


Feet. 


E.T.Perkins 


12.93 
12.65 
12.42 
12.92 
12.60 
13.28 
13.11 


Sec-feet. 
238.0 
280.0 
131.0 
101.0 
69.0 

472.0 

190.5 
155.7 

77.5 
115.6 

88.0 
231.8 
144.7 


Location. 


Ford  in  Hetch  Hetchy  Val- 
ley. 

Do. 

Do. 

Do. 

Do. 

Do. 

1 ,000  feet  above  dam  site. 

Do. 


66.0  I  Upper  end  Hetch  Hetchy 


pper  ei 
Valley. 


382 


CALIFORNIA    HYDBOGBAPHY. 


Discharge  meoHumnetits  of  Tuolumne  River  at  Hetch  Hetchy  tUm  fii' 


Dat4). 


Hydro^rrapher . 


1901. 
June  29     C.  A.  Miller  and  W.  W.  Cockins,  jr 


July  4 
July  13 
July  21 
July  29 
Aug.  2 
Aug.  13 
Sept.  20 


Fftt.  s 

.30.01)  v:* 

26.10  :".» 

34.17  l.^'* 


C.A.Miller      

do.     

do 

W.W.Cockins.jr 21.5«»   1.  * 

do 20.$5   l.I" 

J.  B.  Lippincott _ _ 15.70      '> 

W.  W.  Cockius,  jr _ 12.$J      •* 


Discharge  measurements  of  Tuolumne  River  at  old  bridge  above  Baneheriti  '.^ 

Tuolumne  County. 


Date. 


Hydrofpiapher. 


!-> 


1901. 

July    13     C.A.Miller 

Aug.  26  \  W.W.Cockins.jr 

Sept.  28  ! do - 

Oct.     11  1 do 


Frtt 


1 «. 


Discharge  measurements  of  Rancheria  Creek  (tributary  to  Tttolumne  R'"^" 

old  sheep  bridge,  Tuolumne  County. 


Dato. 


Hydro^rapher. 


Tt> 


1901. 

Aug.  26     W.  W.  Cockins,  jr 

I 

1902. 
Aug.  29  I  E.T.Perkins 


Frtt      ^' 


I 


a  At  head  of  falls. 
CHERRY    RIVER  AT  ELEANOR  TRAIL   CROSSING. 

Cherry  River  is  a  tributary  of  the  Tuolumne  and  enters  that  >tr" 
1 2i  miles  lielow  Heteh  Hetchy  Valley.     The  area  drained  is  l^'^^*' 
miles. 

A  gaging  station  was  established  at  the  point  where  Eleaw^r 
crosses  the  river,  on  May  26,  1901,  by  J.  B.  Lippincott,  for  the< '. 
San  Francisco. 
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^isi'f large  measurements  of  Cherry  Creek,  a  tributary  of  Tuolumne  River,  at 

Eleanor  trail  cronsing. 


I>ato 


HydroKrapher. 


GaKe  Di»- 


heig 


ase 
ight.      c 


11M)1. 

Lily 

8 

aly 

17 

ng- 

9 

^g. 

19 

Tig- 

20 

«g. 

24 

fpt. 

1 

^pt. 

7 

>pt. 

17 

?pt. 

»pt. 

26 

ct. 

3 

ct. 

10 

19<) 

ng. 

30 

ng. 

30 

Feet. 

C.  A.  Miller 11.40 

do    - 10.40 

W.  W.  Cockinsjr.. _ 8.75 


do 
do 
do 
do 
do 
do 
do 
do 
do 
do 


9.10 
8.40 
8.10 
7.80 
7.70 
7.00 
7.06 
9.05 
8.96 
8.00 


I 


E.  T.  Perkins 
do 


barge. 


See- feet. 

915.0 

510.0 

112.0 

132.0 

107.0 

43.0 

17.5 

6.1 

4.3 

4.5 

141.0 

120.0 

43.0 

«4.4 
6.0 


n  1,500  feet  below  trail  croesing. 
ELEANOR  CREEK   AT  ELEANOR  TRAIL  CROSSING, 

Eleanor  Creek  is  a  tributary  of  Cherry  River  and  enters  that  stream 
miles  above  its  mouth.  The  elevation  of  the  outlet  of  Lake  Eleanor 
\  4,r>5o  feet  above  sea  level.  The  drainage  area  above  the  gaging 
:ation  is  81  square  miles,  and  consists  of  high  granite  mountains  cul- 
liuating  in  Richardson  Peak,  elevation  9,845  feet;  Haystack  Peak, 
levation  9,960  feet;  and  an  unnamed  x>^ak,  elevation  10,510  feet. 
Tie  average  elevation  of  the  drainage  basin  is  probably  7,500  feet. 

A  gaging  station  was  established  at  the  outlet  of  Lake  Eleanor  June 
>  1901,  by  J.  B.  Lippincott,  for  the  city  of  San  Francisco. 

For  a  detailed  description  of  Lake  Eleanor  reservoir  site  see  Thir- 
H^nth  Annual  Report  of  the  U.  S.  Geological  Survey,  Part  III,  page 
[)2. 
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Di9charge  measurements  of  Eleanor  Creek  at  inlet  to  Lake  Eleanor,  M^y 

County. 

Dato. 

Hydrographer. 

1 

1901. 
June  11 

1 

C.  A.  Miller.                            .  .                         '^ 

Do.- 

do                                                                                       .  -  - '" 

Total  .               ...                                      '' 

July    16 
Do.. 

C.  A.  Miller                                                                                    *- 

do                                                   .            

.....      ** 

Total 

1« 

W-  W.  Oockinfl.  IT            . 

_ 

Aug.  18 

- 

Do-- 

do 

•  ••« 

Total 

« 

Ang.  27 
Do.. 

. 

...do. - 

i< ' 

Total 

r 

Oct.      1 

• 

W.  W.  Cockins,  jr 

M> 

Do 

do 

•  1 

Total .- ._ 

Discharge  measurements  of  Eleanor  Creek'  at  outlet  of  Lake  Eleamir,  W'-' 

County. 


Date. 

1901. 
June  10 
June  22 
July  8 
July  16 
July  18 
July  27 
Aug.  3 
Aug.  10 
Aug.  17 
Aug.  19 
Aug.  23 
Aug.  27 
Aug.  30  ! 


Hydrogrrapher. 


Fett.     > 


C.  A.  Miller i  8.67 

do 9.76 

J.  B.  Lippincott 8. 57 

C.A.Miller 7.« 

do 7.80 

W.  W.  Cockins,  jr 7.45 


i\: 


S^ 


.do 
-do 
.do 
do 
do 
do 
do 


7.10 
6.93 
6.48 
6.68 
6.47 
6.36 
6.05 


::i 
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Discharge  nieasuremetits  of  Eleanor  Creeks  etc. — Continned. 


Date. 


Hydrographer . 


Chure 
iieicrht 


Dis- 
height.  I  charge. 


1901.  jr^et. 

ept.    6  ,  W.  W.  Cockins,  jr .'      5.90 


ept.  14  t do 

ept.  21  f do 

ept.  26    do 

It.      3    do 

•ct.     10    do 


5.70 
5.72 
5.85 
6. 40 
6.21 


Sec-feet. 
6.22 
4.08 
5.02 
5.77 
34.5 
21.2 


I>at<*. 

1902. 
ng.  22 

.ug.  27 
Do. 


Discharge  measurements  of  Tuolumne  River. 


Hydrographer. 


E.  T.  Perkins 


do 
do 


.ug.  29 
Do. 

XLg.    31 

ept.     2 

•Ug.  25 
.ng.  26 
.ug.  28 
.ug.  27 

Do. 


do 
do 
do 
do 

do 


Dis- 
charge. 


Sec. -feet. 
6.0 

152.0 
30.0 

.5 

89.0 

3.0 

23.0 

22.0 


Locatiun. 


do 159.0 

L.  M.  Lawson 150. 0 

do 4.0 


do 


105.0 


North  Fork  at  headworks,  Goldwin  Min- 
ing Co.'s  canal. 

i  mile  above  junction  of  South  Fork. 

South  Fork.  )i  mile  above  junction  of  main 
river. 

Tiltill  Creek  at  trail  crossing. 

Lower  end  Hetch  Hetchy  Valley. 

100  yards  below  bridge,  Middle  Fork. 

Above     falls,     lower     end      Tuolumne 
Meadows. 

Jacksonville. 

Ward's  ferry. 

Jacksonville.  Tuolumne  County. 

Mining  Company's  ditch  at  Lagrange, 
Stanislaus  County. 

Turlock  canal. 


>iisi'}iarge  mecuturements  of  Frog  Creek  at  inlet  Eleanor  Lake,  Tuolumne  County^ 

Cal. 


Date.              Hydrographer. 

Dis- 
charge. 

1 

Sec-feet. 

116.0 

33. 

5.7 

1.0 

4.9 

Location. 

1901. 

une  12     C.A.Miller 

uly    17    ..     .do     

LUg.   18     W.  W,  Cockins.  jr. 

LUg.  27  ", do _- 

)ct.      1 do      

IKR  81—03 25 
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[5a»l 


DiHcharye  meamirenients  of  Falls  Creek  at  Lake  Vernon  {upper  end),  TntMt 

County,  Cal. 


Date. 
19()1. 

Aug.  12 

Sept.  5 

Sept.  19 

Oct.  4 

1902. 
Aug.  29 


Hydrofrrapher. 


J.  B.  Lippiiicott ...  I 
W.  W.  Cockins,  jr. 

do 

do 


Dis- 
(charge. 


Sec.-feet. 
36.5 


Locatioii. 


9. 8     Tiltill  trail  croswing. 


8.0 
16.0 


Do. 
Do. 


E.  T.  Perkins 


4.0  I  100  yardH  above  junction  with  TndnEB' 


TUOLUMNE  BIVEB  AT  LAGRANGE. 

This  river  rises  on  the  western  slope  of  the  Sierra  Nevada  in  Ca: 
fornia  and  drains  the  country  located  between  Stanislaus  Riveroot: 
north  and  Merced  River  on  the  South.  The  northern  half  of  the  Y^^seo- 
ite  National  Park  includes  a  portion  of  its  drainage  basin.  Tfc 
river  is  fed  largely  from  small  mountain  lakes  occurring  high  in  t^ 
drainage  basin,  where  snow  i*emains  on  the  mountain  slopes  thron?^^ 
out  the  year.  The  stream  has  a  heavy  fall,  and  the  opportunitir 
for  power  development  are  numerous.  There  are  also  a  numl>^r'. 
reservoir  sites  in  the  basin  where  water  could  be  stored  during  tb? 
irrigation  season.  The  gaging  station,  established  August  29, 1" 
is  located  at  the  wagon  bridge  in  the  town  of  Lagrange,  Cal.  The  :»• 
is  vertical  and  is  bolted  to  the  right-hand  pier  of  the  bridge.  T:^ 
bench  mark  is  a  nail  driven  into  the  bottom  of  the  west  post  of  i-^- 
fifth  bent  south  of  the  south  iron  cylinder,  and  is  15.31  feel  at"'^ 
gage  datum.  The  station  is  located  below  the  high  dam  of  theTf:' 
lock  and  Modesto  irrigation  districts,  and  also  below  the  head  of  t> 
canal  of  the  Lagrange  Hydraulic  Mining  Company.  This  latter  catA 
diverts  water  from  the  left  bank  of  the  river  14  miles  above  Lagw^-" 
dam.  This  water  is  used  for  hydraulic  mining,  and  partly  ivta'' * 
above  the  gaging  station,  depending  on  the  convenience  of  the  mi^^ 
During  1898  water  was  first  turned  down  the  Turlock  Canal  in  *°^^ 
quantity,  and  was  used  for  puddling  the  banks  and  testing dam^' 
certain  reservoirs.  Whenever  measurements  at  the  gaging  st^n  '■ 
were  made,  the  Turlock  Canal  and  the  mining  company's  canal  *^^ 
also  measured.  The  channel  at  the  station,  both  above  and  ^ '' 
the  bridge,  is  straight  for  several  hundred  feet,  and  the  velocity 
the  stream  is  rather  uniform.  Both  banks  are  high  and  not  sab>" 
to  overflow. 
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>iisi'harg('    mvasurenients  of  l^iolumne  River  at  Lagrange,  StanUtlaua  County. 


DHto. 

1895. 
Mg,  29 
ept.  14 
rov.  28 

1896. 
.pr.  15 
lay  4 
une  17 
ept.  4 
►ct.    30 

1897. 

'eb.  15 

lay  29 

uly  12 

ept.  7 

>ct.  30 

tec.  20 

1898. 
lay    81 
ipr.    18 
uly   30 

k-t.      7 


Hydrographer. 


J.  B.  Lippincott 

do  _ 

do 


J.  A.  Vogleson . 

H.  Crowe. 

do 

do 

J.  B.  Lippincott 

do 

do 

A.  Q.  Campbell . 

do 

do 

J.  B.  Lippincott 


do  .  . 
do  ... 
do  . . . 


1899. 
far.  3 
ipr.  20 
ipr.  21 
lay  19 
une     6 


do 


Total 


J.  B.  Lippincott. 

S.  G.  Bennett . . 

do 


do 
do 


nne  29    do 

I 
Lng.     3  I do 


tept.  11 


do 


btnght. 

DincbarKe. 

1 

Feet. 

Sec-feet. 

4.4 

299.00 

5.8 

1,824.00 

4.2 

129.00 

6.95 

4, 236. 00 

7.0 

1 

4, 004. 00 

9.3 

8, 274. 00 

4.9 

671.00 

4. 45 

361.00 

'5.8 

1,864.00 

9. 25 

11,594.00 

5.7 

1,839.00 

i       4.0 

95.00 

4.73 

534.00 

4.85 

614.00 

5.9         1,887.00 
7.18  I     5,762.00 
103.00 

«30.00 
ft  24. 00 
<J83.00 


3. 95 

1 

4. 

2 

5. 

0 

55 

7. 

85 

(I 

72 

M. 

47 

6. 

15 

3. 

70 

3. 58 


Total 


137.00 

774. 00 

5,712.00 

6, 943. 00 

3,616.00 

8,964.00 

2, 347. 00 

23.00 

<- 12. 00 

«  29. 00 

ft  24. 00 

65. 00 


o  Turlock  Canal.         ''  La  Grange  Ditch  nnd  Hydraulic  Mining  Company's  Canal.         <?  River. 
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JHfU'hifrfje  vieaifirenients  of  Tuolumne  River ^  etc. — Omtinued. 


[so.»L 


Date.      I 


Hydrographer. 


1900. 
April    5 


May    20 


June  22 


Aug.  11 


Sept.     8 


S.  G.  Bennett 

Total  . 
S.  G.  Bennett 

do 


l^t    ^^ 


Frrt.     I    ^fT..U't 


e.fts 


Total 


S.  G.  Bennett 


Total 


S.G.Bennett 


2,mff' 

8.4         8,:3i.'» 


f''4,63. » 


7.09 


sy 


.o 


n:.  •• 


Deo.    27 


1901. 


Total  , 
S.  G.  Bennett 


Jan.    29  '  S.G.Bennett 


5.32 


14'':." 


5.75      \X'* 


Apr.     7 


do 


^.ss:  • 


6 


•10  i       K 


Total 

June  12     J.  B.  Lippincott 

Aug.     2  '  S.G.Bennett 

Aug.  31    do 


05.S 


1902. 
Mar.     6 


S.  G.  Bennett 


7.63 
5.45 
4.30 


6.00 


6.4:    ' 


Total \  2.4i'» 

'« River,     t*  Turlock  Canal.      <"  La  Grangre  Ditch  and  Hydraulic  Miain^  Compitay*!*  -^--^ 
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T>ischar{fe  nieaufi rements  of  Tnolnmne  River,  etc. — Continued. 


I>att*. 


H  y  drof^rapher . 


Gatfe 
height. 


Dis- 
charge. 


lay     1»  '   S.G.Bennett 


Feet,      i     Sec  -feet. 
«9,476.00 
ft  253. 00 
cry.  00 


8. 35 


Total - 9,7:^4.00 


LUK.    -T"      Li.  M.  Lawwm 


Total 


«15.00 

ft  105. 00 

^4.00 


134.00 


'I  River.       ''  Tnrlock  Canal.      <*  La  Orange  Ditch  and  Hydraulio  Mining  Cominny's  canal. 

'^Hthnated  monthly  discharge  of  Tuolumne  River  exclusiv>e  of  canaln  at  Luffraitge., 

Stanislaus  County. 
[Drainage  area  1,501  square  mil&s.] 


Month. 


-  1895. 

Ln^nst   

k*pteml>er  . . . 

)otober 

^'ovember  — 

>eceiiiber 

1896. 

fanuary  

i^ebmary 

darch 

^pril - 

day 

Fune 

Fuly     

Vngnst 

September  ._. 

October 

S'ovember  . . . 
^ecemlyeT 


Discharge. 


Maximum,  i  Minimum. 


Total  dis- 
charge. 


Run-off. 


Per      , 
square    I    Depth. 

mile.     I 


Sec-feet.        Sec-feet. 


Sec-feet.  !     Acre-feet.      Sec-feet.  \     Inches. 


2,182 
299 
129 

1,004 

7, 610 
1,780 

11,798 
7,990 

10, 100 
9, 320 
5, 330 
3, 050 
1,620 
350 
5, 710 
3, 620 


78 

78  . 
112  \ 
129  I 


350 
1,080 
1,006 
2,670 
2,670  i 
5, 140  I 

960  ! 


Theyear^' i      11,798 


4a  t 


132 


75 


007 


670 


75 


263 
134 
113 
270 

2,312 

1,164 

2, 725 

3,522 

4,429 

7,692 

3,003 

485 

432 

120 

1,135 

1,083 


2, 342 


15,635 
8,231 
6,698 

16,614 

142, 159 

66, 954 

167,578 

209, 574 

272, 371 

457,705 

184.677 

29, 828 

25, 742 


7, 366 


67,543 
66, 603 


1,698,100 


0.18 
.09 

.08 
.18 

1.54 

.78 

1.S2 

2.34 

2. 95 

5. 13 

2.00 

.32 

.29 

.08 

.75 

.72 

1 .  56 


0.20 
.10 
.08 
.21 

1.78 

.84 

2.10 

2.60 

3.40 

5. 74 

2.31 

.37 

.32 

.09 

.83 

.83 

21.21 


n  During  1896  there  was  no  water  in  the  Turlock  Canal,  and  the  Lagrange  Ditch  and  Hydraulic 
Vf  inin^  Company's  Canal  was  flowing  82  second-feet  approximately.  The  Lagrange  Ditch  and 
rlydranlic  Mining  Company's  Canal  was  flowing  approximately  %  seoond-feet  during  18H5. 
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Estimated  monthly  diacharge  of  Tuolumne  River,  etc. — Continued. 


Month. 


1897. 

January  

February 

March 

April 

May 

June 

July 

AugUHt    ...     -  - 

Septeml)er  . . 

Octol)er . 

November  _ . . 
December 


The  year  « . . 

1898. 


January  . . 
February  . 
March  . .  . 

April 

May 

June 

July 

August  .. 
September 
Octol^er 
Noveinl>er 
Decern!  )er 


The  vear '' 


Diachax^o. 


Mazimnin. 

See. -feet.     \ 
3,930  i 
13,300  1 
10,800 
13,500  I 
14,700  ' 
9,300  ' 
4,840  j 
570 
140 
750 
3 ,  540 
4,060 

14, 700 


Minimiuxi. 

See.  feet. 

660 

1,840 

2,500 

3,280 

9,600 

2.500 

480 

76 

28 

76 

260 

570 


750 

2,500 

2,060 

7,800 

6,960 

3,280 

750 

100 

88 

88 

82 

2,060 

.     I 

7,800  ! 


Meau. 
Sec-feet. 

1,231 

5, 172 

4,032 

7,735 

11,923 

5, 673 

2,181 

237 

86 

222 

768 

1,104 


Total  dis- 


Rnn-'-S 


Acre-feet. 

75, 692 

287,338 

247, 920 

460,363 

733, 121 

337, 566 

134, 105 

14, 573 

5, 117 

13,650 

45,699 

67,883 


Pw 

squftre 
mile. 


Srr.-fert. 

0.82 

3.4:> 

2.69 

5. 15 

7.W 

3. 78 

1.4o 

.16 

.(« 

.15 

,51 

.74 


1^.1 

9 


..If 


».r 


28  .  3,364  '  2,422,827    3.84   Su^ 


300 
300 


750 


1,270 

2,280 

750 

88 

76 

0 

32 

16 

32 

0 


I 


454 
900 
1,224 
4,014 
4,620 
2,247 


277 


20 

52 

39 

256 


27,916 

49,983 

75.261 

238,849 

284,075 

133, 705 

17,032 

5,236 

1,190 

3, 197 

2,331 

15,741 


0.30 

.60, 

.82 

2.67 

3.0J5 

1.50 

.19 

.06 

.01 

.03 

.m 

.17 


1,182  "      a54,496 


79 


I'  '- 


«  There  was  no  di8<-harge  from  the  Turlock  Canal  daring  the  year  1897  past  the  Lagnage  &c ' 
station;  it  wa«  wastcMi  into  the  river  above.    For  flow  of  the  Lagrange  Ditch  and  HysH 
Mining  Company's  Canal,  seo  special  measurements  of  that  canal. 

^During  the  yojir  189S  the  Turlot'k  Canal  was  not  discharging  any  material  amoaot  f^^^' 
past  the  Lagi-ange  gagmg  station,  and  the  T^grange  DitHi  and-Hydranlic  Kining  <'V>s^f^' 
Canal  was  caiTyiiig  about  34  stn-ond-feet. 
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Estimated  monthly  discharge  of  Tuolumne  River ^  etc, — Continued. 


Month. 


1890. 


anuary  . 
February 
larch  _ .  - 

Lpril 

£ay 


nne 


rnly 

August  ... 
teptember 
)ctober  .  _ . 
November . 
)ecember . 


The  year^' 
1900. 


fanoary 

j'ebmai-y  .. 

MLarch 

\.pril 

tfav 

fune ... 

rtily 

^ngnst 

September . . 

[)ctober 

i^o  vember . . 
December  . . 


The  year  ft. 


Diachar^. 


Maxixnam. 


Sec.'feet. 

1,940 

1,440 

21,800 

8,040 

8,680 

9,960 

2,490 

570 

45 

2,2a5 

6,400 

8,040 


21,800 


13, 160 
1,300 
3,100 
4,320 
9,820 
8,680 
1,740 
140 
110 
5,760 

14,440 
2,080 


14, 440 


Minimum. 

Sec-feet. 

110 

410 

570 

2,285 

2,080 

2,285 

330 

45 

15 

5 

660 

850 


5 


1,060 

750 

950 

1,440 

3, 100 

2,285 

140 

0 

0 

35 

410 

850 


Mean. 


Sec-feet. 

487 

740 
8,616 
5, 198 
4,513 
6,660 
1,010 

145 
33 

505 
2,428 
3,047 

2,315 


2,384 

967 

2,343 

2,389 

6,796 

5, 291 

694 

43 

11 

1,228 

2, 536 

1,332 


0  .     2,160 


■  1- 


Total  dis- 
charge. 


Rnn-off. 


Per 

square 

mile. 


Acre-feet. 

29, 945 

41,098 

222, 341 

309,004 

277, 495 

360, 594 

62, 103 

8,916 

1,964 

31,051 

144, 476 

187, 354 


1,676,341 


Sec-feet. 

0.32 

.49 

2.41 

3.46 

3.01 

4.04 

.67 

.10 

.02 

.34 

1.62 

2.03 


146,586 

53,704 
144,065 
142, 155 
417, 870 
314,836 

42, 672 

2,644 

655 

75, 507 
150,902 

81,902 


1,573,498 


1.54 


1.59 

.64 

1.56 

1.59 

4.58 

3.53 

.46 

.08 

.01 

.82 

1.69 

.89 

1.45 


Depth. 


Inches. 

0.37 

.51 

2.78 

3.86 

8.47 

4.51 

.77 

.11 

.02 

.89 

1.81 

2.04 

20.64 


1.88 

.67 

1.80 

1.77 

5.23 

3.94 

.53 

.03 

.01 

.94 

1.89 

1.02 


19.66 


a  For  record  of  discharge  of  Tur  lock  Canal  beginning  July  1 ,  1899,  see  Turlock  Canal.  Lagrange 
Dit<'h  and  Hydraulic  Mining  Company's  Canal  discharged  about  24  second-feet  during  the  year. 

''For  discharge  of  Turlock  Canal  for  1900  see  Turlock  Canal.  Lagrange  Ditch  and  Hydraulic 
Mining  Company's  Canal,  January  1  to  June  23,  24  second-feet;  from  June  24  to  October  20, 12 
lecond-feet;  and  from  October  21  to  December  31, 10  second-feet. 
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Kntimated  vwnthly  discliarge  of  Tuolumne  River,  ete, — C4>ntmae>l. 


Month. 


Diflcharfce. 


Maximum.  >  Minimnm. 


1901. 


January .  _ . 
February  . 

March 

April 

May 

Jane 

July 

August  ... 
September 
October  ... 
November 
December . 


The  year". 

1902. 

January  

February 

March 

April  -  - 

May 

June 

July 

August  . .  - 

September 

October 

November 

Deceml)er 


The  year 


Hec.-fe^t. 

18,280 

10,240 

7,080 

7,080 

18,160 

13,1«0 

9,960 

2,080 

350 

1,590 

1,300 

5,800 

19,240 


850 

6,780 

5, 810 

12,630 

11,360 

11,360 

2,690 

300 

200 

560 

2,690 

2,690 


Sfc.-feet. 

560 
1,440 
2,080 
1,740 
4,075 
4,900 
1,440 

200 

55 

0 

800 

200 


0 


200 

250 

1,180 

1,320 

2.470 

3,140 

350 

0 

35 

15 

250 

a50 


BniHf 


Mean. 


Sec-feet. 

3,851 

7,204 

3,720 

3,961 

8,036 

9,387 

3,701 

784 

175 

211 

574 

1,339 


ToUkldi»-    , 
charge.      [      Ptf 

square      I>'i't: 
mik. 


8,537  I  2.588,990         2.31 


352 

1,443 

2,103 

4,735 

6,334 

6,519 

998 

91 

89 

113 

676 

809 


2,022  I  l,469.3a5 


1.*) 


Acre-feet.  Sec-fert.     I 

206, 145  3.33 

400,090  4.80 

228,733  ,      2.48 

235,696  I      3.64 

494,114  5.35 

558,566  '      6.25 

227,566  2.47 

48,206  I        .52 

10,413  1        .12 

12, 974  .  14 

34,155  ..3s? 

82,332  .89 


"i  I 


■» 


21,644 

0.23 

II 

80.140 

.96 

T 

129,308 

1.40 

^ 

J 

281,752 

3.15 

.1 

..4 

389,462 

4.32 

4 

387. 907 

4.34 

4 

61,365 

.66 

5,595 

.06 

5,296 

.06 

6,948 

.08 

40,225 

.45 

49.743 

.54 

1» 


a  Record  for  Turlo<*k  Canal  for  1901  is  incomplete, 
ing  Company's  Canal  diflfharged  from  January  1  to 
7  second-feet,  and  flow  was  not  material  after  that. 


The  Lagrange  Ditoh  and  Hydrant  '^' 
March  81, 10  aecond-feet;  April  I  toJiJy- 
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<rhftr(/f  nit'ttHitrementH  nf  Lcig range  Ditch  and  HydranJiv  Mining  (^omjHtiiff's 

Canal. 


►r.    15 

1897. 
iy    29 
t.     «0 
(C.    20 

1898. 
yt,    18 
ay   :U 
ily    30 
rt.      7 

1899. 
ar.  3 
pr.  21 
me  29 
ug.  3 
'pt.  11 

1900. 
pr.     5 
me  22 
ug.   11 

1901. 
pr.      7 
ng.  31 


J.  A.  Vogleson 


J.  B.  Lippincott. 
A.  Q.  Campbell . 
J.  B.  Lippincott. 

J.  B.  Lippincott 

do 

do 

do 


J.  B.  Lippincott. 
S.  Q.  Bennett . . . 

do 

do 

do 


S.  G.  Bennnett 

do 

do 


S.  G.  Bennett 
do     


Hydro{frapher. 


Dis- 
charge. 


Sev.-feet, 

32.0 


22.0 

6.2 

24.0 

«  30. 0 
26.0 
24.0 
24.0 

24.0 
23.5 
24.0 
24.0 
24.0 

24.0 
12.5 
12.0 

7.2 
4.5 


(I  EHtimat<Hl. 
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Discharge  measurements  of  Turlock  canal ^  Lagrange ,  Stanitiau*  Ccuntj. 


1,1 


Date. 

1897. 
Sept. 

1808. 
Oct. 


Hydrotrrapher. 


A.  Q.  Campbell 


FM.      M* 


J.  B.  Lippincott. 

1H99. 

Apr.  21 

May  20 

Jane  6 

June  29 

Ang.  4 

Sept.  9 

1900. 
Apr.     6  I 
Jnne  22 
Aug.  11  ] 
Sept.     8  I 

1901. 

Ang.  31     S.G.Bennett 

I 

1902.  j 

May    13  1  S.G.Bennett '  2.« 

July    23    do... 3.0 

Ang.  27  I  L.M.Lawson 2.6 


»3.  \JI  .   M-fT-tHT^l/V  . .     . 

...-do  .   

do 

....do  .- .- _ 

.    o.:.-) 

.do  .                 -              ----'.. 

1.70 

...do  . _.- 

S.G.Bennett 

1.0 

1 

2.0 

..do 

50 

...do 

1.90 

...do 

1.15 

.0 


4-: 


■*, 

1 


ii: 


:^k 


.1  ! 
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stunaied  monthly  discharge  of  Turlock  catwl  at  Lagrange,  Stanislaus  County, 


iiy- 

ngnst 
iptember 
ctoher  .  . . 
oveinber . 
ecember  . 


mnary . . 
ebniary 
[arch  _ . 


pril 

[ay  ...  -. 

ane . 

aly 

u^st  .  -  - 
pptember 
i^tober  ._. 
fo  vember . 
►ecember  . 


The  year 


anuary . . . 
'ebmary  . 

larch 

Lpril 

lay 

Tine 

uly 

Lngnst  . . . 
•eptember 
)ctober  _ . . 
November. 
December 


Montli. 


1899. 


1900. 


1902. 


Discharge. 


Maximum. 


Sec-feet. 
48 
86 
34 
10 
3 
0 


The  year 


0 

133 

133 

133 

133 

133 

133 

133 

36 

0 

0 

0 

133 


0 

0 

286 

360 

380 

420 

460 

367 

47 

0 

0 

0 

460 


Minimum. 


Sec-feet. 
1 
1 
8 
1 
0 
0 

0 

28 

64 

0 

133 

9 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

400 

215 

105 

0 

0 

0 

0 

0 


Mean. 

Ser.-feet. 
11 


55 


19 
7 
1 
0 

0 

62 

84 

90 

136 

71 

120 

57 

26 

0 

0 

0 

54 


0 

0 

187 

268 

325 

406 

405 

287 

0 

0 

0 

0 

156 
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Ih'tfcharge  meaHvnnneiitH  nf  T^tolumne  River  at  Modesto,  StanMiH*  d/^Ht- 


Dnte. 


Hydrcjffrapher. 


beiefat.    --hix^ 


IH95. 
Jan.  H 
Mar.  21 
May  1 
May  2 
June  27 
Aug.  27 


Frrt. 


J.  B.  Lippincott- 7. 


.....do - 6.75 

do 10.55 

do 12.9 

...do 13.0 

A.P.Davis 4.0 

Nov.  30  I  J.  B.  Lippincott. 3.42 

1896.     ' 

Apr.    14     J.  A.  Vogleaon '      7.9 

July     4     C.C.Babb.  ._.. ,  9.6 


-V 

I 

J 

.1 

K4' 


Sept.     5     H.  Crowe - 4. 5 

Oct.    31  '  J. B. Lippincott S.9i 


Estinutted  monthly  discharge  of  Thiolumjie  Riv^er  at  Modesto^  Stxini^u*  Con* 

[Draina^  area,  1,635  square  milee.] 


November 
Deceml>er 

1879. 
January 
February '      14, 230 


March 

April 

May 

June 

July 

August 

September 

Octolier 

November 

December 


The  year 


"  Autbority,  (^alifomia  State  enKineerinK  department  from  1878  to  1884,  inrln««v 
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Estimated  monthly  discharge  of  Tuolumne  River,  etc. — Continued. 


Month. 


1880. 


anary 

bmary  . 

irch 

»ril 

ly 

ne 

ly 

ignst  - . . 
ptember 
ix)ber  ... 
)vember. 
jcember  . 


The  year 

1881. 

mnary 

jbniary 

arch 

pril 

ay - 

ine .    

ily 

ugnst 

?ptember 

ctober 

ovember 

"ecember 


Discharge. 


Maximum. 


Sec. -feet. 

1,290 

5,150 

1,550 

19,300 

16,300 

17,050 

13,220 

2,960 


Minimam. 


Sec-feet. 

170 

130 

.      370 

770 

6,280 

10, 340 

3,295 

300 


5, 020 


22,900 
5,020 
10, 340 
10, 200 
8,630 
3,970 
1,380 


2,640 
2,440 
3, 290 
4.790 
3,540 
690 


Mean. 


Bun-off. 


Total  dis- 
charge. 


Sec-feet. 

Acre-feet. 

409 

25, 148 

625 

35, 950 

832 

51,157 

7,141 

424, 918 

10, 371 

637, 687 

14, 075 

837, 521 

7,618 

468, 412 

1,233 

75, 814 

134 

7,973 

56 

3,443 

35 

2,082 

1,095 

67,328 

3,635  .  2,637,433 


The  year 


2,884 

6, 755 

2,879 

6,260 

7,274 

5,225 

1,996 

391 

125 

130 

193 

620 

2,894 


177,330 

375, 158 

177, 022 

372, 495 

447, 261 

310, 909 

122, 729 

24,041 

7,437 

7,993 

11,484 

38, 122 


Per 

square 

mile. 

Depth. 

Sec- feet. 

Inches. 

0.25 

0.29 

.38 

.41 

.51 

.59 

4.37 

4.87 

6.34 

7.31 

8.61 

9.61 

4.66 

5. 37 

.75 

.86 

.08 

.09 

.03 

.03 

.02 

.02 

.67 

.77 

2.22 

30.22 

1.76 

2.03 

4. 13 
1.76 
3.83 
4.45 
3.20 
1.22 

.24 

.08  . 

.08 

.12 

.38 


4.30 

2.03 

4.27 

5. 13 

3. 57 

1.41 

.28 

.09 

.09 

.13 

.44 


2,071,976         1.77 


23.77 
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^uthtuUefi  monthly  discharge  of  Tuotumne  River ^  et^. — Cantmoed. 


Month. 


Maziiuam. 


Djflcharge. 


Minimum.  I    Mean. 


RUHifl 


Total  dis- 
ci 


1882.  I    Secfeet. 

January  * i 

February '        1»360 

March 11,410  i 

April 5,780  ' 

May ]      11,250  I 

June       I      13,670  " 

July 5,650 

August 

September 

October 

November 

December 


Sec.-feet. 


The  year 

1883. 


January... 
February  . 

March 

April . 

May . 

June 

July 

August 

September 
Octol)er . . . 
November 
December . 


The  year 

1884. 
January 

February  

March 

April 

May 

June 

July 

August 

September 

October , . 


2,270 

4,670 

4,560 

890 


Sec-feet. 
620 

Acre-feet. 
38,122 

573 

31,823 

2,164 

133.059 

3,543 

210, 823 

7,461 

458.759 

8,046 

478, 770 

2,745 

168,  7i<i 

574 

35,294 

255 

13,388 

873 

43,678 

570 

33,917 

827 

20,106 

2,310 


654 

490 

1,310 

3,270 

8,180 

6,540 

1,635 

490 

327 

262 

327 

327 


1,984 

410 

490 

6,540 

7,360 

7,360 

8,180 

6,540 

1,635 

327 

245 


1.440,406 


25,210 

38.185 

402,129 

437,950 

452,548 

486,743 

402.129 

100,532 

19,457 

15,064 


aqnu^ 
mile. 


-ffrt 

.35 

1.32 

2.17 

4.56 

4.92 

1.6i< 

.35 

.14 

.53 

.35 

.20 


l^j'*- 


1%.' 


1,666,522         1.41 


40,211 

0.40 

27, 213 

.30 

80,548 

.80 

194,578 

2.00 

502,968 

5.0t» 

389,157 

4.00 

100,382 

1.00 

30,129 

.30 

19,4o7  ' 

.20 

16,110 

.16 

19,457 

.» 

20,106 

.20 

■K.. 


•      i 


1.21       1*J' 


0.25 

.3l> 
4.00 
4.50 
4.50 
5.00 
4,00 
1.00 

.20 


.15 


•PINCOTT.] 
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EstuMited  monthly  discharge  of  Tuolumne  River,  etc, — Continuetl. 


Month. 


1895. 

nuary 

fbmary 

arch 

jril 

ay -   -- 

ine _ . 

ily --- 

aguat 

iptember  . . . 

3tober 

ovember 

ecember 


The  year 

1896. 

innary 

ebniary 

Larch 

pril _ 

[ay 

une 

aly _ 

.ngust 

eptember 

»ctober 

rovember 

tecember 


Dischaive. 


Maximum. 

Sec-feet, 

16, 130 

19, 650 

10, 785 

10,012 

16,000 

12, 530 

6,692 

1,550 

5,616 

200 

500 

730 


19,650 


13,868 

1,880 

11,798 

14, 873 

14, 754 

14, 754 

8,735 

1,118 

2,918 

474 

7,802 

3,560 


Jlie  year I      14, 754 


Minimum. 

Mean. 
Sec-feet. 

Sec-feet. 

1,398 

4,828 

1,322 

3,915 

1,710 

3,165 

8, 255 

5,824 

6,097 

11,798 

5,616 

9,163 

1,550 

3,831 

285 

848 

200 

615 

120 

152 

210 

255 

180 

283 

120 

3,719 

246 

1 
3,080 

950 

1,182 

1,006 

2,725  . 

1,970 

3,577 

2,550 

5,180 

6,990 

11,648 

1,306 

4,121 

300 

575 

220 

574 

180 

224 

273 

1,210 

516 

1,028 

180 

2,927 

Total  dis- 
charge. 


Run-off. 


Per 

square 

mile. 


Acre-feet. 

296,900 

217,430 

194,610 

346, 570 

725,400 

545, 110 

235,540 

52, 125 

86,600 

9,346 

14, 985 

17,405 

2, 692, 021 


189,370 

68,007 

167, 578 

212, 828 

318, 500 

693, 104 

253, 408 

35,392 

34, 191 

13, 797 

72, 012 

63.247 


Sec-feet. 

3.22 

2.61 

2.11 

3.88 

7.87 

6.11 

2.55 

.57 

.41 

.10 

.17 

.19 


2.45 


2.05 

.79 

1.82 

2.38 

3.45 

7.09 

2.75 

.38 

.38 

.15 

.81 

.69 


7  I  2,121.434         1.90 


Depth. 

Inches. 

3.70 

2.72 

2.43 

4.33 

9.07 

6.82 

2.94 

.65 

.46 

.12 

.19 

.22 

83.65 


2.37 

.86 

2.10 

2.66 

3.98 

7.87 

3.17 

.44 

.43 

.17 

.90 

.79 

25. 74 
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h' 


T^VIN  CREEKS. 
Discharge  ineaHumnents  of  East  THvin  Creek  in  Canyon.  San  Bemardihor 


I)at*» 


Hydrc»|frHphor . 


i.- 


1K9H. 
June  11  I  J.  B.  Lippincott. 


Total    ... 

Sept.     9  I  J.  B.  Lippiiicott 
Sept.     9    do    


1899. 


Total 


Mar.   24     S.  G.  Bennett 


Mar.  24 


I 


do 


I 


Total 


Aug.  25  j  S.  G.  Bennett 


Aug.  3o 


do 


Total 


1900. 


Jiilv    12  I  S.  G.  Bennett 


Total 


Oct.      1  ,  W.  W.  Cockinsjr 


Total  -- 
1902. 
Apr.     4  I  S.  (t.  Bennett 


Sept.     4 


Total 
W.  B.  Clapp 
••Ditch. 


/>Tuiinol. 


•Creek. 


IPPINCOTT.] 


WALKER   KIVER. 
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yischarge    vieagurements  of    West    Ttviii   Creek  in   Canyon^  San    Bernardino 

County, 


Date. 


Hydrogrrapher. 


1898. 
line  11 


eyt.     9 

1899. 
iar.   21 
LUg.  25 

1900. 
ulv    12 


Dis- 
charge. 


J.  B.  Lippincott. 

Total 

J.  B.  Lippincott. 


Sec-feet. 
«1.06 
6.68 
C.40 

2.14 


S.  G.  Bennett 
do 


.do 


k-t.       1  ,  W.W.CoclrinsJr 

1902. 

S.G.Bennett 
W.B.Clapp. 


ipr.     4 
ept.     4 


.38 

3.00 
.20 

.22 

.16 

3.20 
.13 


(( 


Pipe  line  to  Waterman  Ranch.         f>  Flume  to  Settlers.         f  Hot  Springs  at  Old  Ranch. 

WALKER  RIVER. 
Discharge  vieasuremenis  of  Walker  River.  East  Fork, 


Date. 


Hydrographer . 


1902. 
ulv  24 
Lng.  27 
>ct.  6 
Illy  26 
Inj^.  21 

Do    . 
Xt.       6 

Do  - 
)ct.       7 

Do.. 


L.H.Taylor.. 
D.W.Hays  .. 

....do  - 

F.H.Olmsted 
D.W.Hays  .- 
do 


Xt. 


do 
.do 

do 
.do 
.do 


Dis- 
charge. 


Siec.-feet. 

196. 5 

79. 5 

57. 6 
119.8 

75.7 

43.2 

24.0 

20.0 

•J.  2 

7.12 

5.7 


Location. 


10  miles  below  Bridgeport. 

Lower  end  Bridgeport  Valley. 

Below  all  diversions  in  California. 

Robinson  Creek  below  Twin  Lakes. 

Do. 

Buckeye  Creek  west  of  Bridgei)ort. 

Robinsons  Creek,  Twin  Lakes. 

Buckeye  Creek,  Buckeye  Springs. 

Somers,  southwest  of  Bridgeixjrt. 

Green  Creek  above  Standard  Dam. 

Virginia  Creek  bridge   at   Huntoon 
Ranch. 


IRR81— 0:5- 


■20 
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Jk'.t  ». 


Discharge  measurements  of  Walker  River ^  West  Fork. 


Date. 


Hydrogrrapher. 


Dis- 
charge. 


Location. 


1902.      I 
July    22     F.H.Olmsteil 

Do -do 

July    23    -   - 

Do 


S^r.-fret, 

.  417.0  8  miles  above  Larseus. 

15. 5  Silver  Creek. 

do '       10. 5  Qninton  Creek. 

do 71. 5  '  Leavitt. 


July    24  ; do 95.0  I  At  Middle  Fork. 

July    25     L.  H.  Taylor 330. 6     Upi)er  end  Antelope  Valley 

Auk.  23  I  D.W.Hays 69.7  Do. 

Oct.      4    do 69.8  Do. 

Aug.     8    do    321. 8     Bridge  aljove  tollhouse. 


Discharge  measurenumt  of  Big  Walker  River ^  Learitts,  MoJio  County. 


DaU>. 


Hydr()|n*apher. 


1896. 
Oc't.     18     J.B.  Lippincott. 


Dis- 
charge. 


Sec.-fetft. 

45 


LlM'Htioll. 


Discharge  measurertieiit  of  Little  Walker  River,  Hardys,  Mono  (\mnt9. 


Date. 


Hydrojprapher. 


I      Dis- 
,  charge. 


Sfc.-feet. 
39 


1896. 

Oct.     17  :  J.  B.  Lippincott_     

1902.  ' 

July  24.  :  F.  H.  Olmsted. .  _ 101. 6 


Location. 


BlackV)urns  Junction. 


WARD  AND  WARREN  DITCH. 


See  San  lieriiHnliuo  Valley. 


WARM  CREEK. 
WARM    (  KKKK,  HAWES  AND   TALMADtiK    DITrH. 

See  San  Bernardino  Vallev. 

ar 

WARM   CREKK,  M'KENZIE   DITCH. 

See  San  Bernanlino  \'alley. 


PPIN*-OTT.] 


WHITE    CREEK 
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WARM   CREEK,  MEEKS  AND   DAILY  DITCH. 


See  Sau  Bernardino  Valley. 


WARM   CREEK,  RABEL   DITCH  (DAM), 


See  San  Bernanlino  Valley. 


WARM    CREEK,  SHAY  OR   STOUT   DITCH. 


See  San  Bernardino  Valley.. 


WHITE  CREEK. 
if  hunted  vumthly  discharge  nf  White  Creek  at  IxMe  of  foothUln^  Tulare  County.^ 


[Drainage  area,  M)  Hquare  milett.] 


iimarv . . . 
t'bmary. . 

'arch 

pril . 

[ay 

tine    

Illy  ...... 

ll{?118t   ... 

epteuiber 
'ctober  . . . 
^oveinl)er. 
►tH'eiul)er  . 


Month. 


1S79. 


The  year 


Run-<)ff. 


MeandiM- 
charge. 

Total  diH- 
charge. 

A'-re-fi'et. 

Per  eunare 
mile. 

• 

Depth. 

itvimd-fvet. 

Sevond-feet. 

Jnc'fufM. 

I 

430 

0.08 

0.09 

12 

666 

.14 

.14 

6 

369 

.07 

.08 

28 

1 ,  368 

.25 

.28 

16 

984 

.18 

.21 

5 

297 

.06 

.07 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

...    .--^_ .. 

0 

0 

23 

1,368 

.25 

.28 

45 

2, 767 

8, 249 

.50 

.58 

11 

.13 

1.73 

-         T 



'«The  entire  rword  is  <>>«timat4Hl  from  re<"ords  of  neighboring  draiuagtt  biiHiiiH.    Autht>rity, 
alifornui  Stat^j  «'ngineoring  cii^iiai'tment.  • 
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\i   » 


Exiimati'd  monthly  discharge  of  WHiiie  Creek,  e/r,— Continned. 


Month. 


1880. 

January 

February  

March 

April i.- 

May  .    .- -- 

Jnne 

July 

AugUHt- 

September 

October . 

N()veml)er 

Deceuiber    

Tlie  year  .... 

1881. 

January 

February  

March 

April 

May 

June    

July  - 

AuK^st 

Septenil)er  . . 

Oct()l)er 

Noveniljer . .  •. 

Decemlx?r 

The  year 


Mean  di»- 
chari^e. 


Second-fret. 

108 
207 

2;34 

361 

180 

4.5 

5 

0 

0 

0 

18 

45 


93 

45 
90 
90 
90 
90 
45 

0 

0  1 

0  ' 

0 

0  ' 

11 

38 


Total  dii»- 
charge. 


Bim-cf. 


PeraqnBTe 


Arr*''/e^t. 

6,640 
11,906 
14,388 
15,530 
11,067 

2,677 
307 


U071 
2, 767 


66,353 

2,767 
4,998 
5, 534 
5.355  I 
5.5;J4  j 
3. 677  I 


676 


27, 541 


Srrtmd-ffft.     M 
1.20 
130  t 

2.60 

2.90  ' 
2.00 

.Ofi 
0 

0 

0 
.20 
..W 

1.02 

0.."Ai 
1. 00 

I 

l.OU 
1.00 
1.00  , 

0 

0 
0 
0 
0 
.12 

.42 


I  ■• 


PPIXCOTT.] 
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Estimated  iiumthly  discharge  of  Wliite  Creek,  etc. — Ccmtinued. 


Montli. 


1882. 
»nn»r>'  ...... 

ebniHry . 

[arch     . .    . .    ...    . . 

pril   ... 

[ay 

line    .. 

Illy     

.nKiist 

eptember 

•ctol)er 

lO  veinl)er 

^eceinher 

The  year 

1883. 

aniiary   

'ebruary  _ - 

larch 

Lpril  _ 

lay 

une ._ -- 

nly 

LTlgTLSt    - 

•eptember 

kjtober 

rovember 

)ecember 

The  year 


Run-()ff. 

Mean  diii- 
oharge. 

Total  din- 
charge. 

Per  flfjiian* 
mile. 

Depth. 

Ht'vond-fvrt. 

Arro-ffvt. 

}<froHd-feft. 

JiwheH. 

11 

676 

0.12 

0.14 

14 

t  1  i 

.15 

.16 

45 

2,767 

.  50 

.58 

45 

2, 677 

.50 

.56 

9 

553 

.10 

.12 

0 

0 

0 

0 

" 

0 

0 

0 

0 

0 

0 

0 

0 

9 

553 

.10 

.12 

14 

833 

.15 

.17 

1 

5 

307 

.06 

.07 

13 

9, 143 

.14 

1.92 

< 

1 

14 

861 

0. 15 

0.17 

14 

777 

.15 

.16 

72 

4,427 

.80 

.92 

45 

2,677 

.50 

.56 

36 

2,213 

.40 

.46 

0 
0 
0 
0 
9 

0 
0 
0 
0 
.10 

0 

0 

0 

0 

553 

.12 

9 

535 

.10 

.11 

14 

861 

.15 

.17 

18 

12,904 

.19 

2.67 

i 



_-— : 

— . 

406 


CALIFORNIA    HYDROGRAPHY. 


Katimuttil  mnnthly  dincharge  of  White  Crerk.  rtr. —ContvunM. 


Month. 


Rqd^jS 


1SH4. 

January       

Febniarv  .... 

March    .     . 

April  

May  .    ..       ... 

Jnn(^ 

Jnly  .       

August 
SeptemlH*r 
Oct<)l)er     


Mean  diH- 


Total  dis-    ' 

charge.      iPertritan. 
mm. 


iH-i! 


Seconti-frft.  '      Aife-frrt . 

45  1  2,767 

270  i         15,530 

270  i         lfi,601 

180  10,710 

86  2.213 

45  I  2,677 

0  ■ 

0    ....    ..      . 

0 

I 

0    


0.5rt  ' 

2.  W  i 
.4<) 

0 
(i 
n 
0 


hi^: 


a  .♦ 


WHITEWATER  RIVER. 

DifU'fiarge  fneajntrenienta  of  Whitetvater  River  and  trihutarirs  ut  rtirinM  ;*>  '• 

San  Bernardino  and  Riverside  eonntiea. 


DRt<^. 


Hydntf^raphor. 


Feb.   15,  1898  i  J.  B.  Lippincott 

Mar.     4.  1899    do 

I 

Feb.    16,  1898  ; do  


Feb.   17,  1898  ' do 


Do 
Do 


do 
do 


•      Dis- 
j  charge. 


7.42 
2.52 

14.24 

4.64 
.82 


It.  i 


JiO<iility 


South  Fork  at  tnnnel. 

Do. 
Main  river  at  foot  of  Brtir  Vx 

ley  trail. 
North  Fork  at  month. 
Middle  Fork  at  mouth. 
Main  river  2 miles aboreffi'S- 


Diacharge  ■me<unirenienfH  of  Bear  Valley  Ditch,  Riverside  Couuts- 


Date. 


Hydri)grrapher, 


Feb.    17,  1898  j  J.  B.  Lippincott 

Sept.  28,  1899  i do 

Sept.  29,  1899  1 do 


Dis- 
charge. 


Locslity. 


Sec-feet. . 

3.05  !  imile  northeast  of  ramhfe 

5. 20  !  At  head&:ate. 

2. 49  1  1  mile  l>elow  headgat^. 


.IPP1NCOTT.1 


YUBA    RIVER. 
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OLsvharge  fneasurementH  of  Bear  }^alley  and  Pahn  Sprhig  joint  headworkH,  mouth 

of  Canyoii,,  Riv^ermde  County. 


Dat«». 


Hydrogrrapher. 


5ept.     7.  1898     J.  B.  Lippincott 


Aug.  25,  1899 


S.  G.  Bennett 


Dis- 
<'harg«> 


Sfr.-feel, 

9. 35 
6.84 


WHITING  DITCH. 


Seo  San  liernardino  Valley. 


See  Susan  Rivtvr. 


WILLOW  CREEK. 


YUBA  RIVER. 


Dutch nrge  meaKurenienta  of  Ynha  Rwer. 


Date. 


Hydrc>tfrapher. 


Dis- 
charge. 


LfX'ality 


1S78.      ; 

De<\      9     State   engineering  de- 
partment. 

do 


Det'.  12 
1879^ 
Feb.  14 
Mar.  6 
Mar.  9 
Mar.   12 


Srr.-feet. 

I 

510     Marvsville. 


r»10 


U  miles  l)elow  Bmartuville. 


do  . . . 18,  ()00  ,  MaryHville. 


-  do 
..,do 
...do 


25, 750 

11,500 

9,500 


Mar.    19    do 7,000 


Ang.  28    do 


600 


Do. 
Do. 
Do. 
Do. 
Smartsville  to  Marysville. 
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tml. 


Diftchnrge  mewmrenietit»  of  Yitba  River  belotp  Parkn  Bar  Bridge^  Smari»nBf 

Yuba  County,  Cal. 


Ditto. 

190(). 
June  2H 
Jyne  29 
July  11 
July  12 
July  13 
July  22 
July  23 
July  24 
Aug.  7 
Aug.  8 
Aug.  14 
Aug.  28 
Sept.  14 

1902. 
Sept.     1 


H.D.H.Connirk  . 

HydroKFapber. 

_                      _                        _  _        ' 

Gaffe 
Frt-t. 

3.  ir» 
2.ai 

2.65 
2.  eSy 
2.61) 
2.42 
2. 5(» 
2.511 
2.23 
2.30 
2.35 
2.20 
2.61) 

..   .do  

l.'S* 

...do  

....do 

....do 

TA 

....do    

f^ 

..   .do  .    

1^. 

....do .. 

C 

...do  . 

...do 

\\ 

....do 

-»1 

....do 

....do 

:>: 

Chas.  A.  Miller 


Discharge  measurementH  of  Yuba  River,  North  Fork,  alnay  jiower  e»m}»v-9i 

dam,  Yuba  County,  Cat. 


H.D.H.Connick 
do _. 


Date. 

19()0. 
July  3 
July  6 
July  17 
July  18 
July  27 
July    29 

July    31  , do  . 

Aug.     9  I do  . 

Aug.   10  I do  . 

Aug.  29  I do  . 

Aug.  30  I do  . 


Hydrogrrapher. 


do 
do 
do 
do 


• 

Qaee 

oJarp 

Pert 

S^  .'.'t 

2.05 

^l5 

1.95 

sr 

1.70 

4$ 

1.65 

r-* 

1.65 

.H 

1.60 

■  1. 

1.60 

IM 

1.55 

:=-* 

1.57 

1.48 

1.4J* 

V 
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tvhftrge  nieamtreme7its  of  YuIhi  River,  Middle  Fork,  at  Freemans  Bridge^  Ynha 

County,  Cal. 


>ate. 


1K)0. 

ly 

1 

ly 

3 

ly 

4 

iy 

7 

ly 

29 

K. 

11 

1?. 

13 

IK- 

29 

K- 

30 

)t. 

18 

H y drographer. 

Gage 
heiKht. 

hWt. 
2.40 
2. 35 
2.30 
2. 57 
2.30 

2. 15 
2.20 
2.20 
2. 15 

Dis- 
i'harjfe. 

H.  n.  H.  Connick 

do 

• 

Sfr.-feet 

191 
180 

..do     

185 

do 

162 

do 

109 

do 

do. 

79 

78 

do [ 

69 

..    .do 

68 

.     .do.   

64 

DiHcharge  meaxurempnts  of  YuIhi  Kilmer,  Yulxi  County,  (*al. 


[)ate. 

1902. 
\ii.  29 

ig.  30 
pt.     1 


Hydpog-nqiher. 


S.  G.  Bennett 


IK.  29 
Do.. 


Chas.  A.  Miller. 
do 


Total  ... 
S.  G.  Bennett 

do 


Dis- 
charge. 


Sec-feel. 


L(H»ttlity 


58 


55 
32 


87 
58 

9.3 

7.0 
52 

64 
001 


Sonth  Fork,  at  Eldorado  bridge. 

Sonth  Fork,  at  Bridgeix)rt  bridge. 

Excelsior  Mining  and  Irrigation  ca- 
nal, at  Pleasant  Valley. 


South  Fork,  75  feet  alx)ve  Edwards 
bridge. 

South  Fork,  North  Columbia,  Eureka 
Lake  Company's  canal. 

South  Fork,  North  Bloomfield  ditch. 

Middle  Fork,  i  mile    l)elow    Delihi 
mine. 

j  Middle  Fork,   3()0   feet  below  Free- 
mans bridge. 

North  Fork.  Bay  Counties  Electric 
Co.'s  flume,  l)el()w  headgate. 
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MAXIMUM  FliOOD  MrELVSlTUEilKNTS. 

The  followiiij^  flo<Hl  measurements  are  g^iven  *is  having  prnkr 
int4»iH»st  to  the  eugine<»r  in  connection  with  the  desi«niinij  of  hri'i> 
an<l  of  spillways  for  reservoirs.  It  is  not  intended  that  thes**  sb*- 
Ik*  considert»d  as  the  maximnm  floo<ls  that  will  evercx.'cur  on  tl--- 
drainaj^e  basins.  They  nn^  rath(»r  <^iven  as  a  nn-ord  of  tW  bir^s 
obs<»rve<l  vohiiiies  known  to  the  autlior.  Tt  is,  of  course,  oxctviliL: 
difficult  to  measun^  accurat<»lj' a  river  in  i]:reat  flood,  ami  it -.i!"" 
falls  io  the  fortune  of  a  hydroj^rapher  to  l)e  present  at  the  inaxiniEn. 
flood  wav(S  hut  it  is  lH»lieve<l  lliat  these  data  mav  b<M'ahiablef)irl:. 
purposes  mentioned: 

(lila  River  at  Florence.  Ariz.,  Fehniar>%  1891;  17,750  .square  miles 'iraiLi.' 
are:i;  disfharso.  •1<)*2,5(M)  second- feet,  or  7.5  second-feet  per  square  mile. 

Salt  River,  Arizona.  February.  IWU:  area  of  drainage,  12,000  square mil^:  I- 
diwharKc.  :>(>0,(M)i)  second- feet,  v^r  C4.0  sec^md-feet  per  sc^nare  mile. 

Gila  River  at  C4ila  bend.  February,  1891,  pTol>able  floo«l  diwhar^.  .''  " 
second-fet»t. 

Mormon  Canyon,  Los  Angeles  C\mnty,  154  square  miles  drainage:  eVv- ' 
fr«  :n  1,00;)  to  8.8(M):  flo<Kl  discharKe  by  Schnyler  from  7(M)  t^»  800  second-f--*  • 
48. 5  second-feet  jK^r  square  mile. 

Sweetwater  River,  186  square  miles  drainage  area:  January,  1895.  is,i:i«».-f''- 
feet,  or  07.5  second-feet  per  square  mile. 

TucKumne  River  at  La  Gi*ange  dam,  drainage  area.  1,5<U  scjuare  rrak^  ef^' 
tions  to  14,0(X)  feet:  flood  discharge.  46,000  second-feet,  or  30.6  g«X)nd-frt^:  ] ' 
stiuare  mile. 

Yuba  River,  South  Fork,  at  Bowman  dam,  elevation.  5,500  feet:  dr»iBag«-a:-> 
19  scjuare  miles:  disc*harge.  5,000  to  7.000  second-feet  from  melting  sa^w.r 
sec-ond-feet  per  s<piare  mile. 

Cherry  Creek,  Colorado,  area,  175  square  miles;  floo<l  discharge,  io.imi*^ '- 
feet,  or  57  second-feet  per  square  mile. 


1  MAXIMUM    KUM>I>   MKAaiiRKMKNTS. 

hJI.kkU  ifinisiired  bu  tlt>-  I'tiUnt  States  C!ritliifiU-,il  Si, 


Disrharce 


Ki-rti 

Near  Balterefiol.l  .    . 

King 

Mokelnuine 

. . .  ■  EW-tni 

Sat-raiiiento 

.       J^lljK  Perry 

Siin  Aiitimi" 

.   ■  Ne«r    JoUm    (aU.ve 
Pinkert..!!     .1  a  ni 

Hit«l. 

Sail  «»brid 

San  Jnaiinin 

Heni.]..n 

San  Loreiiz.. 

Santa  Ann 

Wann  SpritiK     

..      OaMale    

Stony  C-TP^k 

.    Julian's  ranc'h 

Tnolnmnp 

Laitranpp 

34.051)  , 


tl.^riO  ' 


"  18. 000 

ai.sDo  , 


IIO.-J:| 

4.011 


It.  lias  been  foun<l  tliat  (he  usual  iiK'tliml  of  moivsiiring  the  head  on 
weirs,  as  praetieed  by  water  companies  and  water  users,  is  to  usi*  an 
(trdinary  foot  nil©  dividinl  into  inches  and  wixteeiiths.  As  no  general 
weir  tJible  is  available  for  heads  so  tiM'tisiired,  llio  followinjf  has  l>een 
pn'pan-d. 
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The  following  conditions  should  l)e  obser\'ed  in  construction  of  ▼*:: 
depth  of  box  or  c^nal,  and  distance  r  d  of  opening  fruni  side  of  rau 


HflMl. 


Ij<Mi((th  of  wfir. 


1 

■ 

~ 

~ 

1 

c 

HI 

1    tl 

1 
1 

{= 

••r^ 

• 

i 

.     1 
t 

• 

a 

« 

to 

■ 

G 

• 

c 

* 

X 

■ 

5 

1     = 

c 
^ 

^ 

1 

1 
(».(llfi 

2 

.0100.(10110.(1017 
.015   AKtil    .O0HS> 
.Ifeil    .OIE«   .OOTjO 

0.002K 
.(NM^ 
.0075 

.(N)648 
.(n997 

\\ 

1 

n 



4 

o.oi:i5 



(1.0150 



0.001) 

o.(Ba» 

o.um 

o.(Ha»  o.()*i 

ii     1^  1 

5 

i-V. 

Am  Atm 

.0069 

.0104 

.0139 

.0174 

.0209 

.(679 

.0849 

.(1419 
.U551 

.04^ 

j 

.(»• 

•12 

6 

1 

.081  .awtt 

.0091 

.oi:J7 

.01K3 

.0229 

.0275 

.0967 

.0450 

.0643 

iCJS 

1.' 

1 

iV. 

.(B6   .0075 

1 

.0114 

.0172 

.OBg«» 

.0288 

.0(M6 

.0462 

.0B7H 

.(«04 

Aim 

.4«es 

« 

H 

t 

.042   .(IU92 

.0i:j9 

.0210 

.0881 

.a»s 

.0422 

.0664 

.0706 

.«847 

.Q»« 

.lis 

^ 

9 

A 

.047    .0110 

.0166 

.0850 

.OCf« 

.0419 

.0604 

.0673 

.0842 

.101 

.11^. 

IS 

« 

10 

1 

.052 

.0128 

.0194 

.02»3 

.0892 

.0491 

0690 

.0788 

.09m 

.118 

.i;«  j 

.!> 

'"• 

11 

\h 

.067 

.0147 

.022:3 

.0837 

.0451 

.0666 

.0680 

.0008 

.114 

.136 

.150 

.IKJ 

«:. 

1ft 

I 

.062 

.0167 

.0254 

.0884 

.0614 

.0644 

.0774 

.108 

.129 

.1»> 

.I.'*! ; 

.ac 

5 

13 

n 

.068 

.0187 

.0285 

.0432 

.0679 

.0725 

.0872 

.117 

.146 

.175 

.216 

.234 

:Si 

U 

i 

.073 

.(b909 

.0818 

.0482 

.0646 

.0810 

.0974 

.130 

.163 

.196 

.29  . 

.251 

<ii 

15 

is 

.078 

.0231 

.0852 

.0534 

.0716 

.0897 

.108 

.144 

.181 

.217 

.253 

.»> 

J 

1« 

1 

.083J  .0254 

.0887 

.0587 

.0788 

.0988 

.119 

.150 

.199 

.iS39 

.STO 

.m 

^4 

17 

lA 

.088   .0277 

.0423 

.0642 

.0B62 

.108 

.130 

.174 

.818 

.368 

.SB 

.34S> 

*» 

18 

n 

.094   .0801 

.0460 

.0699 

.08C« 

.118 

.142 

.189 

.237 

.2S5 

.333 

.»: 

i? 

19 

u 

.009   .0825 

.0490 

.0757 

.102 

.128 

.153 

.205 

,257 

.3U» 

.asi 

.413 

Ih: 

») 

u 

.10* 

.0849 

.0686 

.0816 

.110 

.138 

.166 

.222 

.278 

.334 

.380 

.445 

'» 

21 

Vb 

.109 

.0875 

.0676 

.0877 

.118 

.148 

.178 

.238 

.  298 

.3» 

.419 

.C^ 

•JL 

22 

1» 

.115 

.0401 

.0616 

.0939 

.126 

.150 

.191 

.256 

.320 

.3H5 

.440 

.514' 

« 

2:j 

1   v« 

.120 

.0427 

.0657 

.100 

.136 

.109 

.204 

.273 

.3«S 

.411 

.480 

.5tf 

k       « 

24 

'    u 

.126 

.0454 

.0699 

.107 

.144 

.180 

.217 

.291 

.364 

.438 

.511 

.Sr& 

X> 

2r. 

■      Vb 

.130 

.0481 

.0742 

.113 

.152 

.192 

.281 

.309 

.887 

.465 

.544 

.«S 

"l 

26 

'  1* 

.135 

.0608 

.0784 

.120 

.161 

.203 

•  m9% 

.327 

.410 

.408 

.576 

.6» 

• 

27 

IH 

.140 

.0636 

.0829 

.127 

.171 

.216 

.269* 

.346 

.434 

.Wt 

.610 

.6» 

•    - 

28 

•    U 

.146 

.0664 

.0873 

.134 

.180 

.226 

.273 

.365 

.VW 

.551 

644 

.:» 

^ 

29 

l}3 

.151 

.o^m 

.0919 

.141 

.190 

.238 

.287 

.885 

.483 

.581 

.678 

.TTB 

*  • 

:*) 

U 

Am 

.0622 

.Qnm 

.148 

.199 

.261 

.3U8 

.406 

.508 

.611 

.714 

.m 

(. 

81 

l}§ 

.161 

.0651 

.101 

.155 

.209 

.263 

.317 

.426 

.533 

.641 

.749 

.*: 

.<£ 

:i2 

2 

.167 

.0680 

.106 

.162 

.219 

.276 

.332 

.446 

.569 

,672 

.":« 

.{f» 

Xi 

2^'. 

.172   .0710 

.111 

.170 

.229 

.288 

.348 

.406 

.5^ 

.7(H 

.ifiS 

Ml 

1  • 

34 

JJi 

.177   .0740 

.115 

.in 

.239 

.301 

.364 

.488 

.612 

.  736 

.no 

.sw 

•         K 

H5 

2A 

.182   .0769 

.120 

.!«> 

.2S0 

.315 

.379 

.509 

.6JW 

.768 

.808 

i.ttr 

"•" 

:» 

2i 

.187|  .(r799 

.125 

.198 

.260 

.328 

..'fi6 

.531 

.606 

.8(11 

.986 

i.a;i 

•1 

87 

2A 

.  l«i 

.OKiO 

.i:«) 

.201 

.271 

.:i4i 

.412 

.55?) 

.604 

834 

.975 

1.116 

•■ 

38 

t«8 

.198   .0862 

.i:r> 

.208 

.282 

.:«5 

.428 

.575 

.7a 

.S6rt 

1.015 

i.i«i 

■  :  •*•' 

:)9 

2i'o 

.91»     (M» 

1 

.14(1 

.216 

.2«^ 

.  069 

.445 

.507 

.750 

.we 

1.U55 

i.ao: 

te 

44» 

2i 

.208:  .0924 

.145 

.2S4 

.:«» 

.:«s 

.4(tt 

.620 

.778 

.«J7 

1.006 

1?2» 

A    . 

41 

2i'. 

.213 

1 

.150 

.2:« 

.315 

.397 

.479 

.im 

.8(»< 

.972 

1.13S 

i.ai' 

•  « 

42 

2* 

.2191 

.  155 

.241 

.:j26 

.411 

.496 

.667 

.837 

1-007 

1.17» 

1.3fc^ 

• 

43 

214 

.224 

.161 

.249 

.837 

.425 

.514 

.690 

.867 

1.043 

1.3819 

LaM 

l"- 

44 

2* 

.220 



.166 

.267 

.849 

.440 

.681 

.714 

•  807 

1.0» 

1.9tt 

1.444 

IfiT 
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VHI^ES. 


le  depth  a  b  of  weir  (fig.  4,  see  p.  411)  iuuhI  not  be  over  oue- third 
list  not  be  less  than  depth  a  h. 

th  end  con  tract iojis;  original  computation. 
.2H>hV] 


Len^th  of  weir— Continued. 

• 

VI 

m 

• 
o 

* 

VI 

f-i 

• 

VI 
« 

• 

•4-1 

Vi 

30 

VI 

1 

Addition  for 

increase  of 

length. 


I 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

;« 
:« 

.% 

37 

:» 

39 
40 
41 
i2 
4:^ 
44 


JI91H 
.116 
•141 
.169 
.198 

.'M) 
.2W 

.:tt7 
.:«« 
.:m 

.476 
.516 

.mo 
.t>4:i , 

.(JK7 
.732 

.  I  lO 

.j*7:j 
.«« 

.971 

1.<B!2 
l.JCi 
1. 125 

1.17K  '' 

\.£ti 
1.2N6 
l.:U2 

i.aw 

I  4.Y> 
1.512 
l..'i70 
1.629 
I.6N9 
1.749 
1.810 


I 


0. 081M), 
.0K38| 
.110  ' 
.139 
.170 
.20fi 
.237 
.273 
.312 
.351 
.398 
.435 
.479 
.325 
.572 
.620 

AMI 

.720 

.772 

.825 

.879 

.905 

.991 

1.049 

1.107 

1.167 

1.228 

1.289 

1.352 

1.416 

1.480 

1.546 

1.612 

1.680 

1.748 

1.817 

1.887 

1.958 

2.029 

2.102 

2. 175  ] 


0.070r> 

.0978 

.129 

.162 

.198 

.236 

.277 

.319 

.364 

.410 

.458 

.509 

.569 

.613 

.667 

.724 

.781 

.841 

.901 

.963 

1.0d6 

1.091 

1.157 

1.224  i 

\.2»i  > 

1.382  I 

l.<^33 

1.505 

1.579 

i.a):^ 

l.72» 
1.805 
1.882 
1.961 
2.041 
2.122 
2.2«W 
2.286 
2.3i0 
2.455 
2.540 


O.(J800. 

.112 

.147 

.185 

.226 

.270 

.316 

.365 

.416 

.469 

.524 

.582 

.640 

.700 

.763 

.827 

.8»^ 

.961 

1.0:*) 

1.101 

1. 174 

1.248 

l.:i23 

1.40tl 

1.478 

1.558 

l.6:«) 
1.721 
i.8ir> 

l.Mtl) 
1.976 
2.(164 
2. 15:} 
2.24:^ 
2.334 
2.427 
2.520 
2.615 
2.711 
2.808 
2.906 


0.0900 

.128 

.166 

.209 

.285 

.304 

.356 

.410 

.468 

.527 

.589 

.&54 

.720 

.788 

.859 

.981 

1.005 

1.081 

1.160 

1.239 

1.321 

1.404 

1.489 

1  576 

1.664 

1.75:^ 

1.845 

\.W^ 

2Aa2 

2.127 

2.225 

2.l1£i 

2.423 

2.525 

2.627 

2.731 

2.837 

2.943 

3.U)1 

3.161 

3.271 


o.iool 
.140' 

.184 

.28:1 

.338 

.395. 

.456 

.520 

.586' 

.655 

.720 

.80o| 

.876 

.954 

l.Otfi 

1.117 

1.2Ct> 

1.289 

1.377 

1.468 

1.561 

1.655 

1.751 

1.849 

I.949I 

2.or*) 

2. 153 

2.358J 
2.1m 
2.47:^ 
2.082I 
2.0903: 
2.806 
2.1ttl 
3.(B« 

:i  \:>i 

:i272 
:3.392 

:1514 

3.636 


0. 120     0. 140 


.168 

.22l| 
.278 
.340' 
.405| 
.475 


.547 
.624 
.703' 
.786| 
.872 

.m 
i.m 

1.145 

1.242' 
i.:^i 

1.448* 
1.547| 
1.654 
1.762 
1.874 
1.967^ 
2. 102' 
2.220 
2.340' 
2.462 
2.586 
2.711; 
2.8;» 
2.969 

:iioi| 
:i2:h 

I 

:3.:j7o 

:1507' 
:i646 
3. 787 
3.  Jtt9 
4.074 
4.2I9| 
4.367| 


.196 

.258 

MHi 

.:i96< 

.473' 

.554 

.639' 

.728 

.821 

.917 

1.017 

1.120 

1.227 

l.:07 

1.449 

1.565 


1.684 
1.80!> 
1.9301 


2.501I 


2.731 


2.87:3 
;3.018 
:i  165 
:3.3U" 
3. 466| 

:3.619 

I 
•1  ^^— 
•5. « r.) 

4.093' 

4.25()' 
4.42l» 
4.586 
4.  i.w 
4.92.) 


2. 057 1 
2.186 
2.:319 
2.454'    2.805 


0.160 

.224 

.294' 

.371, 

.453' 

.541] 

.633| 

.730j 

.832 

.938' 

1.048| 

1.162! 

1.280 

1.402 

1.528 

1.657 

1.789 

1.925 

2.064 

2.206 

2.351 

2.499 

2.630 


I 


I 


5.098i 


2.962 
3.122 
:3.2H4 
3.450 
:3.618 

;i78H 

:3.962 
4.1:38 
4.:316 
4.497 
4.680 
4.865 
5.05:3 
5.244 
5. 4:«i 
5.6:31 


0.18(J 

.252 

.3:31 

.417 

.510 

.606 

.712 

.821 

.996 

1.055 

1.179 

l.:3(J8 

1.441 

1.578 

1.719 

1.864 

2.013 

2.166 

2.»J2 

2.482 

2.645 

2.812 

2.982 

3. 156 

3.3:33 

3.513 


:3.096 

H.Xi<2^ 

4.071 

4.26:3 

4.458' 

4.(»6 

4.856^ 

5.(X50' 

5.266 

0.4 10 

5.(386 

5.901 

6.118 

6.:3:37 

6.559 


0.0')029 

j  .00064 

0.200  .00083 
.280  .l»117 
.388.  .00153 
.463.  .0019:3 

.566;  .oam 

.676  .00282 
.791  .OOC330I 


.913 
1.04o! 


.00380 
00433 


I  ira  .(J0489 
1.310   .00546 


1.453 

1.601 

1.75:3 

1.910 

2.071 

2.237 

2.4(r7 

2..T80 

2.758 

2.940 

3. 125' 

:3.314' 

3..5«r7 

3. 704| 

:3.904 

4.107. 

4.;n4{ 

4.524 
4. 7,37! 
4.954 
5. 174 
5.:397 
5.623 
5. 85:3 
6.085 
6.320 

6.799 
7.(M.'J 


.00606 

.0(J667 

.0(1731 

.0075)6 

.00864 

.U)»3:3 

.010(6 

.0108 

.0115 

.0123 

.0130 

0138 
.0146 
.0155 
.  0163 

0171 
.0180 
.0189 

0198 
.0207 

jam 

.0225 
.0235 
.0244 

0254 
.0264 
.0274 
.0884 

025H 
r.29ol  .(IC304 


O.0(J(354 
.OOOT)!) 

.ouxn 

.0140 

.0184 

.(fcS32 

.028:3 

.(K338 

.(»96 

.0457 

.0521) 

.0587 

.0656 

.0727 

.0801 

.0877 

.0966 

.104 

.112 

.120 

.129 

.138 

.147 

.156 

.106 

176 

185 
.195 
.2116 
.216 
.227 
.2:37 
.248 
.259 

270 

282 
.29:3 
.:3U5 

.:3i7 

.:329 
.^341 

.:«3 

.JU5 
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fS" 


Hi>ad. 


Discharges  in  tn'cotul-fe^t ,  rretan^-^*-  • 


Length  of  weir. 


45 
Hi 
47 
4K 
4» 
50 
51 
5£ 
5i^ 
54 
55 
5K 
57 
5^^ 
5» 

61 

6:2 

(W 
64 
($5 
66 
67 
6H 
61^ 
70 
71 
72 

7:} 

74 

<•) 
4(> 

77 

7H  . 
1\) 

»<i : 

84 
85 
8(;  > 

87 
H*< 
8« 

«o! 

91  ; 

»i 
04 


I      « 


2U, 

2'  ' 

I 

3  I 
•'ta 

as' 

Hi 

a>  j 

314, 

3}ii; 
Hi  I 

HU' 

4  1 
4A 

4i  ' 

4^' 
4}  I 

*-; 

4»  I 

49  I 
ill 

4J  . 
ill 
4i  I 


4iS 


i> 


IS 


5i 


I 


51i' 

5Ii| 
5J 


0.2M 

0. 171 

O.-M'] 

.240 

.177 

.274 

.246 

.182 

.28:: 

.250 

.187 

.291 

.255 

.193 

.:«;■ 

.JWO 

.198 

.noj; 

.286 

.2(»4 

.318 

.271 

.269 

.:«7' 

276 

.205 

.3ai' 

.281' 

.220 

.345, 

.286' 

.226 

.36:^ 

.2»J 

.2:c 

.297 

.372 

.:«K 

.381 

.:«r: 

I 

.».; 

,:fl2 

.w 

.318 

...... 

.w 

.:«} 



.419! 

.rt38 

.428 

.a« 



.438' 

.x* 

.44«; 

.344 

1 

.«- 

.:W9 

.4«T 

.354 

.477' 

.;«!) 

.486; 

.365 

.rm 

.;}70 

.375 

.516 

.380 

1 

.:^85 

-  •  .  . 

1 

.390 

1 

'            ,            j 

.:««» 

.401 

1 
.40JJ 

.411.. ' 

.417 

.427 1 

.4;t>. 

■i:j: 

.443 

... 

.448 

A:ii 

...... 

.458* 

.m 1 ' 

.469 

.474 _.'...... 

.479 

""""'"' 

. 

.484' 

1 

4«» I 

0.380 
.372 
.oo4 
.395 
.407 
.420 

.as 

.444 

.456 
.469 
.481 
.494 
.507 
58o| 

.545' 

.558 

.572 

.585 

.598 

.612 

.625 

.638 

.652 

.686 

.680 

.683 

.707 

.721 

.7:i"> 

.74« 

.764 

.  m8, 

.793 

.}W| 

.821 

.836 

.860J 

.mi 

.879 
.8113 

Am 

.938 
.  Kiii 

.J«8| 

.im 

1.014' 

1.029! 


X 


i 


91 


0.455 

0.549 

0.738 

1 

0.927 

i.ue! 

I.  aft 

1-484     : 

.469 

.567 

'      .762 

;  -«H, 

1.153' 

1.348 

1-*13 

.484 

.585 

.787 

.  Ur^ 

1. 190 

i.3Be 

L»      I    ■'. 

.499 

.604 

.812 

1   i.nat 

1.228 

1  43S 

l.«44        : 

.515 

i      -^ 

1     .kt: 

L051 

1.9B6 

1.481 

Lafi    :. 

.530 

.641 

.862 

'    l.(K3[ 

I.3f» 

1-536 

1.747    :  «- 

.546 

'      .680 

1      .888 

1.116 

1.343 

1-571 

1-7*     :  :" 

561 

.679 

.913 

1.148 

1.3K? 

1-617 

i.-ct:    2  »•■ 

.  •)<  t 

.698 

.0)9 

'     I.I81' 

1.422 

l.aM 

Lft'6      I   '. 

.593 

.717 

1      .966 

1.214 

1.462 

i.ni 

l.«&     i2 

.609 

.737 

.992 

'    1.247 

1 

i.5(ie 

l.Tk* 

2-in3     zi- 

.625 

1      .756 

1.018 

1.281 

1-543 

l.HiTi 

S-ift^     -  .» 

.641 

1      .776 

1    1.045 

1.315 

1.581 

1-853 

2.15:     r- 

.658 

.796 

1 

1.072 

1    1.3*9 

1.G25 

1.916 

il>     .  • 

.674 

'      .816 

1.100 

1.383 

1-067 

1.9S(> 

*iS;     z 

.691 

.836 

1    1.127 

1.418 

1 

1.708 

2.4IJII 

iSl     :  •- 

.708 

.857 

1.165 

L4&3 

1.751 

2.<»«& 

2-:w:     r  - 

.734 

.877 

1.18:? 

1.488 

i.:w 

2.088 

i4jf»    i' 

.741 

.898 

1.211 

\.5£i 

i.8:?7 

I 

2-15t» 

24*;.     .- 

.7&S 

.919 

1.238 

1.5.-* 

l.f^l 

2. 200 

25?.      -  - 

.776 

.940 

1.267 

1     '•^'i 

1.92:3 

2.351 

2.5^     ■■:.  •' 

.793 

.961 

1.296 

1.632 

1.967 

2.aB 

2.€fc     -  ' 

.810 

.982 

1.325 

1.688; 

2.011' 

2.355 

2.»*      :. 

.828 

i.oin 

1.354 

1.706 

2,056 

2.407 

2.7** 

.845 
.863 

1.025 

1.383 

1.742 

2. 101 

2.45» 

i.iq> 

1.046 

1.413 

1.779 

2.1461 

2.512 

2-^?^        '- 

.881 

1.068 

1.442 

1.817 

2.191 

2.365 

±99* 

.iW9 

1.090 

1.472 

J    1-854 

2.237 

2,6W 

3. lit!      :   •- 

.917 

1.112 

l.SftJ 

1.8Qg 

2.2K3 

2.673 

:i.«e;     '."• 

.935 

1.134 

1.582 

1.830 

2.329 

2.727 

;3- 1* 

.953 

1.156 

1.562 

1.969 

2.375 

2-782 

X  l^> 

.971 

1.178 

1.503 

2.008 

2.422 

2.8:3: 

:i.£i. 

.989 

1.201 

1.6^4 

2.047 

2.4*59' 

2,i«e 

:ioU 

1.009 

1.224 

1.655 

2.088 

2.517 

2.94l> 

a»i 

1.0«8 

1.246 

1.686 

2.135 

2,3a5 

1 

3.0iH 

a+H 

1.045 

1.269 

i.n7 

2.164 

2.612 

3.noDJ 

aa»« 

1.064 

1.292 

1.74tt 

2.ai6 

2.«51 

3.11: 

aST-i     i  ■■ 

1.082 

1.315 

1.779 

2.244 

2.7t» 

3.174 

a«»    • 

1.101 

1.3:^ 

1.810 

2.284 

2. 757 

a  231^ 

:i?t;    ♦ 

1.121) 

1.361 

1.84:3 

2. 324 

2.81  IK 

:L288' 

3.7^'    *:• 

1.138 

1.38o 

1.874 

M.  <ifi>4 

2.8551 

i 

3.345' 

a.<t    *  - 

1.158 

1.407 

1.906 

2.405 

2.904 

:<«t4 

a»K      •  ♦ 

1.177 

1.4:31 

1.939 

2.447 

2.954; 

3.4f& 

:i?7-     •  ■ 

1.196 

1.455 

1.971 

2.48S 

3.  as 

3.a2l' 

4-«l>     »  ■ 

1.216 

1.479 

2,004 

2.5:10 

:3.055j 

assi' 

4.1*K     ♦^- 

1.235 

1.51K 

2.«fr 

2.571 

3.  Itft 

:L6f(i 

4. 1:4      *  * 

1.255 

1.53(5 

2.070 

2.613 

H.  15»;' 

3.711* 

4.2<3     *  ' 

1.274 

1.550 

2. 10f{ 

8.6.V» 

3.307 

:3.7«o 

4.31:      '• 

1.295 

1.675 

2.K17 

2.698 

1 

3.2rift' 

3.310 

3.J«1 

4.se 

1.314 

I.599I 

2.1TO 

2.740; 

3.881 

4.4S: 

'IX<'t>TT.] 


WEIR   TABLES. 


415 


'*f  with  end  cont  met  ions — Coiitintied. 


•  Addition  for 

Lenffth  of  woir  -  Continwd. 

in^Tcft-se  of 

length. 

1 

1 

.        1 

• 

. 

• 

-li 

• 

4.) 

« 

* 

* 

• 

. 

V 

■*» 

-4^ 

■*^ 

%■> 

«4 

Vi 

VI 

%4 

VI 

(3 

4.* 

' 

^        1 

%* 

«M 

%■> 

« 

■^ 

ts 

X 

•r^ 

C 

r         1 

"^        1 

»- 

* 

» 

S 

ri 

^H 

»H 

*-< 

5i 

l-H 

'- 

HTl 

2.249 

2.627 

3.005 

3.883 

3.761 

4.516 

5.272 

6.028 

6.783 

7.5:« 

0.0915 

0,:J78 

45 

.ffu' 

2.aS4 

2.715 

3.105 

3.496 

8.886 

4.667 

5.448 

6.229 

7.010 

7.7S12 

.0825 

.391 

46 

w: 

2.400 

2.«H 

3.207 

3.610 

4.013 

4.820 

5.687 

6.438 

7.240 

8.(M7 

.(KS6 

.4(« 

47 

.(»)' 

2.477' 

2.  WW 

3.300 

3.725 

4.142 

4.974 

5.807 

6.6:j9 

7.472 

8.304 

.(Kk7 

.416 

48 

.125 

2.554' 

2.9K} 

3.413 

3.842 

4.271 

5. 130 

5.98SI 

6.847 

7.706 

8.5;55 

.0358 

.429 

49 

.  U«) 

2.632 

3.075 

3.517 

3.960 

4.402 

5.287 

6.172 

7.068 

7.94;^ 

8.828 

.oaf») 

.443 

SO 

.255 

2.711 

8.167 

3.623 

4.  on) 

4.535 

5.446 

6.:fi8 

7.270 

8. 182 

9.09:J 

.0880 

.456 

51 

.rifl 

2.791 

3.2ri0 

3.729 

4.190 

4.668 

5.er)7 

6.54«J 

7.484 

8.428 

9.m 

.0391 

.469 

52 

.:ftv 

2.ftn' 

3.354 

3.837 

4.820 

4.80;^ 

5. 7(S9 

6.735 

7. 701 

8.6(56 

9.6:e 

.0402 

.4K3 

53 

.  4.V> 

2.952 

3.44S 

3.94(i 

4.442 

4.9:)9 

5.«fi 

6.926 

7.919 

8.913 

9.90(5 

.0414 

.4t»7 

54 

.524 

a(»4 

8.545 

4.055 

4.560 

5.076 

6.097 

7.  ll.s 

8.140 

9. 161 

10.182 

.0425 

.511 

55 

'.5Jtt 

3.117 

3.641 

4.1fi6 

4jm 

5.215 

6.264 

7.313 

8.362 

9.411 

10. 4(50 

.0437 

..525 

56 

!.  m\ 

3.200' 

3.r.fi 

4.277 

4.816 

5.355 

6.4:« 

7. 509 

8.586 

9.  (MM 

10.741 

.0449 

.5:« 

57 

j.7.n 

3.2R4 

3.837 

4.390 

4.94.3 

5.495 

6.601 

7.707 

8.818 

9.918 

11.024 

.0461 

,5.5:^ 

58 

^^*)l 

3.8O9' 

3.9C« 

4.5(W 

5.070 

5.(538 

6.772 

7.«)7 

9.(41 

10.170 

11.310 

.mr.i 

.5(57 

59 

^.872 

3.454 

4.(r« 

4.617 

5.199' 

5. 781 

6.944 

8.108 

9.271 

10. 4:1-, 

11.5«-5 

.0485 

.5;s2 

60 

!.9M 

3.540' 

4.1.'« 

4.7:S3 

5.rC9 

5.925 

7.118 

8.311 

9.503 

10.  (596 

li.sst; 

.(H97 

.5«5 

61 

t.oir. 

3.e87| 

4.23H 

4.849 

5.460 

6.071 

7.2iW 

8.515 

9. 7J7 

10.JX5.') 

12. 1S2 

.050^) 

.611 

62 

i.(K^' 

3.T14 

4.r>40 

4.966 

5.502 

6.218 

7.470 

8.722 

9.973 

11.225 

12. 477 

.(r»22 

.(52(5 

63 

i.  1621 

3.802 

4.443 

5.084 

5. 72'. 

6.866 

7.648 

8.929 

10.211 

ii.4;« 

12. 774 

.(ilJM 

.(Ml 

64 

J.2:W 

3.801, 

4.547 

5.203 

5.859 

6.515 

7.827 

9. 1J» 

10.451 

1 1. 7(5:; 

i:i()74 

.(W7 

.6-rf5 

65 

J.tno 

3.081 

4.612 

5.32:j 

5.994 

6.665 

8.007 

9.350 

10.(R)2 

V2Atii 

V].:r:c 

.0559 

.(571 

66 

J.:W 

4.071 

4.757 

5.443 

6.131) 

6.816 

8.  IW) 

9.5(52 

10.93-. 

12.:*)8 

1:3.  (581 

.(L572 

.686 

67 

i.  4<a)' 

4. 161' 

4.863 

5.565 

6.267 

6.90) 

8.373 

9. 776 

11. 180 

12.584 

13.J)S8 

.0585 

,702 

68 

{.535' 

4.25:^ 

4.970 

5.688 

6.405 

7.122 

8.557 

9.992 

11.427 

12.8I52 

14.29.; 

.mts 

,717 

09 

n.^ns' 

4.345' 

5.078 

5.811 

6.544 

7.277 

8.74:J 

10.2(R) 

11.(570 

1:5.142 

UJU' 

.0611 

.7« 

TO 

11 6«) 

4.4.3S 

5.186 

5.985 

6.684 

7.4.?? 

8.9:^0 

1).428 

ll.iW5 

i:j.42) 

14.121 

.0624 

,740 

71 

:i  7r,(; 

4.531 

5.296 

6.060 

6.825 

7.5») 

9.119 

10.648 

lJ.17r 

1:}.  7(^7 

ri.2:r7 

.0687 

.765 

72 

:i.Kt4 

4.625 

5.405 

6.1W} 

6.W7 

7.748 

9.300 

10. 870 

i,\4:k 

1:1. 9J): 

15..->5( 

.0650 

.781 

73 

:i.ft>> 

4.719 

5.516 

6.313 

7.110 

7.906 

9.500 

ujm 

l..'.(587 

14.2SI 

15.87: 

.0664 

.797 

74 

4.«)i)l' 

4.HI4' 

5.627 

6.440 

7.253 

8.066 

O.ffiK 

11.818 

12.944 

14.571! 

1(5. 19:; 

.0677 

.813 

75 

4.(M 

4.910 

6.7:» 

6.569 

7.:R)S 

8.227 

9.  ss;} 

11.545 

13.20:j 

H.i^v: 

1(5.520 

.0691 

.S29 

76 

4.  llil 

5.007 

.5.852 

6.698 

7.544 

s.:r.)o 

10.081 

11.772 

13. 4(54 

15. 15-. 

16. 847 

.(r705 

.846 

77 

4.242 

5.  UH 

5.967 
6.080 

6.S2!» 

7.691 

8.55:{ 

10. 278 

12. 0  rj 

13. 727 

15. 451 

17.176 

.0719 

.8*52 

78 

4.:t2:: 

5.201 

6.t)59 

7.k:5s 

8.717 

10.475 

i2.2:r; 

13.99f) 

15. 74s 

M.rm 

.07K 

.879 

79 

1.4m 

5.299 

6.195 

7.fW) 

7.986 

8.882 

10.C73 

12.4(>4 

14.2-.'; 

1(5.  (M7 

17.8:js 

.0747 

.89t5 

80 

4.41^ 

5.39H 

6.311 

7.223 

8.i;« 

9.  (MS 

10.873 

12. 69 

14.52! 

1(5.348 

is.  17:; 

.  07(50 

.912 

81 

4.5«?^ 

5. 4S<7 

6.427 

7. ;»; 

S.  285 

9.215 

11.074 

12Am 

14.791 

1(5.6.0 

ls.5'r.) 

.0775 

.  92i» 

82 

l.ft'itl 

5.606 

6..S4:* 

7. 489 

8. 4;«? 

9..**<2 

11.275 

13. 16^ 

15.0r51 

l(5.9->4 

18.84'; 

.07S9 

.946 

m 

i.7:$i 

5.697 

6.661 

7.624 

8.588 

9..'»51 

11.479 

13.401) 

15.:c« 

17.2150 

19.  is; 

.mi] 

.9(55 

84 

4.H1H 

5. 797 

6,778 

7. 759 

8.740 

9.721 

11.6*<2 

i:i.m4 

15.(>.'),J 

17.5(57 

19.52.: 

.0817 

.981 

85 

4.»U 

5.899 

6.WI7 

7. 895 

8.8m 

9.892 

11.S.S8 

13. 885 

15.KS1 

17.877 

19. 87  J 

.OKfc> 

,99s 

m 

4.UMJ' 

1 

B.OftJ 

7.017 

8.(K« 

9.04. 

lo.(r>4 

12.0'.r, 

14.127 

1(5.  l.-^» 

18. 19(> 

20.221 

.08415 

1.016 

87 

.VdTl; 

6.105 

7.138 

8.171 

9.204 

io.2:is 

12. 3M 

14.:i71 

16. 4:^ 

18.5(U 

20.571 

.08151 

l.(C» 

88 

."..157'. 

6.aUK 

7.259 

8.310 

9.3H1 

10.412 

12.514 

14.616 

1(5. 7  is 

18.  H'Ji) 

2!».922 

.0876 

l.Ck'.l 

80 

5.24.'J 

6.312 

7.380 

8.449 

9.518 

10.58J; 

12.724 

14.8151 

16.91K) 

19.  i:«5 

21.273 

.(W9I 

1.0(59 

90 

V:«» 

6.410 

7.5IB 

8.5S9 

9.676 

10.7(K 

12.«{0 

15. 109 

17.282 

19. 455 

21.  (S:^ 

.09(M5 

1.087 

91 

.V4ir, 

6.521 

7.6ac> 

S.?.fi) 

MKi'i 

10.«ft) 

13.149 

15.  :i'.8 

17.5t5: 

19. 77(5 

21.JI8.-. 

.(R)21 

l.KC. 

92 

•V.'ilM' 

6.627 

7.750 

8.872 

9.9ik'» 

11.117 

18.:«t 

l.'..(50S 

17.85:1 

20.098 

22.:w:h 

.(«i"» 

1.12:5 

W 

5.  .'AC 

c.r.sj 

7.87.^ 

9.014 

10.  I.'m 

11.2.1-. 

13.577 

15.8>s 

18. 140 

20. 421 

22.702 

,0951 

1.141 

94 
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Hi- 

_ 

■ 

I 

c 

Hi 

«1 

«^ 

«l 

6r« 

«u 

«f 

m 

«13 

#>* 

7,'« 

71 

7.T, 

7i 

m"« 

7| 

7* 

7r« 

7i 

7ii 

7} 

V{g 

It 

7{S 
8 

Hi 

Hi 

HJ 

Hi'r, 

H4 

H» 
H}4 

Hi 
HM 

«i 
g 

Discharge*  in  necond-fed,  rtH'..  r 

1 

ft<t. 

1 

1 

Length  of  wi 

sir. 

_d 

«s 

ot 

2.78:* 
2.8S6 
2.809 
2.912 
2.965 
2.999 
a043 
a  087 
3.131 

a  175 

8.230 
a  264 

a  aw 
a  354 

3.400 
a445 

a  491 

a  536 

a  582 

s.e& 

a  675 
a  722 
aTBK 

3.815 

a  861 
a  90S 

a966 
4.0(J» 
4.050 
4.098 
4.146 
4.198 
4.242 
4.290 
4.339 
4.387 
4. 436 
4.484 
4.531 
4.583 

4.6:i2 

4.6ft» 
4.7% 
4.781 
4. 8:^1 
4.8S1 

4  9a& 

4.981 
5.0C«i 
5.08S 

1 

1  -■ 

• 

a 

•0 

«-4 

m 

a 

GO 

i 

2.21B 
2.237 
2.271 
2.304 
2. 339 
2.372 
2.407 
2.442 
2.476 
2.511 
2.547 
2.581 
2.616 
2.652 
2.687 
2.723 
2.759 
2.7B6 
2.830 
2.867 
2.904 
2.940 
2.976 
a  012 
3.049 
3.085 
3.123 
3.160 
3.196 
3.234 
3.271 
3.308 
a346 
3.384 
3.422 
3.459 
a  498 
3.535 
3.674 
3.613 
3.650 
3.689 
3.728 
3.766 
3.805 
a  844 
3.884 
3.922 
3.961 
4.001 

1 

Vt 

0  4Hr) 1 

1.044 
1.060 

1.334 

i.au 

1.374 

i.aM 

1.414 
l.4d4 
1.455 

1.624 
1.649 
1.673 
1.897 
1.722 
1.747 
1.77X 

a  382^ 

3tt?    4.3£ 

9f{ 

.«10 1 

a  415    4.OB8    4K    ■ 
a 467    4.065    4.«      > 
aSlft    4.1»   ITS     • 
a  572    4.1*   ♦.^i>    '-^ 

a«S4  4.ac  4.<»  '< 

aCTH    4.313    ♦S*'    ' 

a7«  4.3r  i«  '" 

a  785    4.4*    ■i*    ■"'■ 

at{»  4.ai?.  i»    • 

3  893    4,aK    Ai*' 

97 

.afi' ! 

.510'      ...i 

9» 

1 

.  515 

10l» 
KM 

.m^ ' 

.5a>:     



i 

M^ 

.53l'       .." ' 

1.475,     1  7U8 
1.41)5     I.MS 
1.516|    1.848 
1.5:?7|     1.873 
1.557     1.898 
1.577     1.924 
1  5»-j     KM9 
1.619    i.g^ 

1(14 

.5:« ' '■ 

.542'    I ! 

KKS 

547!       

1<«t 

.55:: ' 1 

a9«7    4.«     -.S!      " 

KIT 

.{>),! 1 

4.002    4-6Bf.    5  3C      ■ 
4.  OUT    4.:»,  5  #5 
4.112    4.^e4    0.538 
4.167    4.««    i«'l      ' 
4.283    4.9Ki    \«»     ' 
4.278    5.«H    x-X      '• 
4.334    5-CM    isT       • 
4.391    5.1s    .VW4 
4.447    5.fl&    .V»!      ■• 
4..^    5.W    A'lC    •- 
'    4.560    5.3K    S.H4      ' 
4.617    5.4W   «.£5    ■ 
4.674    5.4«    t» 
4.731    5.354    Cl?    ■  ' 
4.7»    5.S2    f'«5    '" 

4.M6   &.m  fi.^^ 

4.904    5.r*    KK.I 
4.963    5.^67'   iH« 
5.081    h.m  i-'     * 
.5.079    5.9M    tMJ- 
5.138    fi.084    t^ 
5.196    llflS   T"^ 
5.256    6.1-?    :«'      ' 

ins 

.5;s; ' 

m* 

.5tif ' 

110 

57:1                         ' 

1  640 

2  001 
2.087 
2.053 
2.079 
2.106 
2.13S 
2.158 
2.184 
2.210 
2.236 
2.263^ 
2.290 
2.316 

111 

.57>'       J... 

1.661 
1.682 
1.703 
1.725 

11:; 
118 

114 

.5*:. ' 

.w ' ' 

1           .           1           1 
.594, 

115 
1H( 

.5flHi : ' 

.wm' i ..t 

1.746 
1.767 
1.78h 
1.80E 

117 

.fl09 1   1 

lis 

.615 '   ! 

iin 

.620' 

•^; ■ 

JZH) 

i.m) 

1.851 

\^^ 

.!>«> 1 1 

i«^ 

.Ml ' ' 

■««! ; 1 

.(i51i 

,my 1 ' [ 

.661 '   ' 1. 

1                       1 

.6(f7 

.672 ' 1 1 1 

2.343 

2.370 

2.897, 

2.423 

2.451 

2.477 

2.5ftV 

2.532 

2.559 

2.586 

2.614 

2.642 

2.660 

2.697 

2.7igi 

2.752 

2.78(»| 

2.806! 

2.836 

2.863 

2.891 

8.919 

i:i() 

'                                     1 
.677       .1                        ' 

5.815    6.21?    '1'"    ' 

i:n 

l.ti 

i;{j 

.682 ' 

.6HH ' 1 ' 

6113'            1            '            '       .        ' 

5..374'    6.31.1    75:    • 
5.433    6..V3   ■«   '■ 
5.494!    ft,454    7411    * 

i:u 
i:{5 
i:«i 
i:i7 
i:*< 
i:» 

140 

' 1 1 1               1 

•«•*: ' 1 

•TIH ' 1-.- 

••'«' : , ■ 

TU,. ' ' 

.Tl« 1 

.724' ' ' 

1                     1                     ' 

.72«.» 

5.554    6.i»    :«*     • 
5.614    6.3W   '>' 
6.674,    6.687    7.*'    ' 
6.735'   6.7»   7:<i 
6.795    6.a»    7'« 
6.8a^   6.882   :.9>     ■ 
6.918.    6.KS    7.*     ■' 

141 

•  •■"  , 1 1 

.734 

5.979'    7.02;    ^'*^ 

142 
14» 
144 

<40 

1 

.745. 

.750! 









6.  (HO 
6.1(6 
6.164 

7.1W    ^l* 
7.172    <iC 
7.245    v^ 
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irs  irith  end  contractions — Continued. 


Liongth  of  weir — CVmtiniied. 


Addition  for 

increase  of 

len^h. 


I 


:».  7flP, 

5.Wm' 
«.088' 
0.138 
ft.  219! 
«.31l' 

6.4iM 
6.5»7 
6.6T9 
6.773 
».8QS 
6.961 
7.066 
7.150 
7.245 
7.341 
7.438 
7.534 
7.631 
7.7iJS 
7.ftJfi 
7.9B3 
8.022 
f<.12l' 
8. 2a  I 
8.31ft 
8.  41»] 
x.Slft 
8.61ft 
8.721 
8.821 
8.a54 

{».(e5 
9.12s 

9.2:«i| 

9.r>4i| 

9.64o 
9.749; 
9.8:)3 
9.HS9 

10.065 
10.171 
10.276, 
10.383, 
10.490' 


6.8391 
6.947 


7.054 
7. 162 

7.271 
f .  oBG 
7.490 

7.eoo' 


7.71D, 

7.H28 

7.(64 

8.045 

8.158 

8.271 

8.385 

8.500 

8.614 

8. 729 

8.845 

8.962 

9.078 

9.195 

9.313 

9.430 

9.548 

9.867 

9.787 

9.907 

10.027 

10.148 

10.269 

10.390 

10.512 

10.634 

10.758 

10.881 

11.005 

11.128 

11.254 

11.379 

11.604 

11.6301 

11.757 

11.883 

12,010 

12.138 

12.287 

12.394 

12.523 

12.663 


8.194 

8.2S0' 

8.376 

8.504' 

8.63l| 

8.760 

8.889J 

9.018 

9.149 

9.280 

9.411 

9.  o43, 

9.676 

9.809 

9.944' 

10.078] 

10.213 

10.348 

10.485 

IO.622I 

10.750 

10.897| 

II.O84' 

II.I73I 

11.31^1 

U.46:i, 

11.68:3 

11.734 

11.876 

12.018 

12.  iei> 

12.308 

12.447 

12.581 

12.736 

12.881 

13.026 

13.173! 

13.321 

13.467 

13.615 

13.764 

13.912 

14.061 

14.211 

14.3B2 

14.512 

14.663 

14.815* 


00 

9.157 
9.301 
9.446 
9.691 
9.737 
9.88:3 
10.081 
10.179 
10.327 
10.477 
10.627 
10.777 
10.929 
11.081 
11.234 
11.388 
11.542 
11.696 
11.862 
12.(X)9 
12.166 
12.:^83 
12.481 
12.639 
12.798 
12.968 
13.119 
13.280 
13.442 
13.604 
13.767 
1:1 930^ 
14.006 
14.250 
14.426 
14.691 
14.758 
14.924 
15.0e3| 
15.262 
15.431 
15.600 
16.771 
16.941 
16.112 
16.285 
16.678 
16.630 
16.804 
16.978 


o» 


I  ^• 


10.316 
10.478 
10.641 
10.805 
10.970 
11.135 
11.301 
11.468 
11.635 
11.804 
11.974! 
12.143 
12.314 
12.485 
12.658 
12.832 
13.005 
1:3.180 
13.355 
13.532 
13.709 
13.886 
14.065 
14.243 
14.422 
14.6(6 
14,785 
14.967 
15.140 
15.832 
1.5.516 
16.7(1) 
16.886 
16.072 
16.250 
16.446 
16.6:^ 
16.823 
17.013 
17.2(M 
17.394 
17.586 
17.778 
17.970 
18.164 
18.;ijS 
18.554 
18.748 
18.9(4 
10.141 


■M 

13.793 
14.010 
11.837  14.229 
12.020!  14.448 
12.203|  14.669 
14.890 
15.113 


11. 475' 
11.666! 


•      I 


12.386 

12.572 

12.758 

12.944 

13. 1.^ 

13.320| 

13.fi09| 

13.700 

13.8Jio| 

14.0H3| 

14.276| 

14.469, 

14.663J 

14.850 

16.056| 

15.252 

15.450 

15.649 

15.848' 

16.047 

16.249 

16.451 

16.653| 

16.857 

17.06l| 

17.36(J 

17.471' 

17.678 

17.884' 

18.0«j| 

18.312| 


18.721 
18.9C« 
19. 145 
19.358 
19.571 
19. 785 
19. 999 
20.215 

20.4:a 

20.649 
20. 86rs 
21.  (K> 
21.304 


15.336' 

15.660' 

15. 787 

16.014 

16.241 

16. 470 

16. 700 

16.931 

17.164 

17.:«7 

17.631 

17.866 

18.103 

18.:340 

18.578 

18.817 

19.056 

19.297 

19.5:39 

19.78:3 

20.027' 

20.272 

20.517 

20.764 

21.011 

21.260 

21.510 

21.761 

22.012' 

I 

I 


18.511  22.266 
22.517 
22.77:3 
23.(tJft 
23.284 
23.541 
23.799 
24.ft->7 
24.317 
24.578 
24.841 
25. 102 
25.3fy» 
25.6:30 


16.111 

16.365 

I6.620' 

16.877 

17.136| 

17.303 

17.664 

17.915' 

18.177 

18.442 

18. 707! 

18.973 

19. 241 ' 

19.509 

19. 780 

20.052' 

2(\324 

20.698, 

20.873 

21.150 

21.427 

21.705' 

21.9K5 

22.265' 

22.546 

22.8:30| 

23.115 

23. 4(K)| 

2:3.687 

2:3.974 

24.26:3 

24.552 

24.843 

25.135 

25.429' 

26.723 

26.018 

26.314' 

26.613 

2J>.912 

27.211 

27.512 

27.813 

28.115 

28.420 

2X.  ?i5 

29.o:e 

29.3:38 

29.64<i 
20.956 


18.429 

18. 720' 

19.012' 

19. 3fW 

19.fiOV 

19.897i 

20.195 

20.494 

20.794' 

21.097' 

21.401 

21.705 

22.012 

22.319 

22.629 

^£^.941 

2:3.252 

23.565 

2:3.880 

24  197' 

24.514 

24.83:3 

^.154 

25.474 

25.796 

26.121' 

26.447 

26.774 

27. 102' 

27.4:31 

27.7(12, 

28.ob:j 

28.42(5 
28.7(W 
29.097! 
29.4:34^ 
29.772 

3f).iio: 

30.4:V3' 
:3r>.  7^15 
31.138 
31.482 

3i.8a< 

32.174, 
;32.522 
a.  872 
33.224 
33.574| 
:33.927' 
34.282 


20.747 

21.074 

21.404 

21.735 

22.067 

^.400 

22.736 

23.073 

23.411 

23.7.52, 

24.094! 

24.437 

24.78:r 
25.129' 

25.478! 
25.82o' 
28.180 

a8.5:c 

26.887 

27.244 

27. 601 ' 

27.961 

28.:322 

28.(»C3 

29.  (H6 

29.412 

29.779 

?k).  147 

:30.517 

:30.887 

:31.2(M) 
3i.6:w 
:«.oiw 
:tt.»<5' 
:e.7(J4' 

:53. 144 

:34.3e 

:34.(J78 

:35.o(r> 

:J5. 452 
:i5.842 
38.2:12 

:3n.  (J24 

:37.019 
:37.415 
:37. 810 
:i8.2()8i 

38.607' 


8 


23.065' 
23.429* 
23.795] 


24.164 
24.533] 
24.903, 
25.277! 
25.a52' 
26.028 
26.407. 
28.T87| 
27.169 
27.554 
27.938 
28.327 

28.  n7] 

29.107, 
29.499 

29.894] 

;J0.291 

:30.(588J 

31.088j 

31.490 

:31.892| 

:32.2ft5 

:32.703, 

:3:3.lll 

33.520 
33.9C«> 
:34.344 
:34. 759! 
35.174 
35.«ie' 
:36.010| 

36.432' 

3(>.^5' 
;37.278 

:37. 70:3 

:38. 1.32 

;j8.  .561 

:J8.1»92 

;39. 42:3 

:J9.8j6 
40.290 
40.727 
41.166 
41.606 
42.046 
42.489 
42.933 


0.0966' 
.0981 
.0997 
.101 
.103 
.  104 
.106 
.107  I 
.109 
.111 
.112 
.114 
.115 
.117 
.119 
.120 
.122 
.124 
.125 
.127 
.129 
.1:30 

.i:tt 

.1:14 
.i:J5 
.137 
.139 
.141 
.142 
.144 
.146 
.118 
.149 
.  151 
.153 
.156 
.156 
.158 
.WO 
.162 
.164 
.165 
.1(57 
.169 
.171 
.173 
.175 
.1.. 
.178 
.180 


.159  95 

.177  96 

.196  97 

.214  98 

.2:3:3  99 

.252  100 

.271  101 

.289  108 

.308  108 

.:»<  104 

.'Ml  105 

.:366  106 

.:385  107 

.405  106 

.424  109 

.444  110 

.464  111 

.484  112 

.504  113 

.524  114 

.544  115 

.664  116 

.584  117 

.e(M  118 

.625  119 

.(545  120 

.666,  121 

.687  122 

.708  123 

.728  124 

.74»l  125 

.77(^  126 

.7911  127 

.813  128 

.KU  129 

.855  130 

.877  1:31 

.898  i:e 
.9ca),  1:33 

912'  1:34 

96:3  136 

9K5  i:38 

2.007  1:37 

2.029  i:38 

2.051  139 

2.073  140 

2.096  141 

77    2.118  142 


"a    I 


2.140  143 
2. 163  144 


nuB  81-^3- 


-27 
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'>'•- 


145 
146 
147 
148 
149 
150 
L51 
162 
153 
154 
155 
156 
157 
158 
159 
160 


Head. 


Diitcharge:*  in  sectnui-feet ,  rrriai^j 


Length  of  vroir. 


OB 
V 


% 
»A 

9i 

»A 

9*1 

»♦; 

»i* 

9^1 

Oi3| 

»i| 

10 


0.755 
.760 
.765 
.771 
.776 
.781 
.786 
.788 


.8oe 

.807 
,812' 
,818 
.82)' 
.828| 
.833 


4  in. 

d 

9  in. 

1 

15  in. 

• 

« 

•-* 

1 

1            1 

1 

1 

...J   _....' 

_____! 

1          1 

r 

1 

1  ~  "  ■  ■■  "  * 

t 

7 1 1 ; 4.3801 


i 

1 

94 

4.1 

* 

« 
^ 

4.040 

5.133 

6.2» 

7.319 

*.4ll 

'.« 

4.080 

5.184 

6.2R8 

7.ae 

s.» 

•iM 

4.180 

5.835 

6.351 

7.186 

.\5^1 

"C 

4.160 

5.2W 

6.413 

7..5«» 

nC 

'1  "- 

4.199 

5.338 

6.476 

7.614 

i>.3 

w  *•' 

4.239 

5.3H9 

6.539 

7.W 

.-.-» 

^*' 

4.280 

5.441 

6.6(e| 

7.763 

8.SS 

.!« 

4.3S0 

5.402 

6.665; 

T.Xit 

9,nu 

i«  ;v 

4.360* 

5.544 

6.729 

7.913 

%M 

i«^ 

4.400 

5.596 

6.792 

T.9f* 

9  1*4 

);.  . 

4.440 

5.648 

6.856 

8.064 

9.51 

'     *. 

4.482 

5.ini 

n.93l! 

8.14l» 

9.5* 

4.582 

5.754 

6.985 

1^.216 

S.MT 

»""» 

4.563' 

5.806 

7.049 

8.29e 

9.5a 

^ 

4.604 

5.858 

7.113 

j<.39< 

9.8S 

1.      .* 

4.6a 

1 

5.911: 

7.177 

8.444 

!>.n; 

V    " 

I»I^»OC>TT.] 


WEIR   TABLES, 


419 


ir.K  ii'*ith  eml  contractions — C^ontinued. 


Ix^nKth  «»f  weir— Continued. 


Addition  for 

increase  of 

lengrth. 


O.  7(M 

1 1 .  i:*<j 

ii.4«rs| 

1 1  -  57i> 
11.1587, 
1 1 . 79K 
ll.9(», 

12.  132| 
12. 3441 


li,78S 
12.918 
in.  043 
13. 174 
13.306 
13.4,% 
13. 570 
13.  708' 
13. 835| 
13.  W 

14.  ice' 

14.237| 
14.372 
14.506 
14.642 
14.777 


14.967 

15. 121 

15.274 

15.428 

15.582 

15,737. 

15.882 

16.048, 

16.204 

16.961 

16.517' 

16.676* 

16.834* 

16.982 

17.151] 

17.310 


17. 15.3 

i;.320| 

17.5(f> 

17.681 

17.aT0i 

18,087 

18.215 

18.3Q3| 

18.573 

18. 753 

18.933 

19. 145 

19.296^ 

19.478 

19.661 

19.84:j' 


19.3:18 

19.537 

19.735 

19.985i 

20.135 

20.386; 

20.537 

20.739 

20.941 

21. 145 

21.348 

21.553 

21.758 

21.963 

22.170 

22.377 


21.5:M 
21.745 
21.968 

S&188| 
23.412! 


22.696 

22.860- 

23.084 

23.310 

23.537 

23.764 

23.992 

24.221 

24.449 

24.680 

24.910 


2).  894 
26.161 
26.428 
88.006 
26.965 
27.2351 
27.505 
27.776 
28.048 
28.321 
28.504 
28.870' 
29.145 
29.421 
29.609 
29.976 


30.265 
30. 5771 
30.880' 
31.203| 
31.518: 


:U.696 
•>4. 994 
35. 351' 
35.7ia 
38.071 


31.834,  36.4331 


32. 150 
32.467 
32.785 
33.105 
33.425 
33.747 
34.070 
34.392 
34.718 
35.043 


36.795 
37.158i 
37.523| 

37.890 
38.25® 
38.625 
38.995 
39.364 
30.737 
40.100 


30.007 

30.4U> 

30.813 

40.217 

40.624 

41.(32. 

41.440 

41.849 

42.261 

42.674 

43.087 

4:3.503 

43.910 

44.336 

44. 756 

45. 1'lo 


43.378 
43.826 
44.274 

44.724! 
45.177; 
45.63l| 
46.065' 
46.&40| 
46.908 
47.458 
47.918, 
48.380 
48.844! 
49.307 
49.775 
50.242! 


0.182 
.184 
.186 
.188 
.190 
.102 
.194 
.196 
.197 
.199 
.201 
.203 
.205 
.207 
.200 
.211 


2.ia-> 

2.208 
2.231! 
2.254' 
2.277' 
2.30ol 
2.323 
2.346 
2.309 
2.302 
2.415 
2.439 
2.462 
2.486 
2.510 
2.533 


145 
146 
147 
148 
149 
150 
151 
152 
158 
154 
155 
156 
157 
158 
150 
160 
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The  following?  records  of  preoipitntioii  are  arranged  alphabeticWil; 
by  counties: 

Record  of  precipitation  at  Tamarack^  A.ipine  Count g. 
[Latitude,  38°  37';  longitude,  119o  58';  eleratlon,  8,0B0  feet.    Aatbority,  P.  C.  Hnntiiiftia ' 


Year. 

Sept. 

Ort. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar.    Apr. 

May. 

Jnne.Jalr.  Ane  T'O. 

180B-1809 

12.80     2.50      1-7S 

1 

0.00    O.QO    (l«1i  >1'  ( 

18TO-1900 

1900-1901 

1901-1902 

0.00 
0.00 
1.60 

6.10 
3.30 
2.60 

4.25 
8.50 
3.22 

8.10 
2.06 
2.38 

3.00 

ia65 

3.37 

2.86 
15.90 

laoo 

6.65  '  4.00 

4.30  1  6.40 

11.36  ,  4.A0 

0.65 

.96 

1.08 

0.00  0.0ft  an-  af5 
a39  T.  aiT  >' 
O.O0   aoo  au»   *j* 

8-year  mean. 

1 

a^r 

1 

1 

a  Year  incomplete. 

Record  of  precipitation  at  Jackson^  Amador  Coiin/y. 
[Latitude,  SS^  21':  lonf^tade,  ISO"  45';  elevation,  1,975  feet.    Authority .  Ricbard  V-r> 


Year. 


AnirT-/ 


1877-78.. 

1878-T9 

1879-80 

1880-81 

1881-^ 

1882-83 

1883-84 

1884-86 

1885-88 

1881-92 

1802-63 

1893-94 

1894-05 

1895-96 

1896-97 

1897-98 

1888-99 

1898-190(1 

1900-1901 

1901-2 

18-year  mean 


d  Year  incomplete. 


PIKOOTT.] 
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Record  of  precipitation  at  Cherokee ^  Butte  County, 
[T^titado,  :w  rW;  longitude,  121*  W;  elevation,  1,200  feet.    Authority,  L,  Glum.] 


Year. 


I-  7«.  . 

4^7:}.- 

i^74.. 
1-75. . 
>-7«.. 
5-77.  _ 
7-78. . 
»-7»_. 

a-80.. 

0-81. _ 

i^«e.- 

2-«.- 


Sept. 


0 

0 

0 

0 

0 

.25 

0 
1.52 
2.60 

0 

.90 
1.31 

0 


y*.*uT  mean 


I 


Oct. 

Nov. 

Dec. 

2.95 

5.41 

10.09 

0 

3.89 

8.46 

.94 

5.02 

16.48 

4.65 

14.28 

.43 

.24 

10.41 

6.96 

10.19 

1.72 

4.32 

3.60 

2.00 

2.39 

.69 

4.20 

12.64 

8.88 

0 

.42 

16.84 

2.92 

.39 

6.79 

3.23 

4.66 

3.72 

5.21 

1.06 

1.17 

a  Tear  incomplete. 

Record  of  precipitation  at  Cherokee  Reservoir^  Butte  County. 
[Latitude,  39»  88';  longitude,  m*  83^;  elevation,  1,200  feet.    Authority,  L.  Glam.] 


Y««r. 

Sept. 

Oct. 

Nov. 

18.25 

Jan.     Feb. 

Mar. 

Apr. 
4.83 

May.  June. 

July. 

Aug. 
0 

Total. 

:^74 

0 

0 

5.80 

18.07  '    8.15 

10.78 

1.08 

0 

0 

61.91 

4-75 

0 

5.99 

16.99 

1.15 

12.47        .61 

8.76 

.10 

1.10 

2.00 

0 

0 

44.17 

5-76 

0 

1.00 

15.20 

11.26 

11.08     13.08 

15.94 

3.48 

1.00 

0 

1.00 

.73 

T3.72 

tt-TT 

1.28 

12.90 

0 

0 

11.10  1    8.62 

6.62 

1.62 

2.63 

1.87 

.80 

0 

42.84 

7-7H 

0' 

2.22      5.70 

3.98 

23.54     24.00 

12.01 

4.98 

1.67 

0 

0 

.68 

78.78 

8^79 

1.08 

2.40 

3.12 

0 

8.89  ,  10.28 

1 

21.06 

7.68 

6.06  !    .SO 

0 

0 

60.97 

'<^r  mnan 

; 

• 

60.32 

ill. 

1 

Record  of  precipitation  at  Fonts  Springs,  Colusa  County, 

Atitnde,  3»*»  20';  longitude,  122*  40^;  elevation  1,650  feet.    Authority,  John  P.  Foutfl  and  8.  E. 

Stites.] 


Ynar. 

Kept. 

Oct. 

0.20 
.70 
0 

Nov. 

19.43 

.2f> 

1.25 

Dec*.     Jan. 

Feb 

2.00 
7.88 
.70 
7.11 
4.06 

Mar. 

Apr. 

5.01 

1.66 

(3.83) 

1.95 

May. 

O.fiO 

T. 

2.14 

June.  July. 

1 
T.    1     0 

T.    i    T. 

0.&5  .(0.00) 

1 

Aug. 

0 

0 

(0.00) 

Total. 

fi-86 

«M<7 

ff-88 

12-98 

C0.«)) 
0 
T. 

4.85 
2.Ki 
4.35 

9.29 

2.00 

10.8:i 

2.08 

1.65 
2.12 
5.00 
5.17 

42.93 

17.39 

28.25 

nl6.31 

)D-1901   .  .  ' ' 

5.41 

12.57 

!  - 

(122.83 



{rear  mean. 

29.52 

1 

a  Year  incomplete. 
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Record  of  precipitation  at  Little  Stony  ^  Ooltisft  County. 
[Latitude, :«°  ay;  lonffitude,  Vet'  »/;  elevation,     fcwt.     Authority,  t'  IL  FoUpt 


Tear. 

Sept. 

1 

1 

Oct.  1  Nov. 

Dec. 

8.40 
3.51 

Jan. 

Feb. 

1 

Mar.    Apr.   May.  June.  July. 

Ab^  T'* 

1884-86 

1 

1.29 
3.44 

1.04 
0 

0    '  i.as      0      1.19     n 

0    -i:! 

1885-4« 

0    1 

1 

0.27  1  13.29 

1 

1.10     3.«9    '^'■ 

I 

I 


a  Year  incomplete. 
Record  of  precipitation  at  Mount  LHahlo^  Contra  C<^ta  Coun/f. 


Latitude,  ST**  53';  longitiide,  laP  54';  elevation,  3,848  feet.    Authority,  Psa<"iflc  Railway  .v<--i 

J.  S.  Hall.] 


Year. 


Sept. 


Oct«  I  Nov.     Dec.     Jan.     Feb.     Mar.    Apr. ,  May.  June.  July.  An^.  T'i, 


1874-75. 


0 


0.68  !    T. 


0.33  I  0.<B       u 


1875-76 i  O.tt)  1    0.18  I    9.19,    3,11       5.60  !    4.95  1    6.23  '  0.65      {.3^>    (.33»     .tB      ">       *• 


1876-77 ,    T. 


2.95 


27  '      0 


4.63  I    1.89       1.11 


2-year  mean 


Oi  ,     .45       .ai      i> 


«  Year  incomplete. 


Record  of  precipitation  at  Eldorado^  Kldoru€io  Conttty. 

[Latitude,  ;*<"»  41';  longitude,  liO°  51';  elevation,  1.609  feet.    Authority,  Pa«nfic  Railway >;*' - 


Year. 


Sept.    C)ft. 


188H-89 ' 

1889-90 1     0 

1890-91 1  1.77 

1891-92 1    .09 


18iK-9Q.. 

1892^94... 

1894-95... 

1896-96... 

1896-97... 

1897-98. . 

1899-1900. 
1900-1901. 
1901-2.... 


13-year  mean 


.08 
1.14 

.67 
1.41 

.41 

.17 

.37 

0 

.10 
2.41 


7.46 
.10 
.85 
2.04 
.65 
3.62 
0 

1.00 
2.54 
.95 
7.18 
3.26 
1.80 


Nov.     Det'..     Jan.  ;  Feb. 


6.:^  , 

0 

1.06  I 
7.80  ' 
4.58  ' 
1.05  ' 

.78  ! 
9.49 
2.21 
2.45 
6.19 
8.11 
2.91 


4.00 

14.94 

5.48 

9.09 

10. 3:^ 

4.26 

14.37 

3.79 

3.62 

2.88 

2.70 

6. 78 

2.23 

8.40 


0.81 

12. 4S 

1.07 

3.48 

5.40 

8.74 

14.25 

13.82 

3.51 

1.43 

4.60 

8.87 

6.90 

1.11 


0.38 
5.67 
6.93 
5.75 
2.56 

11.90 
4.18 
.15 
4.60 
2.19 
.57 
1.99 
8.78 

10.75 


I  • 

Mar.  !  Apr.    May.  June.  July,  Aa<f  T  l» 


8.41 
10.04 

6.n 

7.24 
8.02 
2.25 
8.94 
7.80 
7.63 
.86 
13. 10 
6. 15 
1.69 
4.31 


i.a) 

3.00 
3.52 
3.61 
a  13 
1.63 
4.06 
9.56 
1.65 
.58 
l.(B 
3.40 
5  54 
2.46 


I 


7.5f» 
3.45 

.93 
4.91 
1.51 
3.98 
2.34 
2.59 

.23 
2.67 
1.80 
1.70  j 

.82 


I 


0.12 
0 

.15 
0 
l.W 

o 

0 

.tt) 

1.57 

O 

o 


0 

() 
0 
0 
0 
0 
0 
0 
0 
0 

(» 
u 

0 


I 

t) 

ri 
I) 

CI 

!■ 

i> 

4) 

n 
« 


•i^ 


5 

.»  ♦ 
J  «.* 


o  Year  incomplete. 


PPINCOTT.] 
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Record  of  precipitation  at  Oeorgetoum,  Eldorado  County. 
f  LAtitnde,  »<'*  M';  loiiifittide,  \itt^  SfY;  elevation,  2,500  feet     Aathority,  C  M.  Fitzgerald  ] 


Year. 

Sept. 
0 

Oct. 

Not. 

Dec. 

Jan. 
4.06 

Feb. 

Mar. 
8.05 

Apr. 

May.  June. 

July. 



0.U8 

Aag. 

ToUl. 

72-7:^ 

0 

4.30 

18.72 

13.06 

8.11 

0.12 

0 

0 

46.46 

73-74 

0 

0.61 

.65 

16.60 

16.66 

8.08 

18.87 

6.80 

1.32 

.20 

0 

0 

68.64 

74-75 

0 

886 

14.60 

1.24 

17.87 

.01 

5.07 

.31 

2.08 

2.06 

0 

0 

47.  OB 

7.V76 

0 

1.90 

24.12 

10.86 

13.09 

9.97 

14.54 

4.78 

1.22 

0 

.77 

0 

81.24 

»D-« 1 

0 

11.47 

.80 

0 

12.44 

2.14 

7.78 

1.74 

3.87 

.24 

0 

0 

40.48 

l|-<W 

0 

l.OB 

4.30 

1.97 

16.21 

22.78 

10.92 

2.90 

.99 

.12 

0 

0 

61.81 

7H-79 

.66 

2.56 

2.66 

.48 

11.24 

12.41 

17.57 

9.65 

8.39 

.34 

0 

0 

60.96 

79-HO 

0 

3.86 

6.25 

11.73 

6.47 

6.00 

5.50 

25.63 

5,97 

0 

0 

0 

70.40 

W>-«1 

0 

.18 

.37 

22.67 

20.83 

12.86 

8.84 

2.40 

.40 

2.28 

0 

0 

65.82 

181^»} 

2.08 

4.23 

3.30 

10.32 

8.50 

6.88 

10.44 

7.11 

2.06 

.18 

0 

0 

54.14 

i«MO 

.16 

7.75 

7.(W 

8.31 

4.70 

ao8 

8.78 

3.87 

7.34 

0 

0 

0 

45.94 

Ki-84  

1.60 

4.10 

1.94 

3.50 

7.53 

13.80 

19.94 

15.07 

1.52 

a66 

0 

.01 

72.66 

H4Hj   

.80 

8.54 

.08 

33.73 

437 

.82 

.24 

8.98 

.19 

2.28 

08 

0 

60.01 

iiv^ 

1  16        0 

20.77 

7.«J 

18.32 

1.16 

7.76 

15.01 

1.76 

.06 

0 

0 

73.06 

tt«-«7 

0     i  8  43 

1.T9 

6.90 

8.36 

15.79 

2.40 

6.54 

.03 

.18 

0 

0 

41  32 

<87-88 

..53       0 

1.44 

7.66 

14.21 

3.14 

6.02 

1.18 

.38 

1.66 

04 

0 

86.16 

JH8-H9 

.41 

0 

4.67 

7.99 

.66 

.68 

12.29 

2.77 

7.07 

25 

0 

0 

36.79 

i«0-90 

0 

10.45 

1.23 

22.94 

19.90 

8.96 

14.70 

8.86 

4.66 

.10 

0 

0 

86.80 

SO-91 

]i.81 

.19 

T. 

7.66 

.06 

10.39 

10.00 

8.79 

2.71 

3.22 

.42 

0 

40.24 

m-9i 

.17 

1.80 

1.50 

3.74 

5.48 

8.44 

7  90 

7.47 

7  58  1      38 

T 

0 

44  56 

«e-se 

.67 

3.11 

13.31 

15.76 

8.44 

8.20 

17.60 

6.34 

1.51        0 

T 

T. 

74  98 

«8-94 

2.06 

1.60 

10.94 

7.19 

13.80 

16.25 

4.74 

>    2.40 

5.25  1  1.61 

T. 

.20 

66.18 

«4-96 

!.« 

6.:ffi 

1.53 

20.93 

20.52 

7.69 

4.67 

4.77 

4.30  !     0 

.08 

.07 

7190 

W5-96 

2.Qi 

.20 

2.18 

7.27 

19.55 

.77 

11.28 

16.51 

4.81  ,     0 

.20 

.10 

65.61 

W6-97 

.83 

1.76 

17.18 

6.87 

4.83 

18.26 

13.65 

2.40 

.20  1  1.00 

0 

.04 

66.52 

W7-9K 

.30 

4.25 

4.09 

5.57 

2.18 

8.88 

1.80 

fie 

2.78     1.23 

(1 

T. 

81.90 

W-99 

.M 

2.£e 

4.34 

3.35 

8.59 

.61 

21.39 

1.60 

2.32     1.61 

0 

.14 

46.70 

999-190«) 

U 

9.87 

10.33 

11.91 

5.07 

4.29 

6.66 

5.46 

1.88       .13 

08 

0 

56.67 

BOO-1«I1 

1.00 

5.49 

8.99 

4.16 

10.40 

13. 70 

2.78 

6.48 

.99       0 

T. 

T 

63.99 

901-2 

4.60 

8.32 

4.72 

5.51 

1.92 

16  95 

6.47 

8.60 

1.44       .56 

0 

.06 

49.18 

(Vyear  mean 

1 

1 
1 

56.72 

1             ' 

1 

1 
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Record  of  precipitation  at  Placerville,  Elditradty  Cininty. 

[LAtitude,  38°  44';  longitude,  ^3SS^  48';  elevatioa,  2,109  feet.    Authority,  U.  M.  Barkiv  azxl  P^ 

Railway  system.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 
1.96 

1 
Juxte. 

1 

0 

July 

1 
ii 

T-'Al 

187a^74 

0 

0 

0 

0 

12.58 

4.72 

10.77 

3.«e 

X« 

1874  75 

0 

3.42 

9.60 

1.18 

12.58 

.08 

2.88 

.61 

1.58 

1.84 

U 

0 

*•  Ti 

1H75-76 

0     I.  a) 

17.64 

6.75 

10.79 

8.01 

11.86 

3.60 

1.40 

0 

,  0.4S» 

n.»C 

fil'. 

1876-77 

O.Ctt     «.1« 

.78 

0 

10.54 

1.17 

0           4.(R) 

1      0 

0 

(1 

1) 

i"* 

1877-78 

.66       .99 

2.25 

1.65 

10.45 

11.73 

6.53 

1.80 

1.67 

.<£ 

.(C 

At 

Z'^ 

1878-79 

.52     1.50 

2.M 

.41 

7.75 

8.00 

9.38 

6.25 

2.48 

.3:) 

.(e 

IC 

fr> 

1879^80 

0     '  3.47 

5.28 

7.58 

5.04 

6.58 

5.96 

17.92 

4.43 

0 

0 

0 

'*Zi 

1880-81 

0         .35 

.58 

16.94 

15.53 

7.01 

3.38 

2.38 

0 

1.80 

0 

0 

f- 

1881-«2 

l.OH 

2.80 

2.87 

7.70 

6.71 

5.15 

9.30  j    5.53 

1.1» 

.13 

i   0 

0 

flft 

18i«-« 

.9C} 

5.72 

4.94 

1.98 

3.74 

2.58 

6.88 

3.54 

6.25 

0 

1   0 

0 

IX 

1883-84 

1 .  67     3. 38 

1.67 

2.63 

6.06 

11.56 

14.46 

11. K2 

l.fil) 

:  2.51 

i   0 

.OS 

•:i 

1884-85 

.86 

2.47 

.10 

22.65 

4.L5 

.97 

.33  *  3.a» 

.27 

1.42 

'   0 

0 

i.i: 

1885-86 

.55       0 

15.97 

5.22 

13.00 

1.15 

5.22 

11.75 

1.24 

.50 

T. 

n 

'Ai 

1886-87 

0        1.42 

.91 

5.02 

3.18 

14.18 

2.09      6.71 

.53 

.28 

0 

u 

At 

1887-«8 

.58       .06 

1.42 

8.34 

11.27 

2.39 

5.2s         .91 

1.10 

1.50 

.(H 

T. 

•c»: 

1888-89 

.88 

T. 

5.98 

7.06 

1.03 

.86 

9.78       1.93 

8.06 

.18 

0 

T. 

41.* 

1889-90 

0       9.07 

7.77 

18.18 

14.57 

7.48 

1.3.81       3.98 

4.01 

0 

0 

T. 

>i 

1890-91 

1.64      T. 

T. 

6.89 

1.40 

9.13 

7.«2     3.es 

1.23 

.85 

i    .06 

M 

"^ . 

1891-aJ 1 

.45       .50 

1.48 

12.67 

4.4:^ 

6.83 

8.28       4.33 

&a5 

0 

!     0 

|l 

**r 

1898-98 ' 

.20     2.2:? 

12.14 

15.48 

7.94 

7.52 

12.29 

4.83 

1.34 

0 

T. 

ii 

EK 

1898-94 

1.40       .95 

6.19 

5.20 

11.55 

14.40 

3.31 

2.35 

4.35 

1.39 

T. 

6 

m 

1894-96 ' 

1.85     4.£> 

1.20 

19.0} 

17.85 

5.07 

4.43 

4.75 

2.58 

0 

T 

T- 

«'• 

1895-96 1 

1.79       .16 

.77 

5.24 

16.38 

.78 

11.11 

12.00 

3.56 

0 

.08 

.U 

1  1 

189^97 1 

.«.\  '  1.51 

11.  n 

4.47 

4.68 

14.61 

9.49 

2.23 

.35 

1.00 

0 

.(S 

i  < 

1897-98 

.13     3.39 

2.68 

2.43 

1.78 

6.18 

1.28 

.58 

2.70  • 

.66 

T. 

1) 

i  *, 

1898-99 1 

.11     1.00 

2.30 

2.80 

5.62 

.48 

14.98 

2.01 

1.78 

.88 

0 

m 

31  ■» 

1899-1900 

0     1  7.73 

6.72 

8.82 

3.92 

2.89 

5.84 

4.32 

1.15 

.68 

T. 

0 

4i7 

1900-1901 

.55     3.62 

9.82 

8.80 

9.95 

9.63 

2.34 

6.54 

HJ5 

0 

0 

u 

*■ 

1901-2 

3.13  ' 

2.12  ■ 

1 

3.74 

3.68 

1.35 

10.16 

5.33 

2.78 

1.35 

.60 

0 

.14 

3.: 

43  > 

29-yoarmean' 

1 

1 

....  ......_i 

1 

1 

1 

i            1 

1              1 

\ 

IPPlNrOTT.] 


BAINFALL    TABLES. 


425 


Hecord  of  precipitation  at  Shingle  Springs,  Eldorado  County, 

Latitude,  :«j«  39^;  lon^tude,  l:dO»  55';  elevation,  1,427  feet.    Authority,  M.  Phelps  and  Pacific  Bail- 
way  System.] 


Year. 

Sept. 

Oct, 

Nov. 
5.65 

Dec. 

Jan. 

13.07 

Feb. 

Mar. 
6.80 

Apr. 

May. 

0.02 

June. 
0 

July. 
0 

Aug. 

Total. 

4&^'i0 

0 

0.08 

10.04 

2.15 

0.45 

0 

38.26 

OfUil 

1.28 

.10 

.85 

2.70 

4.80 

.40 

2.10 

4.80 

.40 

0 

0 

0   • 

17.18 

51-52 

.40 

.30 

2.45 

7.80 

3.20 

.50 

9.00 

7.25 

1.00 

0 

0 

0 

32.  SO 

r)2.W 

0 

.50 

7.20 

11.40 

13.70 

2.40 

8.20 

3.00 

1.10 

0.05 

0 

0 

47.56 

L"»3-54 

1.20 

.75 

6.40 

4.10 

4.40 

3.40 

4.30 

5.40 

.20 

.30 

0 

0 

30.45 

54-">r> 

0 

3.?2 

2.70 

3.50 

3.20 

1.10 

2.50 

2.10 

.68 

0 

0 

0 

19.50 

&>-56 

.70 

0 

2.40 

5.70 

4.10 

.80 

3.40 

1.2r) 

.20 

.10 

0 

0 

UB.eo 

i56-o7 

0 

0 

2.15 

6.35 

6.50 

7.06 

1.94 

0 

.42 

.36 

0.36 

0 

26.11 

157-58.. 

0 

.42 

4.04 

1.90 

2.37 

2.69 

4.00 

1.70 

.20 

.60 

0 

0 

18.01 

i58^50 

0 

3.25 

.50 

6.20 

1.22 

12.00 

5.81 

1.82 

1.51 

0 

0 

0 

32.31 

150-60 

0 

.15 

11.16 

2.40 

2.20 

1.15 

4.71 

3.40 

2.10 

.02 

.80 

0 

28.00 

60-61 

0 

1.20 

.50 

7.43 

3.78 

4.60 

8.34 

.20 

.15 

.06 

0 

0 

26.26 

61-62 

0 

0 

6.90 

11.22 

34.13 

6.75 

0.90 

7.34 

4.10 

1.90 

2.56 

0 

81.80 

62-6:^ 

0 

.78 

.37 

2.84 

1.45 

4.96 

4.01 

2.76 

2.10 

0 

0 

0 

19.27 

«^^ 

0 

0 

2.05 

6.30 

7.29 

3.21 

.63 

3.94       .85 

0 

0 

0 

24.27 

m-^ 

0 

.08 

9.94 

9.13 

5.13 

5.63 

1.13 

2.50 

.89 

0 

0 

0 

34.43 

85-66 

0 

.45 

.6.84 

2.57 

11.08 

3.46 

6.21 

1.31 

4.88 

.18 

0 

0 

36.98 

66-^ 

0 

0 

4.73 

18.77 

9.17 

7.51 

4.09 

6.01 

.01 

0 

0 

0 

50.29 

67-68...  . 

.82 

2.24 

7.17 

23.76 

12.12 

3.70 

14.39 

«64.20 

85-86 

4.90 
3.50 
6.18 

10.77 
1.67 
8.82 

.69 

12.21 

1.08 

3.84 
1.45 
4.22 

9.51 
.43 

.71 
.06 
.18 

^30.51 

86-87. 

1.66 
T. 

.98 

1.08 

0 
.31 

i 

'<21.48 

87-88 

.49 

0 

0 

22.79 

88-89 

0 

0 

4.45 

4.45 

.40 

.70 

9.01 

1.98 

7.80 

0 

0 

0 

28.79 

89-90 

0 

8.73 

7.86 

17.86 

13.50 

6.70 

10.48 

2.75 

3.65 

0 

0 

0 

71.01 

90-91 

1.50 

.08 

0 

5.40 

1.40 

7.65 

7.97 

3.80 

1.60 

.70 

0 

0 

30.10 

91-98 

.04 

.70 

1.10 

7.58 

2.55 

6.43 

4.^ 

2.26 

1.98 

0 

0 

0 

27.50 

91^-93 

.15 

2.30 

7.85 

8.25 

4.97 

4.17 

9.78 

2.95 

.95 

0 

0 

0 

41.37 

93-94.. 

.86 

.40 

4.98 

3.30 

7.07 

9.40 

1.00 

1.03 

8.25 

.25 

0 

0 

^2.13 

94-96 

0 

8.55 

.99 

14.60 

11.33 

4.48 

1.98 

3.20 

1.70 

0 

0 

0 

41.73 

9&-96 

1.40 

.15 

2.53 

3.56 

14.07 

.30 

6.33 

8.21 

1.79 

0 

0 

0 

38.84 

96-97 

.25 

1.06 

11.75 

7.18 

425 

12.75 

7.00 

.97 

.22 

.30 

0 

0 

46.72 

97-98 

0 

2. 15 

1.40 

3.26 

m^ 

3.80 

.05 

.40 

2.10 

.52 

0 

0 

14.60 

98-99 

.25 

.80 

1.90 

3.05 

4.87 

.37 

14. 13 

.60 

1.28 

1.25 

0 

.15 

28.65 

99  1900 

0 

6.25 

6.29 

7.30 

• 

a  19. 84 



—     _ 



1 

>-y<'arinean 

1 

33.46 

1 

<i  Year  incomplete. 

Record  of  precipitation  at  Jacinto,  Glenn  County. 
[Latitude,  39«  J6';  longitude,  122°  OO';  elevation,  110  feet] 


Yt«r. 

Sept. 
0.62 

()<-t 

Nov. 

De*'. 

Jan. 

Feb 

Mar. 
3.71 

1  ^ 
Apr 

1 

May 

June. 

July. 
0 

Aug. 
0 

Total. 

92  «3 

1.21 

6.32 

8.13 

4.20 

2.99 

0.87 

1.44       0 

29.49 

ai-94 

.47 

.06 

2.67 

1.61 

4..T0 

1.47 

.89 

51 

1.24       0 

0 

0 

13.42 

9A-ftV 

1.2(1 

1.33 

.35 

8.60 

8.73 

1.86 

1  74 

2.49 

.22       0 

0.36 

0 

26.97 

95-96 

2.33 

0 

1.10 

.91 

0.37 

24 

2.92 

4(J8 

.60 

0 

0 

0.52 

22.14 

96-97 

.68 

.68 

3.06 

5.28 

8.78 

3.54 

1.72 

60 

0.44 

0 

0 

20.60 

97-98 

0 

2.12 

1.16 

1.40 

.76 

3.42 

31 

2.07 

0 

0 

0 

0 

11.24 

98-99 

.36 

.41 

0.48 

1.38 

6.36 

0 

4.29 

.36 

1.21 

.5:^ 

0 

0 

15.39 

9fr-19(« 

0 

2.68 

4.40 

3.40 

3.06 

.17 

1.27 

1.68 

.72 

0 

0 

0 

17.88 

00-1901 

0 

2  42 

5.00 

a7.42 



-    — 

- 

yt^armean. 

19.57 

'■'Yea/  momplote 
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CALII«X)RN1A    HYDROGRAPHY 


■5«    »_ 


Hvi'onl  itf  previpitftiion  at  Juliamt,  on  <SYo?iy  C*rv«'k\  (rfem*  f'*>nniy. 
I  altitude,  :V  :r>';  longitude,  122^  atK:  elevati<»n,  7.t«»  fw^t.    Anth«»rity.  Mr^.  Lc^  Jvimsu 


Yt^r 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar 

0.12 
3.24 

Apr. 

May. 

1 

Jtme.  July.  Aug^  T  lal 

1 
IMK^IWU ! 

4.2ft 
9.2: 

1.24     0.aO 

0          0         •»      •»<- 

iflOl-g.  ^ 

1.07 

0.00 

3.18 

0«J 

0.H5 

2.3? 

2.06 

0           0          0        211^ 

'« Year  incomplete. 

Record  of  precipitation  at  ChristmaH  I^airie,  Ilmnholdt  County. 
[Latitude,  MV  .V,':  longitude,  124"  «»';  elevation.  3,(KW  feet.     Authority,  J.  H.  Bbb;. 


Year. 

1883^84... 
lHH4-8r» 
ISKM* 
1886-87 

S-year  mean 


S^opt.  Oct. .  Nov.     Dec      Jan. 


Feb. 


1  37     26.44      8  T9 


HI  9» 


8  :« 


18.85     16.69  ,    6  30 


3.fl8  1  13.73     \h.V:  '  20.92 


Mar.    Apr.     May.  JaoeJ  July.- Aag 


_ 1.36     0.24    O.MI       Iv 

1.45  !  3.80  '  1.34  1.57  0  "  >  « 
6.51  12.97  2.83  l»  I.IT  "  •« "' 
5.00 J-?-? 


:"«i: 


"Year  incomplete. 
Record  precipitation  at  Bishop  Creeks  Inyt^  Cnnnty. 
[Latitude, 37«»  21';  longitude,  118=  22';  elevation,  4,450  feet.    Authority,  Pacific  Raflwar  Syst^n 


Year. 


1883-84 

1884-^5 

18a'>-«6 

1886-87. 

1887-«8 

1888-89 

1889-90 

1890-91 

1891-92 

1802-98 

1803-94 

1894-95 

1885-96 

1896-97 

1897-98 

1898-99 

1899-1900... 
1900-19r)l... 
lPOl-2 


Sept. 

Oct. 

0.12 

0.1 1 

0 

0 

0 

.02 

0 

0 

.15 

.15 

0 

0 

0 

.03 

.60 

0 

.19 

0 

0 

.20 

.19 

0 

T 

0 

T. 

.16 

.05 

T 

.09 

.89 

.41 

0 

■  0 

.14 

.:« 

.m 

0 

.81 

Jnne.  July    Aojj  T' *»' 


1^ year  mean' 


(I  Year  incomplete. 


[PPTNCOTT.] 
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Record  of  preciintaiion  at  Camp  Tndependnwe,  Inyo  County, 

[Latitude,  aB*>  60";  lon^tnde,  118°  10';  elevation,  4,d9H  fiM^t.    Authority,  United  Stateu  War 

Department.] 


Year. 

Sept. 

Oct. 

Nov. 

0 
0 

Dec. 

0.65 
2.27 

Jan. 

3.42 

0 

Feb. 

0 
1.63 

Mar. 

0 
4.76 

Apr.  ' 

0.16 
.53 

May. 

June. 

July. 

Aug. 

Total. 

ur»-6j; 

»3.23 

ttM57 

0 

O.SSi 

0.76 

0 

0.01 

1.15 

11.43 

67-68 

0.07 

.32 

0.21 

12.19 

5.46 

0 

0 

.40 

.71 

0 

.10 

0 

19.46 

68-69 

0 

.74 

.44 

1.17 

.16 

0 

.32 

.11 

.36 

0 

.03 

0 

3.33 

69-70 

0 

0 

.14 

0 

.20 

1.36 

0 

.21 

.27 

0 

.35 

.10 

2.63 

70-71 

0 

1.10 

0 

1.00 

0 

1.28 

0 

0 

0 

.30 

0 

0 

3.68 

71-72 

0 

0 

.65 

4.70 

0 

.30 

.28 

.55 

.18 

0 

.28 

.13 

7.06 

72-73 

0 

0 

0 

1.18 

0 

.40 

0 

0 

0 

0 

0 

.05 

1.63 

Z^li 

.10 

0 

0 

3.40 

2.40 

1.00 

0 

0 

0 

.01 

.15 

0 

7.06 

74-75 

.40 

.80 

.40 

0 

i.ra 

0 

0 

0 

0 

0 

0 

0 

3.33 

7r>76 

.01 

0 

.66 

.62 

1.61 

.70 

.87 

0 

0 

.15 

.19 

.56 

5.27 

76-77 

.16 

.26 

0 

0 

.76 

0 

0 

.59 

.89 

0 

0 

0 

2.46 

91-92 

.62 

.98 

.02 

.96 

T. 

.07 
0 

T. 

.n 

T. 
T. 

al.65 

92-«J 

0 

.:«» 

.23 

1.61 

1.51 

2.91 

8.38 

9:j-94 

T. 

0 

.10 

.75 

.15 

.43 

.09 

.02 

.10 

.11 

.12 

.51 

2.34 

W-tfi 

T. 

0 

0 

1.89 

1.24 

1.18 

.12 

T 

.01 

T. 

T. 

.04 

4.48 

96-9(> 

T 

83 

.67 

.08 

ai.m 

96-97 

1 

97-98 

1 

0 
.01 

.16 
.02 

.23 
.08 

T. 
.37 

T. 

.01 

.11 
.06 

«.60 

Mfr  •«*▼  .  «  .  ^  _  ■  ■ 

.20 

0 

.10 

.20 

.54 

T. 

1.54 

99-19II0.----. 

T. 

.30 

.85 

.56 

.31 

.05 

.67 

.62 

.22 

.04 

.08 

T. 

8,70 

00-1901 

.75 

.01 

1.34 

.13 

2.81 

.64 

.06 

T. 

36 

0 

.10 

.32 

6.51 

ni-2 

0 

.65 

.22 

.06 

.04 

1.69 

.1.06 

.17 

.04 

.01 

.17 

.13 

4.23 

-year  mean 

1 

5.47 

a  Year  incomplete. 

Record  of  precipitation  at  Keeler,  Inyo  County. 
.Atitude,  SB*'  .'J5':  longitude,  117°  50';  elevation,  8,622  feet.    Authority,  Pacific  Railway  System.] 


Year. 

1 

Sept. 

Oct. 

Nov. 

De<\ 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

1.60 
0 

June. 

0.80 
.08 

July. 

0 
0 

Aug. 

Total. 

Hi^u 

0.30 
.82 

0.20 
.11 

«2.80 

»4-Xi ! 

0 

0 

0 

0.70 

0 

0 

0.12 

1.88 

«^-8« 1 

0 

0.25 

0.65 

.36 

0.49 

0.14 

.60 

.40 

0 

0 

.14 

.08 

8.U 

86-87 ' 

0 

.01 

.08 

0 

T. 

.98 

0 

1.14 

.04 

T. 

.62 

0 

2.72 

87-88 

l.<i8 

.84 

.01 

.48 

.70 

1.21 

.30 

.12 

.30 

.20 

.17 

.10 

5.51 

88->*9 

.no 

0 

1.68 

.82 

.04 

T. 

.52 

.12 

.06 

.01 

0 

T. 

8.31 

iW-90 

.(« 

.    .56 

.(l-) 

.66 

.42 

.01 

T. 

.10 

.20 

0 

T. 

1.71 

3.69 

90-91.. 

.m 

.(W 

.12 

.22 

0 

1.00 

2.01 

0 

.37 

.:)() 

.06 

.02 

5.06 

91-92 

.19 

.04 

0 

.31 

.28 

.19 

.33 

0 

.53 

T. 

0 

0 

1.87 

«j-aj 

T. 

.81 

.11 

.54 

.71 

.75 

1.50 

0 

T. 

0 

1.41 

T. 

6.88 

198-94 

T. 

T. 

.08 

1.48 

T. 

.29 

.01 

T. 

T. 

T. 

.11 

0 

1.92 

194-95 

0 

0 

0 

1.06 

.a5 

1.15 

T. 

.25 

T. 

T. 

T. 

T. 

2.80 

©5-96 

T. 

0 

0 

T. 

.45 

0 

T. 

T. 

.15 

T. 

.25 

1.42 

2.27 

196-97 

.50 

T. 

0 

.25 

.10 

.27 

.13 

0 

T. 

0 

0 

.19 

1.44 

W7-98 

.14 

.15 

T. 

T. 

0 

0 

0 

.05 

0 

0 

0 

0 

.34 

iWv-iW ....... 

T. 

0 

T. 

.30 

.40 

.45 

0 

.01 

T. 

.60 

T. 

T. 

1.06 

J99-1900 

0 

T. 

1.75 

T. 

T. 

0 

.16 

1.25 

.23 

T. 

.10 

T. 

3.49 

100-1901 

.35 

.09 

.45 

0 

.75 

.25 

0 

T. 

.40 

0 

0 

.90 

3.19 

101-2 

0 

.60 

0 

0 

T. 

.25 

1.25 

0 

0 

0 

T. 

T. 

2 

i-year  mean 

1 

2.89 

1 

1 

"  Y'oar  incomplete. 
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CALIFORNIA    HYDROGRAPHY. 


\„ 


Recarti  of  precipitation  at  Bear  Valley,  Kern  dmnty. 
[ Latitude .  85"  !«';  longritude.  1 IJJ*-  .UK:  elevation,  i.ttlfl feet.   Authority.  Philip Fickert, 'Mat^ 


Year. 


Sept. 


1H94-M 1.48 

1886-90 6.18 

1896-irr 2.13 

18e7-»8 

l«98-« 73 

1808-1000 0 

IWO-lWl !     0 

1901-2 


6-yeaxuiean. 


Oct.  I  Nov. 


6.88 
L26 
2.57 


3.07 

14.16 

1.7« 

1.27 


1.26 

2.08 

18.  V> 


6.2S 

11.91 

2.71 

.66 


Dec. 

22.37 

0.4.5 

8.02 

A.  06 

3.44 

12.81 

.% 

.00 


Jan. 

20.  ae 

86.88 
4.18 

a 

11.06 
2.77 
1.01 
3.20 


Feb.  ;  Har 


6.64 


r.42 


1.06  14.47 
16.06  {  10.12 
10.44  I 

3.20  !  23.34 

1.34  I    1 


ft.8ri 
6 


2.75 
5.86 


Apr. 

3.25 
18.3! 
3.35 
1.65 
2.51 
5.06 
1.77 
3.48 


May.  June.; July.  Adk.  To. 


6w57 
10.08 

.80 
3.08 
4 

2.47 
1.43 

.73 


0    0.04, as)  s 


0 


2 
I.Ol 

0 

0 

0 


.a 


0 

0 

0 

T. 

0 


»:ir 

T.   »*♦ 

.IB    •*■ 

11     rt 

u     3)2 


f* 


o  Year  incomplete. 

Record  of  precipitation  at  Calietite,  Kern  Countif, 
[Latitude,  36*  17';  longitude,  118«>  41';  elevation.  1,200  feet.    Authority.  Pacific  Railwmr  5iT<rE 


Year 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

1.66 
1.08 

Apr. 

1 
May. 

T. 

(a  58) 

Jnne. 

0 
0 

July  Anf 

1876-76 

2.(JS 
,47 

0.53 
1.27 

1 
0       T 

1876-77 

0 

0.62 

T. 

0 

1.08 

0    '   fl 

1877-78 

0 

0 

0.84 

2.31 

3.81 

4.47 

2.60 

3.20 

.03 

0 

0       " 

1878-70 

« 

.42 

.10 

.10 

.20 

.34 

.83 

1.48 

.20 

0.<H 

0       " 

1870-«) 

« 

1.08 

1.77 

8.46 

2.37 

1.51 

1.00 

3.53 

.23 

1) 

0 

M 

1880-81 

0 

0 

0.36 

8.66 

1.61 

1.54 

1.01 

.64 

.23 

0 

0 

II 

1881-82 

0.13 

0.81 

.80 

.51 

1.61 

8.30 

.73 

1.50 

.00 

.56 

0 

II 

1882^88 

0 

1.01 

.60 

.87 

.04 

1.76 

.82 

2.42 

1.07 

0 

0  •  (> 

1883-«4 

.08 

.76 

.06 

(1.81) 

2.00 

4.06 

6.00 

2.90 

1.10 

1.28 

0 

l' 

1884-« 

0 

.22 

.25 

8.26 

.26 

0 

.45 

3.00 

1.06 

0 

aOK 

0 

1885-86 

0 

.05 

8.88 

1.83 

l.GO 

.06 

2.62 

2.06 

0 

0 

T. 

(1 

1886-87 

0 

T. 

1.45 

1.33 

.38 

2.70 

.07 

2.06 

.21 

0 

0    1   u 

1887-88 

0 

.68 

.05 

1.43 

.87 

1.14 

1.50 

0 

.81 

0 

0    .  « 

1 

188*^ 

0 

0 

6.14 

2.18 

.50 

.20 

3.15 

.00 

0 

0 

0       «l 

1889-00 

0 

1.85 

1.05 

8.65 

(1.25) 

1.16 

1.10 

0 

l.flB 

0 

0   ,.' 

1800-01 

.62 

0 

0 

4.80 

.10 

2.83 

.40 

1.00 

0 

0 

0 

t> 

1801-02 

.27 

.06 

T. 

a73 

.75 

l.OO 

4.26 

.80 

1.00 

.aO 

0  1    •' 

1 

1802-08 

0 

0 

0 

2.80 

1.00 

2.15 

8.71 

.70 

0 

0 

0       " 

1898-04 

0 

.10 

.20 

8.45 

3.80 

1.40 

1.00 

.20 

..■50 

.70 

0 

li 

1804-95 

.00 

.20 

.25 

4.80 

5.28 

3.10 

1.07 

.86 

.87 

0 

0 

1' 

1806-06 

0 

2.31 

1.51 

1.30 

2.53 

.25 

aao 

1.68 

.56 

0 

.(B!    9 

1806-97 

0 

1.00 

55 

3.55 

1.25 

4.06 

2.41 

.36 

.13 

0 

0       » 

1897-98 

0 

00 

0 

2.02 

1.67 

.70 

1.45 

.76 

1.40 

0 

0       « 

1898-90 

.10 

0 

.45 

.68 

1.78 

.41 

3.26 

.28 

1.13 

0 

0       " 

1899-1900 

0 

.25 

1.52 

.64 

.50 

.08 

.80 

1.76 

2.35 

0 

'     0       « 

t 

190U-1001 

0 

0 

2.13 

0 

.80 

2.10 

.35 

1.88 

L18 

0 

0      " 

1 

1901-2 

0 

0 

0 

0 

i.ro 

8.80 

a66 

2.70 

.11 

(.12) 

J-l-^ 

26-year  mean 

1 

1 

1 

i 

1 

I 


a  Year  incomplete. 
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Record  of  precipitation  at  Fort  Tejon,  Kerti  County, 

■atitude,  34«  55^;  longitude,  118<*  44' ;  elevation,  8,245  feet.    Authority,  United  States  War  Depart- 
ment, and  J.  O.  Stit^  Bakersfleld.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

3.78 
4.98 

May. 

June. 

0 
0 

July. 
0 

Aug. 

1 

Total. 

>4-55 

1.58 
2.24 

0.61 
4.62 

0 
0.30 

a6.97 

i5^56 

0.09 

0.06 

0 

7.50 

4.41 

7.88 

82.97 

»-ol 

.08 

.06 

3.12 

6.54 

.87 

.95 

0 

.04 

.63 

0 

.07 

.12 

ll.« 

»7-^ 

0 

2.11 

1.04 

4.50 

2.60 

.75 

7.89 

5.37 

.09 

1.20 

0 

.36 

26.40 

ia^ 

.44 

2.62 

.25 

3.07 

.29 

1.69 

1.22 

2.37 

0 

0 

0 

.07 

12.02 

»-«) 

8.58 

.16 

1.02 

0 

.22 

.25 

.20 

.60 

.20 

.21 

.01 

.16 

11.61 

»-61 

.73 

.m 

.26 

T. 

.43 

T. 

al.73 

n-«2 

1 

«-«3 

1 

T. 
.10 

JSMW 

2.oe 

1.00 

.71 

4.32 

.42 

0 

1.84 

1.80 

1.09 

.04 

T. 

13.34 

)4-95 

3.08 
.40 

2.14 
4.01 

1.44 
3.83 

1.31 
2.06 

0 
.22 

0 
.26 

0 
.30 

«7.97 

B-96 

0 

1.46 

1.42 

1.25 

3.07 

17.77 

»-»7 

.53 

1.83 

1.74 

4.47 

3.S2 

5.14 

3.63 

.95 

0 

0 

0 

0 

21.61 

W-fl8 

0 

1.30 

0 

1.72 

1.89 

1.55 

1.36 

.40 

.30 

0 

0 

0 

8.61 

J8-99 

.60 

0 

.65 

.73 

2.57 

.60 

2.99 

.65 

.25 

.78 

0 

0 

9.62 

»-l»00 

.05 

1.10 

1.71 

1.40 

2.12 

.66 

.85 

1.82 

1.57 

0 

0 

0 

11.28 

iMan 

1.06 

0 

1.71 

.50 

1.80 

5.86 

1.97 

.78 

.90 

0 

0 

T. 

14.58 

)l-2 

•05 

1.61 

.26 

T. 

al.92 

1 

1 

—    - 

- 

•year  mean 

t             1 

1 

1 

15.90 

n  Year  incomplete. 

Record  of  precipitation  at  Isabella,  Kern  County, 
Atitude,3r>°  48';  longitude,  118°  25^;  elevation,  2,600  feet.    Authority,  Stephen  Barton,  Isabella.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

• 

Jan. 

Feb. 
0.10 

Mar. 
1.93 

Apr. 
0.89 

May. 
0.04 

June. 

1 

July. 

Aug. 
0.01 

Total. 

96^96..     . 

0.06 

2.57 

05.60 

96-97 

0.38 

1.17 

0.48 

0.70 

a2.67 

97-98 

.15 

0 

0 

1.24 

0.54 

.99 

.58 

.06       .54 

0 

0 

0 

4.10 

98-99 

.04 

0 

0 

.33 

1.95 

.19 

1.89 

.28 

.25 

.45 

0 

0 

5.38 

99-19a) 

0 

.78 

.85 

.78 

1.10 

.65 

.65 

.73 

1.06 

0 

0 

.02 

6.62 

00-1901 

.30 

.24 

5.53 

.05 

1.20 

2.74 

.33 

.36 

1.9K 

0 

0 

.99 

13.72 

01-2 

0 

.64 

.13 

0 

.34 

6.05 

2.27 

1.02 

.06 

0 

0 

0 

10.60 

year  mean 

8.06 



a  Year  incomplete. 
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Record  of  precipitation  at  Kctme,  Kern  Count y. 
[Latitude,  aS"  Mff;  longitude,  UK"  4kY\  elevation,  2,7115  feet.    Aathority,  Parifi*-  fUOwr  •*! 


Year.       1 

1 

Kept. 
0    ■ 

<K-t. 
0 

Nov. 
0 

De*-. 
1.75 

Jan. 

F«-»». 
7.49 

Mar. 

Apr. 
2.10  ' 

May.. 
0 

June. 

0 

July. 

(1 

II 

1877-78: 

4.37 

2.72 

»; 

1878-79 

0 

0.47 

0 

.74 

.87 

.55 

.8!) 

1.97 

0 

0 

0 

II 

"  ^ 

1875MO ' 

0 

.SO 

1.4;^ 

5.37 

2.  SB 

1.21 

1.15 

4.(»7 

0.12 

0 

0 

n 

■'.: 

1880^1 

0 

.22 

.28 

3.4;) 

2.12 

2.42 

1.98 

.72 

.10 

0 

0 

II 

1     • 

1881-«5 

U.58 

.21 

.98 

.30 

1.40 

2.57 

1.43 

1.44 

.80 

(K 10 

11 

II 

( V 

1882^83 

0 

1.40 

.25 

.47 

.17 

3.31 

2.55 

2.04 

.88 

0 

0 

n 

1883-«4 

0 

.46 

.18 

1.08 

2.14 

7.48 

4.80 

3.10 

3.23 

1-79 

1) 

{> 

txi 

1884-^ 

0 

2.55 

.:« 

5.22 

.30 

.13 

.85 

1.47 

.11 

.10 

O.lK 

T. 

i 

1885-88 

0 

.28 

3.ra 

.48 

2.02 

.84 

2.93 

2.84 

0 

T. 

T. 

ojC 

]:*■. 

1888-87 

0 

T. 

1.95 

1.10 

.51 

3.5:0 

.92 

2.73 

T. 

.2l» 

T. 

i 

t 

ia87-«< 

.12 

1.38 

.50 

1.72 

1.30 

1.70.. 

2.80 

.78 

2.(B 

0 

.Ai 

f. 

*w 

1888-80 

0 

0 

1.28 

2.20 

•  96 

0 

3.74 

.95 

1.77 

0 

0 

> 

m 

1880-90 

.42 

2.23 

1.30 

5.17 

3.15 

1.97 

1.98 

.50 

1.30 

0 

0 

1.*' 

'K 

189(^-91 

.41 

0 

'      .10 

3.57 

.23 

6.60 

i.:« 

1.30 

1.35 

-<6 

1) 

0 

A  * 

1891-« 

.22 

0 

,      .08 

8.37 

1.85 

2.ffi 

4.10 

1.86 

.80 

\.\r* 

u 

II 

\ 

189^-9Ci 

0 

.18 

.85 

1.88 

2.20 

3.26 

8.70 

1.30 

T. 

0 

l.m 

" 

•  1 

1888-94 

.14 

.35 

.18 

1.50 

3.80 

1.85 

2.25 

.55 

.40 

.20 

0 

0 

»* 

• 

1894  4» 

.:« 

.05 

.30 

4.50 

8.08 

2.71 

2.40 

1.05 

1.25 

0 

u 

u 

• 

1895-98 

0 

1.37 

1    1.85 

1.90 

.82 

0 

2.47 

2.82 

1.30 

0 

.1-1 

.¥ 

»» 

1898-97 

0 

0 

1.01 

2.94 

2.28 

7.40 

3.17 

.14 

0 

.50 

0 

II 

*•;: 

1807-98 

0 

1.01 

1      0 

3.02 

1.73 

.75 

2. 04 

.:« 

1.12 

0 

0 

11 

f 

If^ff^WI. ...... 

.«j 

0 

1      .40 

.82 

.41 

1.17 

4.10 

.66 

1-18 

.79 

n 

i» 

.  1 

1890-1900 

0 

.81 

3.18 

.90 

.92 

1.12 

.54 

2,67 

1.55 

0 

n 

'      II 

t 

• 

1900-1901 

.27 

.70 

1.94 

0 

.99 

5.35 

1.30 

1.19 

.80 

0 

u 

« 

:% 

1901  2 

0 

.45 
1 

.28 

1 

1 

.30 

1 

'    1.58 

8  91 

1 

4.80 


2.70 

.45 

>      0 

1 

n 

It 

1 

:\ 

25  year  mean 

• 

Record  of  precipitation  at  Keimtnile;  Kern  (Umnty. 

[Latitude,  m"  45';  lonffitude,  1I8<'  27';   elevation.  2,800  feet.    Authority,  Stephen  Bartns  a^ 

Brown,  KomvUle.] 


Year 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 
1.10 

Feb. 
1.88 

Mar. 

0.42 

Apr. 
0.17 

May. 

June.  July.  Aoi  "  "• 

1893-94 

..... 

tl           0       «".<'i      '  • 

1804-95 

0.80 

0 

0 

5.31 

5.10 

i..n5 

1.80 

.37 

0 

0         0'- 

1895-90 

0 

O.GO 

0.95 

.40 

3.52 

0 

1.54 

.88 

« 

0.20  ;  2.85  ;    <s 

1896-97 

0 

1.48 

.11 

.85 

3.40 

3.80 

2.57 

.10 

0 

0          0         " 

1897-98 

0 

45 

1.14 

11.32 

.58 

.99 

.58 

T. 

.54 

0        0       •' 

lOWO-WT.  ... 

.Oi 

0 

0 

.:« 

1  r5 

.19 

1.89 

.^ 

.a 

.45'    0       " 

1899-1900 

0 

.78 

.85 

rs 

.80 

.5:^ 

.58 

.52 

00 

0    ;    n      " 

1900-1901 

.79 

.10 

5.00 

0 

!.:« 

292 

.15 

.31 

1.82 

0    '    «       T" 

1901-2 

0 

.72 

.15 

0 

.:jo 

3  07 

2.10 

.74 

.10 

.00  J  .<«     '■' 

7  year  mean. 

1 

i 

1 
1 

1 
-1 

uYoar  iucouiplete. 
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Rvcirnl  af  previpitation  at  Mount  Breckinridge,  Hanlon,  Kern  County. 
(Latitudes  ar>-  25';  longitade,  118°  »';  elevation,  6,750  feet     Authority.  G.  Ottornmn-l 


\t«ir. 

1              1 
Sept. I  Oct. 

Nov. 

Dec. 

Jan. 

2.70 

Feb. 
5.12 

Mar. 
7.?^ 

Apr 

0 

May. 
0.40 

June.  July. 

Auk. 
0 

Total 

-97 

'"( 

2.26 

5.95 

0.10 

0 

«^4.25 

-*J» 

1 



1.79 

3.17 

a4.96 

1 

n  Year  iuoomplete. 


b  No  record  kept  in  1806. 


Recftrd  ttf  precipitation  at  Taylor' a  ranch,  Weldon,  Kern  County. 

,titud«,:i5°  :«K;  longitude.  I  ls°  17':  elevation, 2,610  feet.    Authority, (fe<j.  E.  Carleton  and  Annie 

Alexander,  Weldon. ) 


Y«M4r. 

1 
Sept.  0:t. 

1 
Nov.  ' 

Dec. 

0.66 
0 

Jan. ' 

0.71 

1.06 

26 

Feb. 

0.47 
1.96 
4.37 

Mar. 

0.50 

.06 

1.41 

Apr.    May. 

1 

June. 

0.02 
0 
0 

Jaly. 

0 
0 
0 

Aug. 

Total, 

>-ia«).  ... 

0.7H  ' 

4.29  , 

.12, 

0.39 
.41 
.31 

0.K2 

1.02 

0 

0.03 

^60 

0 

•(4.88 

)-19l)l  .... 
1-2 

0.68  '  O.UiS  1 
0     .    .38 

12.08 
686 

4ir  mctATi 

1 

1 

9.45 

1 



1 

u  Year  incomplete. 

Record  of  precipitation  at  Tehachapai,  Kem  County. 
ititude,  ;I5*»  06';  longitude,  118"  26';  elevatiou.  3,964  feet.    Authority,  Pacittc  Railway  System.] 


1 

Yttir. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr 

May 

June. 

July. 

Aug. 

Total. 

>-77 

0.08 

0. 45 

0 

0 

0.58 

0.14 

0.80 

0.60 

0.12 

0 

0.02 

0 

2.88 

:-7H 

0 

T. 

0.50 

2.91 

2.50 

6.32 

1  76 

1.98 

.28 

0.09 

0 

T. 

16  88 

H-79 

0 

.30 

.04 

.64 

2  62 

.45 

.19 

1.39 

.09 

.12 

0 

0 

5.84 

rt-HO 

0 

.52 

1.08 

5  52 

2.81 

1.94 

1.47 

2.30 

0 

0 

0 

0 

15.60 

l^-Sl j 

0 

.75 

.10 

2.14 

1.79 

2.  (ft 

:ii5 

.50 

0 

0 

0 

0 

10.48 

1-K2 ' 

.32 

.10 

.50 

.12 

1.05 

2.07 

1.45 

.63 

.20 

.15 

0 

0 

6.60 

2-Xl 

0 

.74 

.18 

.50 

15 

4.55 

1.51 

2.89 

1.73 

0 

0 

0 

12.25 

*-J*4 

0 

.81 

.14 

.72 

1.54 

7.57 

3.48 

i.a5 

1.26 

1.05 

0 

0 

18.42 

l^K'i 

0 

.13 

29 

3  96 

.10 

0 

.26 

1.48 

.:*) 

0 

.05 

.31 

6.88 

5-^S 

0 

0 

3.70 

J& 

1.58 

6.06 

4.10 

4.57 

0 

0 

.10 

0 

20.68 

:>-87 

0 

T. 

1.15 

.«) 

.50 

8.88 

.24 

1.95 

.26 

0 

0 

0 

13.58 

T-W 

0 

.86 

.21? 

1.44 

2.57 

2.60 

1.30 

1.25 

.35 

0 

0 

0 

10.48 

^-K9 

0 

0 

0 

3.65 

.40 

.60 

3.56 

3.96 

1.07 

0 

0 

80 

14.04 

»-iW 

0 

2.70 

.70 

5.30 

1.75 

.70 

.:* 

0 

0 

0 

0 

0 

11  45 

0-91   

.50 

" 

0 

3.48 

.08 

;{.45 

.m 

90 

.70 

(0.00) 

0 

0 

9.86 

1-92 

1.17 

i) 

0 

3.10 

.« 

2.68 

2.?i 

.61 

.55 

« 

0 

0 

11  75 

e-9;i 

0 

0 

0 

.40 

85 

3.61 

5.00 

65 

» 

0 

0 

0 

10.61 

CJ-ft* 

0 

.50 

.50 

5.25 

2.80 

1.68 

0 

(.18) 

.32 

.*7 

0 

0 

11.60 

H-95 

.10 

0 

0 

J}.  75 

3.21 

.69 

1.08 

.50 

75 

0 

0 

0 

10.08 

15-96 

0 

.44 

oo 

.36 

1.57 

^ 

2.80 

.(SA 

0 

0 

0 

.86 

7.16 

•6-»7 

0 

1.45 

.5:< 

1.13 

1.78 

2.(« 

.18 

.25 

0 

0 

0 

0 

7.35 

rr  98 

.08 

.:« 

0 

1.00 

1.3t» 

.'M 

l.:ft 

10 

.82 

0 

0 

0 

6.  SI 

J8-99 

0 

0 

T. 

.30 

.68 

.(to 

MS 

0 

.22 

.38 

0 

0 

3.70 

IIM91» 

0 

.57 

1.5:} 

.61 

.64 

.:» 

.29 

1.29 

50 

Z\ 

T. 

0 

6.06 

IH901 

0 

.46 

1.5:} 

0 

1.17 

:i3» 

.25 

.&> 

79 

0 

0 

1.70 

0.47 

U  2 

0 

.a> 

0 

1 

0 

.HO 

3.90 

1.<I6 

1 , 

1  73 

0 

0 

0 

0 

7.>» 

•year  mean 

t 



10.28 
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Record  of  precipitation  at  Tejon  Ranch,  Kern  County. 
[Latitude,  35'  01';  lon^tndo.  1 18o  45':  elevation,  1 ,450  feet.    Autbority,  R.  M.  Fogson, BalccY^ 


Year. 

Sept. 

()rt 

Nov 

Dec. 

Jan. 

5.05  i 
1  90 

2.92 
1.30 
1.17' 
1.28  , 

1.61 

- 1 

Feb. 

1  39 
.37 

1.68 

2  10 
.35 

4.69 
1.46 

Mar. 

______ 

1.70 
4.22 

...... 

.94 

4.Ui 
.41 
.95 

2.74 

Apr. 

May 

Jane. 

0 
0 

0 
0 

.«• 

0 
0 

Jnly. 

0 
0 

0 
0 

C) 

0 

Aug. 

0 

u 

l» 

0 

0 

T 

0 

1H94-95 

; 

1.11 
1.62 

.17 

.82 

1.97 

1.36 

2.(CS 

.49 

.48 

.84 

0 
1.57 
1.28 

.98 

.             • 

1895-96 

1896-97 

0     1  2. 13 

1            i 

1.41 
2.12 

1.06 

I        - 

•*      • 

1897-96 ! 

a'l  T 

1898-99 

1899-1900 

1900-1901 

1901-2 

'  0.31 
06 

.4t' 

1.31 

67 

.40 

.57 
1.82 
1.06 

.17 

.87 

1.67 

.  o4 

.00 

!  J' 

5-year  mean. 



-1  •• 

1 

1 

a  Year  incomplete. 

Record  of  precipitation  at  Bartlctt  Springs,  Lake  Count y. 

[Latitude,  30^  10*;  longitude,  122<'  45';  elevation,  2,375  feet.    Authority,  J.  E.  Mclb^si 


Year. 

;Sept. 

1 

Oct.l  Nov. 

1 
1 

Dec.  1  Jan. 

Feb. 

6.78 

8.3B 

0 

1.27 

7.62 

22.38 

Mar. 

5.3B 
.19 
8.49 
6.42 
1.67 
5.98 

Apr. 
0.75 

1 
May.'jnne. 

1896-97 

! 

1 

3.50 

0            CI 

1897-98 

1898-99 . . . . 

1890-1900 

1900-1901 

1  (1 

'     0 

1 

1     0 

1 

1.70      2.:fl 

0     1    1.87 

4.70     10.06 

3.72 
1.2:i 
7.87 

1.53 
13.14 

7.61 
14.50 

1.71 

.63 

S& 

3.23 

4.52 

5.20 

2.  SI      1.10 
2.47         0 

.8K         O 
1.4(1  '      0 

1901-2 

'  1.17 

1 

1.80      5.86 

1 

4.02 

a4<)      0 

4-year  mean. 

1 

1     

1 

I 


0 
0 

o 
u 
y 

0 


n 
fi 
M 
I. 
II 
41 


a  Year  incomplete. 

Record  of  jtrecipitation  at  Kono  Tayee,  Lake  <*onnty. 

[Latitude^  39"  5';  longitude,  122°  43*;  elevation,  1,360  feet.    Authority.  R,  S.  Fk.pi 


Year.         Sept."  C)ct.    Nov.  i  Dec.  '  Jan.  |  Feb.  '  Mar,     Apr.    May.jjune.  July.  Aoc  T 


1873-74 0 


>«  i 


1874-75 ;     0 

1875-76 0 

1876-77 0 

1877-78 O.r.J 

1878-79 0 

1879-80 0 

1880-81 0 

1881^82 0 

1882-83 42 

1883-84 1    .70 

1882-93 i    .18 

1893^ '     .25 

.1894-96 50 

1896-96 71 

1896-97 29       .7:^ 

1897-96 0     ,  J. 24 

1898-99 .61       .46 

1809-1900 '     0       3,78 

1900-1901 T.     !  3.11 

1901-2 1    .54  i  J.(H 

21-year  meaU| i 


0 

3. 70 

l.li 

.20 
1.65 

.41 

.91 

0 

.63 
1.64 

.99 

.84 

.42 
1.22 

0 


I 


0 

6.25 
6.96 
3.5r) 
2.23 
1.37 
3.57 
3.54 
2.90 
4.42 

.39 
6.53 
3.76 

.74 
1.69 
3.33 
1.64 
1.15 
5.56 
3.89 
3.87 


0 

0.29 
5.12 

0 
1.98 

.33 
5.72 
1.92 
1.77 

.96 

.70 
5.57 
2.34 
10.70 
2.12 
5.93 
2.12 
1.27 
4.14 
1.67 
1.19 


1.88 
9  16 
6.05 
3.17 
14.16 

:j.oi 

6.24 
5.50 
1.74 
1.40 
4.17 
3.84 
6.92 
14.45 
9.42 
2.85 
.71 
7.74 
8.10 
5.57 
1.31 


3.60 

.38 

4.22 

2.81 

11.04 

3.41 

3.85 

6.58 

3.20 

.60 

1,91 

4.15 

4.32 

2.32 

.25 

4.01 

4.19 

T. 

1.27 

4.33 

10.28 


4.62 

.se 

8.34 
1.40 
4.60 
9.15 
4.74 
.64 
2.34 
3.81 
5.35 
5.41 
1.11 

ai3 

2  31 
3.76 
.11 
5.43 
2.89 
1.33 
3.85 


2.06 
0 

.10 
.50 
1.4:i 
.47 
.48 
.95 
1.54 
.95 
3.88 
2.06 
.91 
.98 
4.62  I 
.90  ' 
.64  , 
.70 
2.S8  ' 
2.05  : 
2.42  ' 


n.45 
.84 
O 
0 

0.79 
.64 
.25 
.12 
.40 

2.41 
.06 
.496 
.90 

1.14 

1.09 
.SO 

1.67 
.45 
.07 
.96 

1.58 


I 


I 


0 
0.42 

O 

.50 

.45 

0 

O 

.25 

O 

0 
4.08 

0 
1.64 

O 

45 

.48 

.45 

.28 
T. 

.45 

O 


0 
0 
0 
0 
() 

0 
0 
0 

n 
0 

0 
0 
a 
u 
T. 

0 
0 

.18 
0 

u 

0 


I 

<l 
II 
II 

.^T^ 

G 

(i 

i1 

It 

II 

(I 

T 
T. 

t\ 

II 

T. 

P 

T. 
T 


v 

■*■  ■ 
■  -. 
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Rec(trd  of  jyrecipitatioa  at  Lakeport^  Ixike  County. 
[Latitude,  12:^-  (K;  longitude,  39°  O';  elevation,  1,325  feet.    Authority,  D.  C.  Ruraaey.] 


rear. 

Sept. 

Oct. 

4.25 

2.20 

Nov. 

5.55 
4.18 

x-r^C. 

Jan. 

9.20 
3.00 

Feb. 

Mar. 

1.25 
3.70 

Apr. 

2.15 
3.30 

May 

June. 

July. 

Aug. 

0 
0 

Total. 

1«U 

2 

0 

.88 

4.20 
0 

3.95 
12.86 

0.62 
2.45 

0 
0 

0 
0 

31.17 
82.97 

\r  mean. 

31.88 

Record  of  precipitation  at  Middletown^  Lake  County, 
[Latitude,  38°  46';  longitude,  122°  37';  elevation,  1,300  feet.    Authority,  Leon  Lake.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 
9.59 

Jan. 

Feb. 

Mar. 
4.64 

Apr. 
22.21 

May. 

June. 

July. 

Aug. 

TotaL 

-SO 

0.91 

1.36 

8.38 

7.07 

2.48 

1.76 

0 

0 

0 

58.40 

-81. 

0 

0.06 

0.02 

21.86 

17.86 

5.05 

L83 

2.52 

0.29 

0.34 

0 

0 

60. 72 

^ 

.55 

1.26 

1.05 

8.09 

2.86 

6.80 

4.60 

2.57 

.65 

0 

0 

0 

28.43 

r^\ 

.90 

2.93 

5.07 

1.47 

2.25 

1.92 

7.25 

3.09 

3.97 

0 

0 

0 

29.45 

UH4 

2.55 

1.36 

.57 

2.34 

8.25 

5.25 

12.82 

8.38 

.06 

3.28 

0 

0 

44.84 

H5 

.50 

2.08 

.05 

22.9:) 

2.54 

1.37 

12.82 

8.43 

.30 

2.98 

0 

0 

53.90 

h86 

.15 

.54 

19.42 

6.60 

13.61 

0.32 

0.70 

I.IC 

0 

.27 

0 

0 

42.93 

hK7.    .    .. 

8.96 
14.77 

2.25 
6.25 

10.74 

7.82 

1.71 
9.32 

8.«i 
3.8S 

1.64       0 

"28.33 

5-«J 

.91 

2.ft"> 

15.64 

1.49 

0 

0 

0 

62.13 

V-M 

'     .78 

.36 

3.06 

3.36 

14.37 

8. 32 

2.09 

2.  ('5 

2.06 

.89 

0 

0 

37.94 

k95 

1.28 

3.18 

1.92 

20.52 

28.90 

3.40 

6.87 

1.77 

1.75 

0 

0.10 

0 

68.60 

►-96 

1.86 

0 

3.06 

5.50 

25.78 

.06 

5.79 

8.54 

2.23 

0 

.01 

0.10 

53.02 

$-97 

.48 

1.10 

7.55 

11.21 

»20.34 

— 

_  . 

rear  mean 

48.23 

n  Year  incomplete. 

Record  of  precipitation  at  Susanville,  Lasmni  County, 
[Latitude,  4ir  iSi' ;  longitude,  12r)°  .'ft' ;  elevation,  4,195  feet.    Authority,  T.  B.  Sanders.] 


Year. 

Sept. 
0.71 

Oct. 
0.50 

Nov. 

1 

5.92 

1 

'  Dec. 

3.23 

Jan. 
4.27 

Feb. 

Mar. 
2.70 

Apr. 
1.70 

May. 

1.28 

June. 

July. 
0.57 

Aug. 

o.:« 

Total. 

i>m 

0.92 

1.22 

23.32 

fi-H7... 

1.33 

1 

2.2Ji 

5.57 

«9.12 

17  88...            

1 

W-89 

.71 

.01 

1.45 

1.80 

.rtJ 

.60 

4.81 

1.07 

6.28 

1.56 

.05 

0 

18.48 

®^no 

0 

4.18 

2.74 

8.55 

8.72 

4.71 

4.60 

l.(W 

1.51 

.14 

0 

.15 

36.36 

JO-91 

.15 

T. 

.35 

3.47 

1.00 

7.84 

2.49 

.m 

2.41 

1.65 

.55 

T. 

20.71 

n  92 

.65 

.45 

LIO 

4.91 

1.77 

2.C6 

2.80 

2.80 

1.5J5 

.98 

0 

0 

19.77 

12-98 

.71 

.83 

10.66 

6.80 

4.82 

3.53 

1.55 

i.8:j 

.(J7 

0 

T. 

T. 

81.40 

e-w 

1.65 

.60 

1.80 

.95 

6.10 

3.5JJ 

2.;i') 

.95 

1.56 

.75 

0 

.20 

20.43 

M-C5 

.30 

1.96 

.40 

8.66 

10.29 

3.00 

1.26 

.50 

1.50 

T. 

T. 

.20 

28.07 

«v-96 

3.00 

.10 

1.95 

2.91 

6.94 

.05 

3.23 

5.10 

2.22 

T. 

.20 

.20 

25.90 

«64i7 

1.33 

.60 

3.88 

2.96 

5.99 

4.25 

2.60 

.■;» 

.90 

.42 

0 

.08 

253.21 

»7-98 

.55     2.65 

3.13 

2.22 

.45 

2.:« 

.85 

.24 

.54 

1.02 

0 

.08 

13.61 

}K^99 

.10 

.80 

1.74 

.66 

2.90 

.31 

3.32 

.92 

1.42 

0 

0 

.46 

12.62 

»-19a) 

'     0 

5.21 

2.70 

8.59 

1.50 

1.22 

2.97 

.90 

.64 

.40 

.63 

.OB 

19.78 

»-1901 

.35 

2.67 

3.29 

2.00 

4.76 

3.17 

1.50 

1.57 

.92 

.27 

0 

1.77 

22.17 

)l-2 

.59 

2.28 

1.72 

1.89 

.70 

5.14 

2.56 

1.31 

.:« 

0 

.54 

.00 

17.17 

year  mean 

1 

22.20 

I 



1 

"  Year  incomploto. 


IRR  81—03- 


28 
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Record  of  precipitation  at  Azitaa,  Los  Angeles  County. 
[Latitade,  34o  8';  loniritiide,  ll?"  54';  elevatioo,  830  feet.    Antbority,  H.  F.  PtfkinnL 


Tear. 

Sept.  Oct. 

1 

Nov. 

1 

0.26  1 

Dec. 
T. 

Jan. 

Feb. 
1.26 

1 
Mar. 

0.81 

Apr. 
0.S5 

May.  Jane.  July.  Xu.  T  u 

1897-98 

0       4.25 

1.75 

2.65      T.      T. 

li    :. 

1898-90 

.08  1    T. 

T. 

0.50 

2.81 

T. 

2.40 

T.         T.      1.25      0 

T.    : 

1890-1900 

T.      2.55 

1.79 

1.00 

1.31 

T-     , 

1,71 

1.05 

2.7B       0        0 

u     :: 

1900-1901 

.13      .34 

10.26 

0 

3.77 

4.86 

.50 

.73 

1.91  1    T.       T. 

T      Z^' 

1901-2 

T.    1  2.35 

1 

.67 

T. 

2.24 

....... 

2.84 

3.99 

.38 

.18      .OH     T 

li      r" 

5-year  mean. 

' 



• 

Record  of  precipitation  at  Calabascus,  Los  Angeles  Countg, 
[Latitude,  'M'*  W;  longitude,  118*'  88^;  elevation,  925  feet    Authority.  J.  O.  Chftima'. 


Year. 


1901-2. 


I 
Sept.,  Oct.  I  Nov.    Dec. 


Jan. 


Feb.     Mar.     Apr.    May.  June.  July.  As^  T  "^ 


1.28       4.36       2.17        0 


0         0 


Record  of  precipitation  at  Colby^s  Camp,  Las  Angeles  County. 
[Latitude,  IIH-  05';  longritude,  34*  15';  elevation,  8,875  feet.    Authority,  D.  W.  Coll'y.P**^ 


Year. 

Sept. 

1 

Oct. 

Nov. 

Dec. 

Jan-     Feb.     Mar. 

1                       1 

2.90       0.25       2.75 

Apr. 

0.17 
1.38 
2.66 
1.84 

iMay.June,  July.  ABIC  T  • 

1898-99 

1 

0  60     0  79      0              ^ 

1800-1900 

1900-1901 

1901-2 

0 
0.25 
.10 

a66 

.45 
3.15 

125 

8.15 

0 

1.26 
0 
0 

1.15 
6.94 
2.60 

0      1    2.00 

13,54         .67 

3.15      3.55 

3.25       0         0       ' 
1.10       .10      0     "^5    ^ 
.20       .10      0       " 

3-year  mean. 

1 

1  * 

I 

1             :        "'i 1 " 

*■»      .    _ 

«                            «      ■ 

o  Year  incomplet'e. 

Record  of  precipitation  at  Follows  Camp  (Aztisa),  Ia>s  Angeles  i'tfuj/) 
[Latitude,  34°  14';  lontpitude,  117-  49';  elevation,  1,800  feet.    Authority,  R.  M.  Follows  Ar>* 


- 

Year. 

Sept. 

CH-t. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr.    May.  June.  July  Ak  ■  * 

1           1 

1896-96 

1           1 

T. 
10.39 
9.80 
.84 
T. 

6.55 

8,25 

0 

2.49 

2.40 

1           • 

1*16-97 

1897-98  

l«»-99 

1899-1900 

1901-2 

T.      2.95 
.45  ,  7.86 
0     '     0 

.12  1  3.08 

1 

1.03 

.a» 

1.70 

1.04 

.80 

1.61 
.27 
.TO 
.44 

15 

5.43 

0 

3.00 

.15 

,85 

At 

1.77 

.28      T.        «        'f    ' 
6.16     1.08      ♦•        **'    ' 

0          .91       11       " 
2.98    

- 

_-.  _  . 

3- year  mean. 

i 

""1 i 

a  Year 

incom] 

plete. 

PIXi'OTT.] 
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Record  of  precipitation  at  La  Liebre,  Los  Angelen  County, 
Atitdde,  84*  ¥V\  lonsrittid^,  IIS^  40';  elevation,  8,170 feet.   Authority,  J.  W.  Forbes,  Neenack.] 


Jan. 

Feb. 

Mar. 

Apr. 

0.10 
0 
.00 

May. 

Jane. 

July.  Aug. 

Total. 

3.67 

4.01 
.38 
.04 

2.30 

.81 

S.26 

i 

«10.08 

.53 

i.n» 

1.24 

0.45 
.(M 

0 
0.27- 

0 
0 

0 
0 

a3.07 

5.35 

"4.12 

1 

I           1 

"  Year  incomplete. 

Record  of  precipitation  at  Los  Angeles^  Los  Angeles  County, 

titiid«*,  lU^  IB';  lonf^tude,  118«  1.5';  elevation,  330  feet.    Authority,  Sii^nal  Service  and  Weather 

Bureau.] 


Ytiar. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

2.25 
7.19 

Mar 

Apr. 

0.97 
0 

May. 

0.10 
0 

June. 

July. 

0 
0 

Aug. 

Total. 

-7'^ 

0.43 
.05 

0 
0 

0.22 
1.06 

«3.97 

-73 

0 

0 

0 

4.42 

2.(18 

'   14.80 

74 

0 

0 

0.74 

5.74 

5.61 

9.77 

1.09 

.45 

.42 

0 

0 

0 

23.72 

-75 _- 

O.OH 

1.81 

1.89 

.20 

17.22 

.15 

.22 

.07 

.06 

0 

0 

0 

21.67 

-76 

0 

0 

7.57 

.82 

6.54 

7.92 

3.41 

.45 

.(B 

0 

0 

0 

26.74 

^77 

0 

40 

0 

0 

3.48 

.01 

.83 

.26 

.:« 

0 

0 

0 

5.28 

-78 

0 

86 

.45 

3.93 

:i.'ii 

7.68 

2.57 

1.71 

.66 

0.07 

0 

0 

21.26 

-79 

0 

.14 

0 

4.70 

3..W 

.97 

.49 

1.19 

.24 

.08 

0 

0 

11.35 

UW) 

0 

93 

3.44 

6.58 

1.33 

1.56 

1.45 

.5.06 

.04 

0 

T. 

T. 

80.84 

U81 

0 

.14 

.67 

840 

1.43 

.36 

166 

:46 

.01 

0 

0 

T. 

13. 13 

-«J 

T. 

.82 

.27 

.52 

1.01 

266 

2.66 

1.83 

.63 

T. 

0 

0 

10.40 

r^i 

T. 

.05 

1.82 

.08 

1.68 

3.47 

2,87 

.15 

2.02 

.03 

T. 

0 

12.11 

!-^ 

0 

1.42 

0 

2.56 

3.15' 

13.37 

12.36 

3.58 

.39 

1.39 

0.02 

.OB 

88.26 

^5 

T. 

.30 

1.07 

4.65 

1.06 

.01 

.01 

2.01 

.06 

T. 

T. 

T. 

9.25 

.-815 

.05 

30 

5.55 

1.65 

i.  its 

1.41 

2.52 

2.32 

,01 

.11 

.27 

.21 

22.18 

^7 

.11 

.02 

1.18 

26 

.20 

9.25 

.29 

2.36 

.20 

.07 

.07 

T. 

14.01 

'  W 

.18 

.17 

.80 

2.68 

tt.04 

.80 

3.17 

.12 

.06 

.01 

.04 

.10 

14.16 

u«>. 

.03 

.40 

4.U2 

6.26 

.25 

.92 

6.48 

.27 

.65 

.01 

T. 

.28 

19.57 

^90 

.34 

6.96 

1.85 

15.80 

7.8:^ 

i.:« 

.66 

.22 

.03 

.(B 

0 

.m 

84.00 

^91 

W 

.03 

.13 

2.38 

.25 

8.56 

.41 

1.26 

.31 

0 

T. 

0 

13.38 

-92 

.06 

0 

0 

1.99 

.88 

3.19 

3.39 

.22 

2.06 

.06 

0 

.01 

11.86 

J^9:i 

0 

.:« 

4.40 

4.18 

6.29 

2.27 

8.52 

19 

.06 

(W 

0 

0 

26.27 

HM. 

T 

.75 

.20 

3.ft5 

.94 

.49 

.:^ 

.13 

.20 

T. 

T. 

.01 

6.74 

1-95 

.73 

.ce 

0 

4.62 

5.84 

.46 

3.77 

.46 

.19 

01 

T. 

T. 

16.10 

i-9»> 

T 

.24 

.81) 

.78 

3.23 

T. 

2.97 

.19 

.:«) 

T. 

.08 

.01 

8.54 

^97 

T 

1.30 

1.06 

2.12 

3.70 

5.62 

2.31 

.02 

.10 

T. 

T. 

0 

16.83 

r-as 

0 

2.47 

.01 

05 

1.26 

.61 

.98 

.(B 

1.75 

T. 

An 

T. 

7.13 

*-99 

(tt 

.09 

T. 

.12 

2.64 

.04 

1.81 

.18 

.04 

.58 

« 

.01 

5.63 

^-1900 

T 

1.59 

.90 

.90 

1.17 

T. 

.  9B 

.54 

1.81 

T. 

T. 

T 

7.90 

H901   .... 

/T 

.26 

6.53 

T. 

2.49 

4.38 

.45 

.68 

1.50 

T. 

T. 

.09 

16.88 

12 

.03 

1.88 

46 

0 

1.62 

3.35 

2.  Ho 

.16 

.(« 

T. 

0 

0 

10.51 

^f*&i"  in^tfin 

i 

16.00 

a  Year  incomplete. 
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Record  of  precipitation  at  Magic  Hill,  No.  J,  Los  AngHa  Couid$. 
[Latitude,  34«  9Sf\  lon^tnde,  118«  22';  elevation,  2.820  feet.    Anthoriiy,  B.  L.  HiilcfaiBa.Bsrki; 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

1897-88 

...... 

0.10 

0.30 

1808410 

3.12 

.or. 

1880-1800 

2.25 

1.07 

1.20 

1900-1901 

.54 

.71 

6.53 

0 

Jan. 

025 
l.OO 
1.34 
6.71 


Feb. 


May.jJime.  JiiIj.,1t«  '  '- 


0.29  1 1.80. i.s Use  ^:» 

1.65  1    .05      0       ?  •' 

I 

4.40      .OS      .W     "  ♦ 


l.TO       .57 


'Z> 


«  Year  incomplete. 


fr  Record  stopped. 


Record  of  precipitation  at  Manzana,  Lo9  Angeles  County. 
[Latitude,  84'>  4.V;  longitude,  118«  35';  elevation,  2,850  feet.    Authority.  E.  A  SOrer 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

0.3R 
1.36 

1 

Apr.  . 

T. 
0.08  ' 

May.  June. . 

1 

0.35    0.17 
T.        0 

July.  Aofr  T  • 

1883-04 

0.21 
2.  TO 

0.37 
0 

0     n.l' 

1884-95 

0.49 

0 

0 

3.60 

0        6      • 

1885-99 

0 

0.40 

0.48 

.18 

1.08 

0 

l.TO 

.63 

T. 

0 

0       .P     ' 

1886-97 

0 

.61 

.30 

1.46 

2.70 

3.04 

1.71 

.04 

.0! 

T. 

T.      .*    ' 

1897-98 

0 

.21 

T. 

.14 

.63 

.02 

.47 

0 

.24 

0 

ft       •• 

1888-99 

T. 

0 

0 

.50 

1.15 

T. 

1.35 

.04 

.08 

.04 

0        1* 

1888-1900 

0 

1.27 

.71 

.28 

1.11 

.10 

.    .98 

.42 

.»; 

0 

0         * 

1900-1901 

.10 

.08 

2.55 

0 

3.20 

6.68 

.25 

.61 

.12 

0 

0        .«    '■' 

1901-2 

T. 

2.02 

.20 

T. 

• 

.67 

1.52 

1.14 

0 

.15 

1 
1 

0       t' 

8-year  mean 

1 

a1?ear  incomplete. 

Record  of  precipitation  at  Mount  Lotoe  {Echo  Mountain  post-office) ,  I/n.^^^f 

County, 

[Latitude,  34°  15';  longitude,  118«  07';  elevation,  3,200  feet.    Authority,  Louis  Swift  m1  Li^' 

Larkin.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

2.85 
6. 42 
1.55 
3.29 

Feb. 

0.10 

7.47 

2.22 

0 

Mar. 

4.10 
6.67 
1.65 
3.40 
2.90 
1.18 
5.97 

Apr. 

May. 

June.  July  Ak 

1896  96 

1.35 

2.17 

.22 

.96 

0.00 
.10 
2.70 
.20 
2.15 
1.14 
1.35 

0.80 

2.17 
1.90 
4  05 

0      0 

1896-97 

1897-98 

1898  99 

1899^1900 

0 

0 

0.25 

0 

.25 
0 

...... 

2.39 
2.57 
.30 
3.00 
1.66 
4.18 

1.65 
.40 
0 

2.85 

11.71 

1.05 

0.10  ai5    ' 

0         0       '• 

.40      i)       " 
in      T.      V 

19(J0^1901 

1901-2 

0 
.23 

7.65 
1.88 

5.42 
a48 

4.45      .75      n      " 
.S3  .    .30      0 

5-year  mean. 

- 

... 

1 

1                         '                       ^ 

a  Year  incomplete. 

Record  of  precipitation  at  Motint  Sister  Elsie,  Los  Angeles  Connti 
[Latitude,  34^  17';  longitude,  118«  W;  elevation,  5,021  feet.    Authority,  L.  T.  Rowley,  MotV^* 


Year. 

Sept. 

1 

'Oct. 

1 

1 

Nov. 

Dec. 

Jan. 

2.95 

.85 

8.92 

Feb. 

0.12 

0 

12.13 

Mar. 

8.37 

1.87 

.96 

Apr. 

May.iJnne. 

Jnly-i  AS?  ' 

1 

1898-99 .... 

0.68 
1.80 
3.60 

0.08 

ao2 

LOB 

a78 

0 

0       " 
0      T 

• 

1899-1900 

1900-1901 

0.35 
.09 

2.10 
.81 

1.34 
6.70 

0.41 
0 

o"" 

reari] 

acompl 

ete. 

clU 

M»rdd 

iaoont 

inued 

« 

PI5fC?€>TT.] 
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Record  of  precipitation  at  Newhally  Los  Angeles  County, 
titnde,  34«  25';  longitude,  118*  S^;  elevation,  1,388  feet.    Authority,  Pacii^  Railway  System.] 


Year. 

— T7 

-7« 

-79 

Mil* 

>-^l 

«f 

V-Ki 

\r^4 

k-H5 

M« 

^h-7 

r-w 

MW 

»^9l> 

0-91 

l-9g 

:?-«« 

»-W 

4-95 

6-96 

6-97 

7-9H 

K-99 

I9-19U0. . . 
*M901... 

rt-2 


Sept.  Ck;t.     Nov. 


0 
0 
() 
0 
0 
0 
0 
0 
U 
0 
0 

0 

0 

.35 

.13 

0 

U 

.m 

0 

0 
C) 

.14 
0 
0 
.10 


year  mean 


0 
0.03 

0 

.37 

0 
1.23 

.16 

.16 

.00 

0 

0 

.65 

.40 
(2.50) 

0 

0 

.30 

.72 

0 

.10 
1.56 
1.00 

0 
1.6B 

.08 

2.ae 


0 

o.:e 

0 
3.10 

.» 

.12 
1.20 

0 

1.10 
9.01 

.87 
1.46 
8.60 
3.36 

0 

0 
4.72 

0 

0 

1.00 
1.00 

0 

0 

.90 
5.24 

.70 


Dec. 

0 

1.45 
2.83 
9.23 
6.22  _ 

4.21  ; 

0 

3.34  I 
3.89  I 
2.25 

.21  I 
4.26^ 
5.64 
15.70 
1.94  I 
2.12  ' 
4.16 
3.90 
7.69 

.11 
2.23 

0 

.64 

0 

0 


Jan. 

1.56 
3.78 
2.25 

.10 

.67 

.43 
1.96 
6.66 

.47 
6.22 

0 
6.74 

.35 
0.30 

.81 
1.32 
3.91 

.85 
7.11 
2. 15 
4.86 

.45 

2.7r 

.  89 
6.13 
1.00 


Feb. 


T. 

8.28 

.62 

2.25 

.06 

2.36 

2.96 

14.53 

0 

.69 

12.38 

1.17 

(.08) 

4.41 

3.(^ 

1.34 

.29 

.31 

.15 

6.08 

3.14 

0 

0 

6.14 
2.90 


Mar. 


Apr. 


I 
May.  June. 


0.43 
1.02 

0 

1.08 
1.7D 
4.71 
3.07 
9.73 

.07 
3. 11 

.15 
4.21 
9.39 

.44 

.88 
4.07 
7.90 

.62 
3.66 
4.04 

3.  as 

0 

1.98 
1.97 

.13 
2.53 


0.60 

1.46 

1.52 

3.39 

.34 

.93 

0 

3.&5 
1.75 
4.27 
1.96 
.29 
.40 

.3:j 

1.28 
.06 
.47 
.15 
.39 

1.08 
0 

.10 
.08 
.25 
.74 


0.56 
.15 
.06 
0 
0 
0 
2.28 
2.17 
0 
0 

.10 
.04 
.56 
(0.00) 
.66 
;  2.(J« 
.34 
.66 
0 

.3t) 
.08 
.93 
0 
1.31 
1.62 
0 


0 
0 
0 
0 
0 
0 
0 
1.67 
.06 
T. 
.08 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.25 
0 
0 
0 


July.' Aug.  TotaL 


0 
0 
0 
0 
0 
0 
0 
0 
0.00 
0 
0 
0 
0 
0 
T. 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o.ao 

0 

0 

0 

0 

0 

0 

.25 

0 

0 

0 

0 

0 

0 


8.05 
11.44 

6.77 
19.52 

9.16 
13.99 
11.62 
42.11 

7.96 
24.56 
15.70 
18.84 
21.60 
33.04 
16.89 
12.80 
23.14 

7.19 
19.86 

9.12 
18.12 

5.62 

5.44 

7.60 
19.08 

9.89 


15.10 


N<)TB.— February  and  October,  1889,  and  May,  1890,  entimated  by  War  Department. 

Record  of  precipitation  at  Pabndale  (Heatlworks) ,  Los  Angeles  Connty, 

[latitude,  34<>  25';  longitude,  118°  iXf;  elevation,  3,299  feet.    Authority,  Burt.  Cole  and  8.  T. 

Berkley.] 


Yeor. 

Sept.' 

(>c^t. 
T. 

Nov. 
0.75 

Deo. 
0.10 

Jan. 
1.00 

Feb. 
T. 

Mar. 
2.50 

Apr. 
T. 

May. 

June. 
0 

July. 
0.25 

Aug.  Total. 

95-96 

T. 

0 

i.:« 

5.95 

96-97 

0.32 

1.42 

.43 

.98 

8.78 

3.71 

1.31 

0.04 

o.ae 

0 

.(j8 

1.57 

13.91 

B7-9H 

T.    1 

.86 

0 

.14 

2.38 

.07 

.90 

0 

.21 

0 

.02 

.05 

4.63 

08^99 

0 

0 

T. 

.87 

1.00 

.31 

.97 

0 

0 

0 

0 

0 

3.15 

99-1900.... 

0 

1.28 

'  .27 

.32 

.66 

0 

.80 

.57 

.76 

0 

0 

0 

^     4.66 

00-1901 

0     . 

.20 

1.79 

0 

1.34 

4.50 

.38 

.15 

T. 

0 

0 

.33 

8.69 

01-2 

T. 

.32 

.04 

0 

1.17 

1.08 

1.96 

.20 

0 

T. 

0 

0 

4.77 

year  mean 

6.86 

'  '  1  '    1        i        1                1        1        1 
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Vi  ' 


Reroni  nf  preeipiintion  at  San  Fenuinth)^  Lox  AngeU*  County. 
[Latitada,  34«  16';  IcMiKitude,  UH*  «';  elevation,  1,0«  feet.    Authority,  Pftriflr  Bailw»y  ^v- 


Year. 

Sept. 
0 

Oct. 

Nov. 

1 

'  Dec. 

1 
2.36 

Jan. 
4. 15 

Feb. 

Mar. 
2.CK 

Apr. 
2. 65 

May. 

1 
Jane. 

July.  Avg  T'* 

IH77-78 

0.04 

0.48 

6.89 

o.:s 

0        u       "t 

1878-79 

0 

.16 

.09 

1.20 

3.97 

.86 

.18 

1.41 

0 

0 

11        a       •'■ 

1879-80 

0 

.Xi 

2. 15 

6.29 

.95 

2.00 

1.14 

2.97 

0 

0 

II      J     .:  • 

1880^ 

0 

0 

.86 

4.72 

1.28 

.34 

1.75 

.50 

0 

0 

II        II       J  i 

1881-© 

0 

.C5 

.16 

;    .32 

.62 

1.70 

3.21 

1.56 

.10 

0 

0      t<      *  •: 

188l^«l 

0 

.28 

.68 

0 

1.32 

3.17 

1.30 

.13 

2.12 

0 

U         <         !" 

1883-84 

0 

.70 

0 

2  76 

3,00 

10.60 

10.51 

3.48 

1.05 

2.(1U 

(1       «l 

1884^85 

0 

.42 

l.(« 

4.96 

.BO 

0 

T. 

1.48 

.21 

0 

0      «i      •  ■ 

1885-86 

0 

0 

7.94 

1.17 

6.70 

T. 

3.% 

a39 

0 

n 

(Xl»    T      t" 

1886-87 

0 

.78 

.87 

.24 

.21 

8.54 

.27 

2.52 

T. 

0 

0        I'      ,  - 

1887-88 

.04 

.22 

.90 

1.41 

5.09  < 

1.39 

3.40 

.44 

0 

0 

0      1     ■-;- 

1888-«9 

0 

36 

3.24 

5.40 

.09 

.63 

8.95 

.56 

.4:) 

0 

41      II .».    > ' 

18»»-fl0 

ae 

6.17 

1.60 

14.40 

5.40 

2.72 

.5:3 

.(« 

.10 

0 

(1      II     :  ? 

1880-91 

.36 

0 

.18 

1.61 

.30 

6.92 

1.2:i 

.96 

.98 

0 

It      II       >i 

1891-92 

.12 

0 

0 

1.03 

.5i   ' 

2.5:i 

2.65 

.21 

1.68 

1) 

U         ti 

189JJ-98 

0 

.40 

1.48 

4.40 

2.63 

3.67 

6.93 

.56 

.fK 

() 

0         >•      J  ' 

1898-94 

0 

.61 

.(ft 

2.23 

.50, 

.61 

.75 

M 

.32 

0 

u        »         ♦ 

1894-96 

0 

.02 

0 

6.KS 

7.62 

1.11 

3.72 

.55 

.28 

0 

0         u       ..  - 

1895-96 

0 

.21 

.90 

.61 

2  42  ' 

.06 

3.32 

.29 

.15 

(1 

0          »      '* 

1891^-97 

« 

1.48 

.96 

2.12 

5.39 

5.58 

2.88 

« 

0 

0 

0        I       >' 

1897-98 

0 

1,66 

0 

0 

1.42  1 

-57 

.86 

.10 

1.42 

0 

.i:    "    '* 

1898-99 

.10 

.26 

0 

.20 

1.29 

0 

1.45 

0 

T. 

.6H 

II     1' 

1899-1900 

0 

1.65 

.82 

1.04 

1.81, 

0 

1.45 

.» 

1.87 

0 

0      1'      •* 

191)0-1901 

T. 

.14 

6.19 

0 

4.17 

5.20 

.15 

.72 

.62 

0 

0         t'       '■ 

1901-2 

T. 

1.40 

.60 

0 

1.05 

2.72 

2.80 

.29 

0 

0 

0       "      *  ■' 

85-year  mean 

•   * 

' 

1 

Record  of  precipitation  at  Sav  Oabriel  Electric  Company* a  j>otrfT /»<>«*'. -1-'* 

Los  Angeles^  County, 

[Latitude,  34°  (»';  longittide,  117'>  54';  elevation,   1,000  feet.    AnthoHty,  San  0«brkl  T-  ' 

Company.  J 


Year.         Sept. 


1900^1001. 
1901-2.... 


0.19 
;     0 


2-year  mean.' 


Feb.  .  Mar. 

asi  i    0.58 
3.08  I    4.09 


Apr.  May.  Jnw*.  July.  Aas  T  - 


0.14       0       »      ' 


Record  of  precipitation  at  San  Galrriel  Electric  (^omjtany'n  headgate.L**-^"^' 

County, 

[Latitude,  34°  13';  lonjfitude,  1 17^  52';  elevation,  1,100  feet.    Authority,  San  Gabriel  !>  ^ 

Company.] 


Year. 

Sept. 

Oct. 

0 

4.58 

Nov. 

11.25 
1.08 

Dec. 

0 
.18 

1 
Jan.     Feb.     Mar. 

1 

Apr. 

May.June.JttlT  At*  ^ 

1900-1901 

1901-2 

0.10 
0 

6.44  1    5.09      0.48 

1.88  1    3.61  1    6.24 

1 

1.15 
1.35 

2.90  '     «         0     "'C    ■ 
.10,    .19      0       " 

2-y oar  mean. 

-   ■•••"" 

1                                                                                            - 

■PIXCOXT.J 
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cnrd  *  if  precipitation  at  Sari  Gabriel  Electric  Company's  Sierra  poxcer  house, 

Los  Angeles  County, 

Liatitude,  »♦«»  i;r;  lonjfitude,  117°  ^K;  elevation,  2,7«)  feet.    Authority,  San  (Gabriel  Electric 

Company.] 


Year. 

1 

Sept.  ()ct. 

1 

1 

Nov. 

Dec 

Jan. 

Feb. 

Mar. 

Apr. 

0.9B 
1.18 

May. 

June. 

0.01 
.11 

July. 

Aug. 

Total. 

t»-lM)l 

10.35 
1. 13  , 

8.15 
3.45 

0.78 
7.53 

2.78 
.20 

0 
•08 

0 
0 

a22.48 

1-2 

0       3.99 

1 

0.97 

O.M 

19.78 

a  Year  incomplete. 

Recoini  of  precipitation  at  Coulterville,  Mariposa  County. 
[Latitade,  37<>  43";  longitude,  1^0»  1^;  elevation,  1,600  feet.    Authority,  N.  C.  Ray.] 


Yeax. 

'sept.  Oct. 

Nov. 

Dec. 
2.04 

Jan. 

1 
Feb. 

0.46 

Mar. 

!                            i 

Apr.    May.  June.  July. 

Aug. 

Total. 

»c«) 

0          0 

0.76 

4.69 

8.86 

0.53    0.34 

0.97 

0 

0 

18.64 

W-1900 

0       4.37 

5.70 

3.32 

2.01 

.60 

1.47 

2.90 

1.14 

.33 

0 

0 

21.84 

M)-vnn 

0.18     3.82 

8.27 

1.39 

4.99 

8.04  . 

1.28 

.66 

8.29 

T. 

T. 

T. 

31.92 

n-2 

1.35     1.92 

2.09 

1.39 

1 
1 

■ 

0 

0 

0 

0 

0 

.09 

0 

T. 

6.82 

rear  mean. 

.-.._.. 

19.81 

. 

1 

. 

Record  of  precipitation  at  Yosemitey  Mariposa  Comity, 
[Latitude,  37°  4o';  longitude,  119*'  35';  elevation,  4,063  feet.    Authority,  Oalen  Clark.] 


Year. 


96-97 1  086 


1.36  I    6.19 


Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

9.33 

6.62 

11.63 

16.32 

0.40 

0.62 

0.16 

Aug.  Total. 


i  163. 88 


o  Year  incomplete. 

Record  of  precipitation  at  Camp  Wright ,  Mendocino  County. 
Latitude,  39°  45':  longitude,  123°  OO';  elevation,  1,800  feet.    Authority,  U.  S.  War  Department.] 


YVBT. 

Sept. 



0.03 

Oct. 

_•  _ 

0.86 

Nov. 
6.19 

Dec. 

Jan. 

Feb. 

4.88 

Mar. 

Apr. 

May. 

June. 

July. 
0 

Aug. 

Total. 

164-65 

12.20 

3.64 

3.67 

0.86 

0.43 

0 

0 

82.15 

HS5-^       

.81 

.87 

16.67 

2.05 

16.88 

4.30 

11.80 

1.06 

a58.88 

B6-«7 

0 

0 

6.92 

24.67 

8.92 

7.85 

2.38 

3.10 

.01 

0 

0 

0 

62.85 

J67-68 

1.56 

3.75 

6.38 

29.08 

8.61 

5.89- 

9.11 

3.25 

.71 

1.58 

0 

0 

69.87 

W8-« 

.05 

.25 

2.79 

6.63 

13.67 

4.13 

8.80 

4.61 

.65 

0 

0 

0 

86.28 

«»-7() 

1.42 

.84 

6.38 

8.06 

7.08 

6.61 

2.40 

2.02 

.39 

0 

0 

0 

84.15 

<70-71 

0 

0 

1.28 

1.19 

2.66 

4.60 

7.10 

i.ir: 

1.96  1     0 

0 

0 

19.86 

<;\-TZ 

.50 

.31 

4.03 

16.64 

11.52 

19.78 

5.34 

.66 

.12 

.04 

0 

0.20 

59.14 

^72-13 

0 

.36 

6.20 

7.24 

3.55 

6.92 

2.91 

1.13 

.04 

.30 

0.10 

0 

27.75 

C:i74 

.05 

.34 

4.98 

16.60 

12.94 

5.46 

7.26 

3.72 

1.16 

.26 

.01 

0 

51.68 

^74- 75 

" 

5.61 

12.99 

2.27 

9.83 

1.06 

1.76 

.59 

2.82 

0 

0 

0 

86.48 

D-yearmean 

42.02 

i  ' 

a  Year  Inoomplete. 
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»«• 


Record  of  precipitation  at  Alturas^  Modoc  County. 
[Latitude,  4P  ^XX;  lon^tude,  VAY'  93f\  elevation,  4,3U0  feet,     Anthority,  J.  H.  Stewart; 


Tear. 
lflOl-2.... 


Sept. 


Oct.    Nov. 


0.83      0.74 


Dec. 
1.21 

Jan. 
0.01 

Feb. 

Mar. 

Apr. 

Biay. 

1 
June. 

Jnly. 

.  X'Ofi.  TftL 


2r« 


JRecord  of  precipitation  at  Fort  Bidtr>en,  Minioc  iUtunty. 

(Latitude,  41°  Xr;  louifitude,  ia»°  11';  elevation,  4,640  feet.    Authority,  TJ.  S.  War  Dieiaaits&c: 


Year. 


1867-68. 

1808-60 

1869-70. 

1870-71 

1871-72. 

1872-73. 

187:^-74. 

1874-75. 

1875-76. 

1876-77. 

1877-78. 

1878^79. 

1879  80. 

1880-81. 

1881-82. 

188283. 

1883-84. 

1884-85. 

18W,-86. 

1886-87. 

1887-88. 

1888-89. 

1889-90. 

1800-91. 

1891-92. 

1893-93. 


Sept.,  Oct. 


Nov 


0 

2.80 
.20 
.45 
0 
.20 

1.18 
.40 
0 
0 
0 

.10 
.70 
.10 
.(K 
.24 
.48 
0 

1.40 
.09 
0 

.05 
.33 
0 

i.eo 

.13 
.91 


1.00 

3.50 

.80 

3. 10 

.10 

.80 

0 

2.37 

.(W 

2.29 

.20 

.79 

.46 

1.69 

.63 

1.14 

.99 

2.74 

1.80 

2.62 

1.99 

4.32 

.80 

3.ai 

.:» 

.25 

1.34 

1.75 

.50 

M\ 

3.55 

2.87 

2.7!^ 

.»> 

1.18 

1.14 

.73 

T. 

.75 

8.46 

1.30 

1.06 

0 

.38 

.20 

2.08 

3.61 

2.20 

.10 

0 

.19 

1.57 

1.28 

3.12 

27-y  oar  mean 


Dec. 

5.80 
8.20 
.90 
2.30 
9.10 
3.25 
1.94 

3.a> 

.13 
1.54 
2.06 

.:r> 

.21) 
tt.«) 
6.09 
3.40 
1.4< 
1.06 
6.81 
3.74 
4.25 
2.40 
3.2B 
8.78 
1.00 
2.76 
2.64 


I        ,     *-r- 


Jan.     Feb.  |  Mar.  ,  Apr.  '  May.  Jane.  Jnly.  Aog  Tol 


12.00  ' 
3.50  I 
2.50  , 

12.  n  I 
1.23  I 
1.16  , 

1.51 
2.10 
3.57 
9.% 
.75 
3.91) 
3.10 
10.00 
3.44 
2.52 
1.14 
2.00 
5.78 
3.31 
3.28 
2.81 
7.45 
.60 
.79 
2.60 


4.80 

.40 

.40 

5.40 

3.26 

3.97 

1.66 

1.08 

.07 

.38 

3.30 

4  ^> 

2.63 

3.80 

6.00 

2.82 

.64 

2.96 

1.82 

2.16 

4.85 

1.81 

.20 

3.97 

3.98 

1.20 

2.92 


6.70 
4.00 
2.36 
3.21 
3.21 
1.32 

.60 
1.06 
2.15 

.80 
4.10 
2.35 

.95 
3.36 
1.50 
1.46 

.77 

.72 

.04 
1.48 

.97 
3.28 
7.31 
3.97 
3.83 

.69 
1.60 


1.30 

.00 
1.55 
1.41 

0 

•  TT 
2.06 
1,12 

.4& 

.53 
S.U 
1.05 
1.00 
5.60 
3.02 
1.72 
1.56 

.68 
3.46 
2.90 
1.96 

.16 
1.06 

.as 

1.39 
2.28 
1.88 


O 
2.  HO 

.70 
2.K7 

1.K8  I 

.64  I 
1.30 

.96  I 
4.06  ' 

-*e  ! 

.40 
38 

84  : 

30  ! 

40 

99 

44 

47 


1. 
1. 


1 

1. 

1. 


1.30 
1.62 
1.07 
1.57 
1.57 
1.06 


o.eo 

4.10 
.20 

1.36 
.16 
.06 
.10 

1.06 

1.00 
.43 

2.10 
.20 
.15 
.26 

1.39 
.38 
0 

4.29 

1.06 
.78 
.73 

2.38 
.78 
.33 

2. 78 

1.46 
.01 


aw '  1.*' 


.3> 

.TO 

.:« 

0 
.14 

.ns 

0 
0 
.10 

.» 

.15 
.72 

„"' 

0     1 

.67 
1.3B| 

.41 

.18 

.34  1 

0 

.05 
155! 

.15 

.50 

I 

i' 


I) 

.46 

.ce 

s 

il 

.*: 

0 
.H 

.e 

.If 

it 

11 

i: 

M 

.fl 

.••4 
0 

.iS 
.11 

.« 


3.5 

^* 

lis 

!•  :" 

It'i 
US 
?* 

Xl 
3  < 


55 


3'.: 

ST 


PPINCOTT.] 


BAINFALL   TABLES. 
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Record  of  precipitation  at  Jolon,  Monterey  County. 
[Liatitude,  38»  (W;  lonKitude,  121«  15';  elevation,  960  feet.    Authority,  P.  T.  Tidball.] 


Year. 

Sept. 

Oct. 
0.25 

Nov. 

Dec. 

Jan. 
1.25 

Feb. 
0.85 

Mar. 

Apr. 

May. 

June. 
0 

July. 

Aug. 

Total. 

i-Xi 

0.50 

2.05 

2.75 

5.05 

0.75 

2.45 

0 

0 

15.90 

3-M 

0 

.flO 

0 

1.00 

5.75 

7.56 

9.03 

3.35 

.50 

0.60 

0 

0.25 

28.63 

4-85 

0 

2.60 

.60 

4.09 

2.31 

T. 

T. 

2.15 

0 

0 

0 

0 

11.76 

M^e 

0 

.10 

18.15 

2.42 

8.51 

.86 

2.37 

4.01 

0 

0 

0 

0 

31.42 

H-xr 

0 

.:«> 

.48 

,61 

.57 

8.52 

.38 

1.11 

.40 

T. 

0 

0 

12.42 

T-8R 

.« 

.21 

.94 

4.42 

5.64 

.16 

4.81 

0 

.37 

.01 

T. 

0 

16.77 

*iH» 

.eo 

0 

5.64 

4.48 

1.2.5 

1.40 

9.65 

.50 

1.12 

0 

0 

0 

24.74 

ft-«» 

0 

7.38 

4.00 

11.42 

6.58 

4.58 

2.50 

05 

.30 

0 

0 

.08 

80.94 

«ftl 

.90 

0 

.57 

2.25 

.55 

8.75 

.90 

.94 

.(K 

T. 

(.00) 

(.00) 

14.97 

tl  92 : 

T. 

(.14) 

.08 

2.99 

.84 

1.78 

2.31 

.33 

2.25 

T. 

0 

0 

10.66 

e-93 

0 

.23 

6.40 

6.61 

3.8:3 

3.29 

5.30 

1.35 

.    .22 

0 

0 

0 

27.23* 

BW 

0 

T. 

.1.-1 

2.31 

1.48 

.68 

.46 

.22 

1.35       .52 

0.05 

.05 

7.27 

^S16 

1.30 

.75 

.:«) 

8.:» 

6.16 

.32 

1.68 

.85 

.02       0 

0 

0 

19.58 

r>-9B 

.08 

'  -[.m 

.He 

.fiO 

8.14 

.03 

2.61 

3.62 

.09 

0 

.10 

.08 

17.96 

»-»7 

.(B 

'    .75 

1 

3.20 

2.11 

4.61 

2.50 

3.54 

0 

0 

.08 

•  0 

.08 

16.86 

rr-w 

.15 

'     .43 

.13 

.46 

.K'i 

2.10 

.00 

.07 

.52 

T. 

0 

0 

5.30 

W-99 

.:*) 

.Irt 

.24 

.40 

4.55 

.13 

4.31 

1.74 

.17 

T. 

0 

0 

12.00 

w-i«cjo 

0 

2.10 

1.50 

2.30 

3.(B 

.11 

l.(JO 

.68 

1.18 

0 

T. 

0 

11.90 

IM901 

0 

.  2.0U 

7.53 

.5ii 

4.84 

6.21 

2.58 

2.10 

.33 

0 

T. 

0 

26.12 

H  2 

.(« 

,  i.ie 

1.60 

« 

.99 

6.49 

3.08 

1.28 

.08 

0 

0 

0 

14.  ;7 

year  mean 

1 

18.  Id 

i 

^iecitrd  of  precipitation,  at  Matthewn  Ranch,  near  King  City,  Monterey  County. 
[Latitudes :«°  15';  longitade,  121»  (MY;  elevation,  333  feet.    Authority,  J.  L.  Matthews.} 


Year.        Sept.   (X-t.     Nov. 

I  ' 


ril-2. 


1.37 


0.10 


Jan. 
0.71 


Feb. 

Mar. 

Apr. 
0.81 

1 
May.  June. 

July. 

Aug. 

Total. 

3.74 

2,38 

9.11 

1 

Record  of  precijntation  at  Priests  Valley,  Monterey  Cminty, 

^titude,  86°  12';  longitude,  120^  AW\  elevation,  2,250  feet.    Authority,  A.  J.  Myera  and  Mrs. 

Martin  Qriffln,  Soledad.] 


Year. 

Sept, 

Oi'X. 

Nov. 
0.36 

Doc. 
0.34 

Jan. 
4.01 

Feb. 

Mar. 

Apr. 
1.33 

May. 

0.52 

June. 
0 

July. 
0 

Aug. 
0 

Total 

19K99 

0.13     0.17 

0 

5.30 

12.16 

®»-lflOO 

0     '  3.61 

1.82 

2.81 

2.53 

0.16 

2.37 

1.17 

1.23 

0 

0 

0 

15.70 

WO-lWl 

0       2.50 

7.98 

.64 

6.27 

9.51 

.80 

2.44 

1.59 

0 

0 

0 

31.13 

Wl  2 

0 

2.57 

2.08 

.66 

.70 

5.42 

3.00 

1.84 

.24 

0 

0 

0 

17.11 

year  mean 

19.18 

\ 
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CALIFORNIA    HYDBOOBAPHY. 


t-      '■ 


Revitrd  of  precipitation  at  Salinas  Vity^  Monterey  Vminty. 
[Latitude, :«'  41':  lon(ritiid«,  l^l"  38':  elevation,  45  feet.    Authority,  I>r.  E.  K  Abbnct. 


Tear. 

Sept. 

(k-t. 

Nov. 

D*M-. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

'julT. 

0 
U 

AlV 

(i 
u 

T-i 

1871-72 

. 

18W-73 

0.01 

0 

0. 

6.80 

8.40 

2.40 

0.80 

0 

0 

0 

,  •_ 

187^^74 

.10 

0.10 

0.90 

4.25 

3.42 

0 

2.15 

0.95 

0 

0 

0 

n 

L 

1874-75 

0 

1.83 

1.42  1 

0 

4.60 

.15 

.69 

0 

0 

u 

0 

ii 

•    •■ 

l87S-7« 

0 

0 

5. 17 

1.98 

6.16 

3.55 

4.62 

U 

0.01 

0 

u.io 

11 

r.*" 

1876-77 

.(T» 

l.W 

.(» 

0 

2.54  , 

.16 

.30 

.10 

.40 

0 

u 

II 

«'• 

1877-78 

0 

.12 

1.00  ' 

2.39 

7.05 

8.77 

2.57 

1.98 

0 

0 

0 

{• 

iJ» 

1878-79 

.(» 

.on 

.20 

.35 

2.42 

2.81 

1.85 

1.09 

.88 

0.15 

II 

fl 

!'  ■» 

187^^ 

0 

1.05 

1.08 

2.23 

1.65 

1.16 

1.64 

3.90 

.46 

0 

0 

Q 

• 

im\-si 

0 

0 

.57 

5.53 

3..% 

2.32 

1.26 

.06 

0 

.3» 

0 

U 

• 

^881-82 

188£<83 

.10 

.28 

.67 

1.24 

1.78 

2.31 

4.88 

1.01 

.49 

.19 

(1 

II 

.:> 

.38 

1.43 

.65 

l.ftj 

.91. 

.95 

2.26 

1.28 

1.9S 

0 

0 

i'l 

* 

1883-84 

.19 

1.19 

.25  1 

.90 

1.71  : 

4.49 

5.09 

3.06 

.72 

2.66 

0 

II.  l> 

?i 

1884-85 

.11 

1.79 

.28  . 

4.4S 

1.09 

.06 

.19 

1.21 

.12 

0 

0 

fl 

1 

J 

l8K>-86 

.02 

.08 

G.60  ; 

1.30 

5. 10 

1.47 

2.16 

3.83 

0 

0 

0 

1 
II 

;  • 

1886-87 

0  • 

.02 

•«5, 

.72 

.75  1 

4.73 

.54 

1.63 

.07 

0 

0 

n 

. ,. 

1887  W 

.71 

0 

.98  1 

2.16 

4.15 

.5:1 

3.28 

0 

.89 

0 

0 

0 

- 

1888-89 

.56 

0 

1.64 

2.20 

,Wi 

1.65 

3.31 

.95 

.68 

0 

0 

1     « 

i.^ 

1889  «) 

0 

4.21) 

2.41  1 

8.90 

5.99 

3.06 

1.79 

.00 

.65 

0 

l> 

u 

;'  * 

189()-91 

0 

.29 

.44 

2.05 

.69 

4.40 

.43 

2.53 

.:« 

0 

II 

11 

1 

1891-92 

.12 

.17 

.3!) 

4.06 

.44 

1.57 

2.78 

.85 

.65 

0 

0 

11 

» 

1892-98 

.08 

.68 

4.09 

2.13 

i.o: 

2.91 

5.14 

.91 

0 

<l 

0 

11 

■>     • 

1898-94 

0 

.Hi 

.66 

1.5') 

5.17  ' 

3.36 

.^ 

.53 

1.57 

-26 

o 

<i 

4 
t  - 

1894-96 

1.16 

.87 

.41 

5.35 

5.10 

1.41 

2.07 

.94 

.40 

0 

0 

u 

* '  "• 

1896-96 

0 

.56 

.79 

.83 

5.65 

.22 

1.68 

2.64 

.45 

0 

0 

1 

i. 

189(^97 

.OJ 

1.01 

3.08  ' 

2.ltt 

.66 

:i.34 

4.51 

.11 

.06 

.12 

4> 

D 

'A  • 

1897-98 

.50 

.78 

.97' 

.96 

.96 

1.06 

1.06 

.33 

1.2S 

.10 

11 

II 

•     t 

1898-99 

.17 

.88 

.34 

1.18 

2.98 

.50 

4.11 

.75 

.14 

0 

0 

I) 

■ 

1899-1900 

0 

2.65 

2.96 

1.80 

.  84 

.77 

1.00 

1  41 

.S5 

0 

0 

(i 

•         1 

1900-1901 

0 

.69 

5.65  , 

.71 

1.69  1 

5.44 

.50 

1  48 

.85 

0 

<l 

11 

• 

1901-2 

.38 

.60 

1.27' 

.20 

1.01 

3.50 

2.68 

.87 

.27 

0 

0 

II 

\ 

JO-year  mean 



■"■"•"  ■ 

n 

»  Year  incomplete. 

Record  of  precipitation  at  San  Ardf),  Monterey  i^mntj/ 
[Latitude, :«°  (»';  lonjritude,  121*'  10';  elevation,  452  feet.    Authority,  Paaeifir  Rail 


y  Sy<-' 


Year. 

i8«M<7 

1887-*< 

1888^89 

1889-90 

l«K)-91 

1891-92 

1892-98 

18«i-94 

1894-95 

1896-96  

1896-97 

1897-98 

1898-99 

1899-1900.... 
1900-1001.... 
1901-2 

16-year  mean 


Sept    Oft   >  Nov.  '  De<',     Jan.  I  Feb. 


0 
0.14 

0 

0 
1.10 

.14 

0 

0 

.66 

0 

0 

0 

T. 

0 

T. 

05 


0 

o.:^7 

0 

4.74 

0 

0 

.15 
0 


0  '.& 

.ti2 
3.24 
2.96 

.11 

0 
1.80 

.21 


.25 

.02 

1.48 

2.86 

.45 

2.73 

.78 

.05 

.18 

.03 

1.65 

.S« 

.88 

4  30 

.94 

1.49 

0.17 
2. 07 
2.31 
7.16 
1.41 
1.57 
3.40 
1.06 
4.42 

.30 
1.54 

.42 

.13 
1.09 

.06 

0 


0.58 

3.44 

.83 

3.36 

.43 

.58 

1.55 

1.18 

3.98 


5. 10 


.89 

.38 

3.24 

1.68 

3.89 

.06 


5.58 
.28 
.80 

3.59 

8.99 
.48 

1.31 
.34 
.23 
0 

1.18 

89 

.08 

15 

4.17 

4.29 


Mar.     Apr.    May.  June.  July.  Xxu-1 


-«  I 


0.17 
2.91  i 
6.16  ; 

.99 
76 
1.37  ' 
3.94 

.13 

.94 
2.11 
2. 19  I 

.I'O  I 
2.61  ' 
1.1b 

.31 
S.20 


-«  I 


0.76 
.11 
.49 
0 

1.04 
.08 
.(St 
.10 
.41 

2.27 
.06 
0 

.84 

.39 

.67 

74 


I 


0.05 
.2: 
.27 
.48 
Ati 

I.  HI 
.15 
.68 

.(je 

.25 
U 

•  43 
T. 
.66 
1.20 
T. 


0.26 
O 
O 
U 
41 
O 
O 

.15 
4» 
U 
O 
O 
T. 
T. 
O 
O 


11 
o 

0 

o 
II 
u 
II 
II 
o 
o 
u 

II 
41 
T. 
0 

u 


M 

o 

tl 

m»4 

u 

t! 

fl 
II 
p 

M 

T. 
T 
II 

i» 
0 
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Record  of  precipitation  at  Boca,  Nevada  County. 
ititude, :»°  i4';  lontfitncle,  VJHr"  Ofi';  elevation,  5.531  feet.    Authority  Pat'iflc  Rallw.iy  System.] 


Year.         J 

Sept. 

Ojt. 

...... 

Nov. 

Dgk. 

Jan. 

Feb. 

Mar. 

Apr. 

0.81 
.45 

May 

0.55 
0 

June. 

July. 

0.12 
2  00 

Aug. 

0 
0 

TotaL 

»-ro ' 

8.85 
2.32 

1.82 
1.60 

0.26 
.10 

u7  41 

m 1 

0 

0  80 

O.CM 

1.10 

2  50 

10.91 

I  72 

0 

{) 

.60 

7.ai 

H.U) 

.90 

10 

1.50 

10 

0 

0 

0 

13  50 

i  7A 

0 

0 

.20 

2,60 

1.80 

4.10 

.10 

.10 

.75 

0 

0 

0 

9.66 

3-74 

0 

0 

0 

4.30 

4.70 

2  40 

6.20 

80 

.60 

0 

60 

0 

lO.dO 

4-75 

.10 

2.15 

3.70 

.60 

6.30 

0 

.65 

.60 

0 

.40 

T 

0 

14.50 

5-76 

0 

T. 

1.56 

l.ff) 

8  10 

3.60 

4.72 

.70 

.10 

0 

.22 

0.01 

20.66 

6-77 

.01 

.25 

(tt 

0 

5.22 

0 

.46 

.95 

.86 

.10 

0 

0 

7.57 

7-78 

0 

0 

1.50 

.a. 

3.94 

6.74 

.86 

1.30 

0 

13 

»J8 

0 

14.85 

8-79 

.17 

.90 

1.60 

0 

5.47 

2.92 

4.80 

2.08 

.45 

0 

0 

0 

18.48 

^-m ' 

U 

.20 

.98 

4.18 

0 

3.00 

2.90 

6.95 

.73 

0 

« 

0 

18.96 

«Mi 

0 

0 

0 

3.74 

0 

0 

.12 

0 

0 

0 

« 

0 

8.86 

1-82 

.14 

.10 

1.2(» 

1.00 

3.90 

.3.60 

10  20 

l.U) 

0 

^' 

0 

0 

21.11 

»-83 t 

0 

.80 

.90 

.60 

1.15 

2.20 

170 

.90 

1.80 

0 

0 

0 

10.05 

»-84 1 

.14 

2.46 

.50 

.60 

4  60 

«.80 

3.10 

1.90 

.») 

1  40 

0 

0 

23.29 

>4-K> ; 

T. 

.m 

0 

8.20 

i.on 

.10 

.10 

1.50 

•» 

.311 

0 

0 

12.00 

kVHfl 

0 

0 

2.40 

2.98 

8.85 

.85 

4.40 

1.30 

.50 

0 

-15 

0 

20.96 

»^7 

.10 

.70 

.70 

.70 

2.40 

12.70 

0 

1.80 

T. 

.36 

.15 

T. 

19.51 

C-88 

^ 

0 

.30 

3.74 

4.18 

1.00 

2.44) 

.10 

.51 

.10 

.15 

.di» 

12.92 

.12 

0 

.95 

1.45 

4.18 

a  63 

1.15 

.10 

.190 

0 

0 

0 

15.48 

<»-V)0 

.14 

1.50 

4.55 

19.85 

14.60 

5.40 

5.46 

l.SO 

.70 

.26 

0 

0 

53  95 

m-^\  

0 

.70 

0 

3.65 

1.25 

11.80 

2.50 

1.70 

.84 

.26 

.15 

0 

122.85 

n  wt 

.60 

0 

.25 

8.30 

.70 

3.35 

1.70 

2.70 

3.10 

.70 

0 

0 

21.40 

fl6>-«i 

0 

1.50 

8.35 

6.95 

4.56 

8.90 

4.00 

1.90 

1.35 

0 

0 

.05 

37.35 

Ki-»4  

.55 

.25 

2.42 

3.70 

5. 10 

7.65 

.75 

1.00 

.33 

T 

0 

T 

21.65 

W-95 

T. 

.61 

.50 

11.80 

8.36 

1.20 

-.45 

.70 

.90 

T 

0 

T. 

24.62 

95-ftJ 

.97 

.11 

.01 

1.52 

7.75 

.50 

6.30 

6.66 

3.10 

.25 

1.15 

.18 

28.49 

W-97 

.36 

0 

1    2.47 

1.80 

2.20 

6.^ 

8.35 

10 

.50 

.40 

0 

.60 

23.02 

97-98 

T 

2.10 

;    2.80 

2.72 

1.55 

2.90 

2.50 

1.30 

.85 

1.11) 

0 

0 

17.72 

98-99 

01 

1.28 

1.84 

1.58 

6.80 

1.85 

7.95 

.a-> 

2.40 

.10 

0 

98 

23.64 

99-1900 

0 

4.42 

2.69 

4.63 

1.57 

.60 

3.52 

4.27 

l.IO 

2.67 

T. 

v.tst 

96.49 

KJO-1901 

.66 

3.(M 

5. 73 

4.58 

7.17 

6.76 

2.24 

2.04 

1.86 

0 

0 

.08 

34.16 

01-2 

.40 

.80 

1.15 

1 

3.77 

1.30 

2.50 

2.70 

T. 

T. 

0 

.10 

0 

12.72 

^yearutian 

19.98 

i<  Year  ii\complete. 


444 


CALIFORNIA   HYDROGRAPHY. 


K 


Record  of  precipitation  at  Botcman'H  dam^  Netxida  County. 

[Latitade.  99"  27':  loDf^itiide,  1»)p  9(K:  elevation,  5,400  feet.    Authority.  H.  C.  Perime  udT 

Radford.] 


Xcar. 

Sept. 

Ot 

Nov. 
7.88 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

J  ana  Jvlj.^Avf  T^ 

IK-l-TZ 

0 

0.98 

38.20 

12.98 

27.08 

7.52 

4.57 

1.09 

1.04 

aw'  ft    ^c= 

1K»73 

0  85 

.73 

5.43 

17.41 

5.73 

16.17 

a82 

3.9) 

2.65 

0 

.06      t«      i-' 

1873-74 

0 

1.24 

4.87 

23.47 

21.53 

9.96 

17.78 

5.47 

3.93 

.45 

0      0.»    ♦- 

1M4-T5 

0 

4.54 

15.35 

1.58 

16.91 

.25 

5.18 

.83 

2.85 

2.3B  .    .25  '    *      a  - 

l«6^T6 

it 

3.09 

28.48 

10.77 

17.82 

U.TO 

18.01 

5.fl2 

.99 

.36    \.m     6     ii' 

187b-77 

.41 

10.76 

.53 

0 

14.38 

&18 

7.49 

a  17 

3.38 

1.17 

Q    .    Q      ^' 

l«71-7fe 

0 

\.GS 

8  26 

1.71 

17.00 

21.21 

10.07 

2.57 

2.06 

.10      .09     .13    H-: 

1878-79 

0 

288 

5.36 

1.80 

14.50 

14.28 

20.97 

9.57 

a9S 

.71 

.06,   .»    "* 

1879-80 

0 

3  41 

9.«2 

15.  or) 

9.27 

8.17 

9.51 

81.72 

8.90 

0 

0    :    u      1* 

1880^1 

0 

0 

.65 

25.05 

27.82 

15.08 

7.29 

4.44 

1.22 

0         0       0-. 

1881-88 

2.33 

609 

4.25 

10.78 

11.46      7.47 

15.17 

7.96 

1.16 

0 

0        0*' 

ISft^W 

2.94 

11.47 

6.51 

4.82 

.5.06      5.88 

12.79 

5.15 

0 

0 

0       u     ^■- 

1883-84 

245 

r>M 

2.46 

5.20 

13.50     19.45 

18.02 

12.44 

2.01 

ass 

0        ij      « * 

1884-85  

1.08 

3.04 

0 

46.57 

4.49  '    3.74 

.80 

6.41 

1.57 

264 

U        fl       •  • 

1885-86 

1.26 

0 

24.96 

8.66 

17.84      2.99 

7.24 

18.22 

aso 

0 

0       0      'i' 

18884J7 

0 

2.25 

1.76 

6.95 

7.46 

21.00 

2.27 

5.81 

1.98 

.78 

Q         0       * 

186*1-88 

0 

0 

1.25 

8.97 

1                   .    '^."- 

1894-95.: 

8.77 

9.65 
14.95 

18.45 

9:i5 

8.98 

0      ,    T.         S   '=> 

1895-96 

10.12 

.45 

2.81 

11.20 

29.85 

1.92 

.11        .»     1*     *• 

1896-97 

2.05 

283 

19  40 

10.81 

4.88 

18.31 

18.91 

2.85 

.92 

4.04,    0    1  T      *»» 

1897-98 

.61 

4  74 

5.35 

5.81 

8.01 

12.28 

2.63 

2.10 

3.95 

212 

0       0     «i« 

1898-99 

.55 

2.64 

7.51 

a22 

14.11 

2.54 

26.81 

1.78 

4.80 

1.04 

0      LK    ^* 

1899-191(1 

0 

16.27 

12.58 

15.72 

9.60      4.44 

10.77 

6.82 

2.67 

.40 

.(K.    0      >' 

1900-1901 

1.38 

12.98 

11.47 

8.15 

14.80 

18.79 

4.67 

6.90 

1.73 

T. 

T.      .*    ^*^ 

1901-2 

4  12 

4.28 

7.54 

8.01 

t40 

21.06 

9.26 

5.96 

2.76 

.46 

.»    T     «• 

23- year  mean 

1 

'    .^  ^« 

' 

I 

.  . 

r     i 

a  Year  incomplete. 
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Hecord  of  precipitation  at  Grass  Valley  y  Nevada  County, 

latitttde,  89<*  13';  longitade,  121**  i'\  elevation,  2,000  feet.     Aathority,  Mr.  Lontzenhuaer  and 

B.  F.  Berriman.] 


Year. 

Sept. 

Oct. 

Nov. 
0 

Dec. 
18.13 

Jan. 

Feb. 

Mar. 

Apr. 

May.  Jnne.  July. 

Axkg. 

TotaL 

»-73 

0 

0 

4.01 

12.52 

1.39 

2.82 

8.56 

0 

f     ^ 

0 

85.03 

r3-74 

0 

0.8H 

2.99 

19.01 

laTl 

6.98 

11.71 

a  76 

1.05 

0.10 

0 

0 

60.09 

r4-75 

0 

2.95 

15.91 

1.08 

15.56 

1.89 

4.14 

.29 

1.18 

8.88 

0 

0 

44.78 

r5-7« 

0 

.97 

16.99 

7.44 

12.01 

10.75 

13.47 

8.80 

1.83 

0 

.65 

0 

66.81 

r6-77 

0.06 

8.72 

.62 

0 

10.18 

2.44 

4.79 

1.14 

1.40 

.74 

0 

0 

80.08 

77-78 

0 

1.21 

3.78 

1.74 

15.74 

17.76 

10.18 

2.78 

.50 

0 

0 

0 

5a  78 

7»-79 

.68 

2.00 

2.54 

.75 

10.72 

11.51 

18.07 

7.08 

a  08 

.80 

0 

a  08 

66.90 

79-80 

0 

2.79 

6.54 

8.86 

6.40 

4.83 

4.07 

8.88 

6.83 

.00 

0 

0 

42.14 

80^1 

0 

.04 

.30 

28.60 

19.80 

8.60 

8.38 

1.85 

.05 

1.50 

0 

0 

67.46 

81-88 

1.25 

a  71 

3.52 

8.21 

6.06 

6.30 

7.96 

5.87 

1.18 

0 

0 

0 

43.48 

88-83 

1.88 

7.88 

4.78 

2.83 

3.05 

2.97 

9.85 

8.38 

5.77 

0 

0 

0 

40.79 

8^.^ 

1.44 

3. 03 

1.48 

2.31 

7.80 

10.27 

13.98 

10.98 

1.00 

2.80 

0 

0 

54.50 

84-86 

.98 

3.30 

.05 

28.39 

3.65 

1.76 

.83 

a  17 

.16 

.90 

0 

0 

43.19 

»5-86 

2.66 

0 

19.27 

6.86 

12.40 

1.43 

4.83 

11.38 

1.00 

0 

0 

0 

60.41 

W-W 

0 

1.66 

.67 

5.46 

3.88 

15.72 

1.60 

6.54 

.64 

.52 

0 

0 

36.28 

187-88 

.26 

0 

1.38 

6.85 

11.81 

2.59      5.22 

.50 

.38 

8.26 

.08 

0 

31.38 

ttflMW 

.65 

0 

4.29 

8.70 

.64 

1.08     12.95 

a  87 

7.81 

.40 

0 

0 

39.69 

I8B-90 

0 

12.49 

8.76 

21.08 

18.64 

10.02 

13.60 

a  58 

a  10 

.08 

0 

0 

91.82 

J80-91 

1.96 

0 

0 

5.51 

1.54 

13.70 

6.22 

8.98 

8.06 

1.27 

.90 

0 

36.13 

J91-92 

.21 

1.00 

1.76 

10.26 

4.70 

7.15 

6.61 

6.87 

6.49 

0 

0 

0 

44.55 

!82-fl8 

.23 

2.72 

13.44 

11.22 

7.31 

6.83 

12.40 

5.80 

1.30 

0 

T. 

0 

61.25 

se-w 

1.64 

1.49 

8.77 

5.55 

11.24 

11.72 

2.96 

1.67 

a46 

3.05 

T. 

.08 

50.58 

»4-95 

•  1.01 

4.91 

1.38 

16.55 

22.26 

6.18 

5.01 

a  38 

a  46 

0 

.85 

.84 

64.63 

S6-96 

3.87 

.02 

1.17 

7.27 

20.84 

.88 

6.94 

18.47 

4.87 

.13 

.08 

.13 

58.16 

S9fr-97 

1.53 

1.72 

13.65 

5.78 

a65 

14.40 

8.47 

8.85 

.10 

.68 

.04 

.08 

52.84 

W7-98 

.51 

3.07 

4.56 

3.97 

1.44 

8.36 

.68 

(.90) 

8.53 

1.87 

T. 

T. 

27.13 

988-99 

'     .61 

2.06 

4.31 

2.73 

10.76 

.47     19.60 

1.70 

2.78 

.83 

0 

.42 

46.83 

990-1900 

■     0 

1 

1 

10.33 

11.68 

11.35 

6.90 

2.54 

7.40 

a  92 

1.81 


.65 


.04 

.08 

56.03 

8-year  mean 





49.41 

Record  of  precipitation  at  Malakoff  mine,  Nevada  County, 
[Latitude,  39*'  ^\  longitude,  120°  50';  elevation,  8,200  feet.    Anthority,  R.  D.  Wheeler.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

5.88 
8  86 

Jan. 

Feb. 

Mar. 
2.27 

Apr. 
7.52 

May. 

0.89 

June. 
0.49 

Jnly. 

Auk. 

Total. 

888-87 

1887-88 

1894-46 

0 
0.64 

8.89 
0 

0.80 
1.68 

6.06 
12.14 

18.12 
2.67 

7.28 
1.36 

0 

0 

42.86 
»25.39 

24.40 

7.01 
10.20 

5.18 
17.78 

6.08 
6.61 

0 
T. 

0.14     0.41 

150.45 

1896-96 

1806-97 

6.28 
1.90 

.56 
8.83 

8.27 

17.48 

7.36 
7.02 

24.11 

.06 

.16 

76.68 
«28.67 

—  

1 

-    



&-ve&p  nui^n 

' 

1 

50.77 

■  "  *  *            I 

1 

i 

1           1 

a  Year  incomplete. 
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Beconl  of  prvcipitation  at  NexxuUi  City,  Xerada  Couniy. 
[Latitude,  W*  W;  longitude,  121«*  i';  elevatioii,  2.5(1)  f e«  t.    Authority,  J.  S.  Bp»«»ti 


Year. 


,8ept. 


l»»-«4 '     0 

1864-65 0 

1885-66 O.SO 

1866-67 1     0 

18B7-«< 1.91 


Oct.  j  Nov.     IhM'..     Jan.  '  Feb.     Mar.  ;  Apr.    May.  Jua?  July.  Asj: 


.84 

.15 

0 

0 

0 

0 

0 

0 

.41 

0 

.60 


1888-69 

1860-TO 

1871V71 

1871-72 

1872-73 

187a-74 

1874-75 

1875-70 

1876-77 

1877-78 

1878-79 

1879^80 0 

18H(M<1 0 

1881^82 l.:« 

1888^ 2.23 

1883-^ 1.28 

1884-*'> 1.87 

1885-88 1.62 

1886^7 

1887-IW .71 

1888-89 '     .(« 

1889-90 0 

1890^91 2.04 

1891-92 (H 

1H92-«J '    .26 

189CJ-94 1.71 

1H94-95 1.21 

1896-96 3.3B 

1896-97 1  fW 


0 

0 
2.(B 

0 
8.63 

.43 

.50 
8.82 

.79 

.55 

.67 
3.06 
1.75 
9.a5 
1.35 
2.3S 
3.15 

.(» 
3.03 
7.66 
3.60 
3.61 

0 


0 
0 


1.00 
17.05 
14.29 

9.61 
16.11 

1.49 

4.67 

4.ae 

5.00 

4.05 

1.35 

15.08 

16.56 

1.04 

4.31 

2.88 

5.50 

.28 

2.53 

5.34 

1.62 

0 

21.55 


3.60 
17.42 

1.95 
32.70 
41.95 
10.62 

6.29 

5.  as 

27.31 

12.25 

24.27 

.90 

5.90 
0 

2.65 
.96 

8.76 
24.78 

9.14 

3.87 

2.84 
27.98 

6.77 


1.70 
4.09 


,13.05  I    8.55 


1897-98. . . 
1898-99. . . 
1899-1900. 
1900-1901. 


.00 
.3i 
0 


I  ■« 

I  .90 

I  .95 

'  1.25 

!  i.Ki 

I  0 

I  2.18 

I  3.:« 


.04  ■ 
1.42  I 

13.87 : 


I    -  -, 


,*  I 


r»r> 


1901-2 A.m 


10.34 
5.52 
4.16 


i .  1 8  I 
1.38  > 
1.87  I 

12.63  I 
4.38  I 
3.49  j 

10.85 
9.22  I 
5.45  ' 


7.SJ 
8.4i 

24.50 
6.38  I 
9.56  I 

14. 19  ' 
5.2!) 

20.61 

6.14 

6.46 

3.17  ; 

I 

»>  or  I 

00m  010  9 

10.27  i 
4.(M) 
5.35 


38-year  mean  I 


0.90 

9.71 

15.47 

14.21 

11.01 

16.85 

9.28 

11.06 

18.16 

2.82 

11.16 

16.57 

12.47 

10.26 

17.62 

11.62 

6.67 

18.88 

7.29 

2.39 

9.06 

4.30 

13.66 

3.51 

11.32 

T 
24.05 
2.18 
6.48 

8.oe 

11.71 

22.87 

19.61 

4.38 

1.92 

9.12 

7.81 

11  52 

1.91 


-,  I 


0.50 
4.38 
5.00 

laoo 

&8B 
12.62 

14.48 
6.2S 

16.67 

12.40 
7.32 
2.U 

12.41 
2.45 

16.61 

10,97 
5.48 
6.26 
5.42 
3.06 

12.01 
1.69 
1.54 

12.64 
3.52 
2.50 

10.07 

18.66 
6.04 
8.29 

10.85 

5.53 

.99 

18.63 

9.91 

.49 

2.86 

13.12 

18.28 


5.38 
2.09 

14.24 
6.23 

23.90 
6.96 
7.58 
5.41 
5.26 
1.96 

12.20 
a97 

1&88 
4.18 

10.05 

19.28 
5.(» 
4.44 
9.21 

14.27 

14.70 

.53 

6.92 

4.80 

7.14 

14.68  I 

13.40 ; 

3.64  i 
7.27  1 

12.75  , 
3.26  ' 
5. 12  i 
7.3B  I 
9.13 
.87 

15.88 
7.51  I 
2.35  j 
5.(B  , 


3.25 
1.75 
.59 
6.88 
7.e 
6.72 
4.70 
5.55 
a  76 
2.47 
4.51 
.27 
2.17 
1.43 
2.80 
5.90 

22.54 
1.7D 
4.39 
2.98 

12.07 
3.23 

12.49 
7.24 
.68 
5.20 
3.11 
2.93 
7-17 
6.22 
2.17 
3.82 

13.63 
2.08 
.95 
1.52 
4.83 
5.50 
4.66 


2.75 

1.31 

4.50 

1.S0 

1.3D 

1.62 

.65 

3.26 

.17 

2.20 

1.3S 

1.56 

1.53 

1.97 

1.06 

3.S{ 

I  5.58 

0 

.32 

K.92 

'  1.67 

■    .21 

I  1.23 

,    .70 
1    .42 

'  7.62 

I  3.35 

1.9S 

'5.80 

;  1.33 

a54 

3.42 

.  4.88 

.22 

;  2.7:3 

2.61 
'  1.90 
\  1.29 
,  1.47 


n 
(I 
0 

0 

.04 
.36 
.33 

1.08 
0 
.11 

2.43 
0 


.?S 


0 

M 

.15 
1.47 

0 

0 
2.47 
1.38 

0 

.37 

t.m 

.01 

.:3 

.a) 

Q 
l.fo 
0 
T. 
.« 
1.27 
.91 
.(« 
0 
.2* 


1) 
0 

n 
ti 
n 
(J 
|).(1S 
0 
0 
0 
0 
0 
0 

.71 
0 
ij 

0 

(I 
\i 

0  ' 
.117 
II 
U 
0 
0    I 

u 
(I 

f1 

T. 

0 

.15 

.05 

0 

II 

0 

T. 

T. 

(I 


I 


(1.0 

II 
0 
•} 

II 
I- 
(I 

0 

a 
fi 

0 

(I 
II 


i; 
■I 
II 
t< 
I 

T. 

I 

T 
S 

iS 

T 

T 


,"» 


ti 


J  - 
> 

••  • 

c 
<•' 

I.' 

» 

■J  I 


■. » 


"Year  inoomplete. 
NoTK.—  R<M*ord  from  January,  1887,  to  February,  188Eif  inclusive,  from  J.  F. 


Colley 


E»I»lKOOTT.] 
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Heconl  of  2>recipitation  at  North  Bloomfieldy  Nevada  County. 

i«,titti<io,  3»«»  22';  longritude,  ia>°  54';  elevation,  3,10)  feet.    Authority,  H.  C.  Perkins  and  W.  H. 

Badford.J 


Ye«r 


Sept.  Oct.    Nov. 


I 


11-71.  _ 

l-7Je-. 

3-73. 

»-74 

4—75 

5-7« 

tV-7T 

'7-7::< 

■S-79-- 

■4>-H0 

Md-^V 

U-«2.  _ 

«-«3 

«-84 

*4-^K5 

i5-^« 

W-07 

I7-$IH 

ilH-SK> 

«>-l«M> 

K)-1W>1 

l>l-2 

-year  mean 


0 

0 
0.16 

0 

.OS 

0 

.31 

0 

0 

0 

0 
1.75 
>5.74 
l.TO 
1.08 
2.56 
1.9() 

.Ol 

.6H 
0 

.95 
4.51 


i.ei 

.83 
.53 

.»: 

4.88 
2.09 

10.46 
1.10 
3.34 
3.08 

0 
3.86 
6.86 
3.66 
3.43 

0 
2.33 
5.05 
2.87 

14.52 
8.32 
3.08 


3.24 

6.20 

4.47 

3.37 

13.52 

15.53 

.85 

4.22 

8.72 

6.43 

.41 

4.05 

5.72 

1.48 

0 

20.23 

17.42 

6.12 

5.66 

13.3:i 

10.99 

4.68 


I 


Dec. 

4.31 

25.19 

11.77 

19.00 

1.21 

7.64 

0 

1.96 

1.18 

13.57 

21.10 

8.73 

3.59 

2.84 

37.21 

7.98 

7.  OB 

5.41 

4.10 

13.09 

4.95 

5.87 


Jan. 


7.54 

12.71 
4.16 

15.17 

.15 

!  10.98 

9.98 

15.72 

10.00 
5.96 

19.46 
8.  OB 
3.09 
9.21 
3.&'> 

13.49 
5.06 
2.28 

10.88 
9.32 
7.73 
l.tiO 


Feb.  1  Mar.    Apr. 


5.94 

18.22 

11.09 

7.08 

.88 

10.20 

2.80 

16.97 

9.49 

5.66 

12. 13 

6.77 

3.94 

10.02 

1.91 

1.78 

16.57 

13.03 

1.01 

5.20 

13.46 

18.04 


5.08 
5.73 
2.50 

11.16 
3.56 

13.02 
4.92 
9.23 

16.62 
5.45 
4.02 

10.02 

10.45 

15.65 

.79 

2.18 

11.16 
.79 

18.24 
9.64 
2.97 
6.40 


4.36 
3.84 
2.40 
4.04 
.30 
4.08 
3.07 
2.44 
6.69 

23.31 
2.59 
5.39 
3.39 

10.81 
8.62 

12.26 
3.70 
1.18 
1.98 
6.82 
6.27 
5.29 


May.  June, 


3.36 
1.39 
1.57 
1.78 
2.68 
1.06 
2.66 

.95 
3.84 
5.63 
1.33 
1.82 

0 
2.66 

.71 
1.15 

.20 
4.47 
3,91 
2.44 
1.73 
1.70 


0.12 
.41 
0 

.25 
.63 
.01 
.91 
0 

.64 
0 

1.57 
0 
0 

4.u:i 

2.14 

0 
1.45 
1.70 

.65 

T 

0 

.19 


July.,  Aug.|  Total. 


0 

0 
O.IO 

0 

0 
1.76 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T 

0 

.01 

T 

.09 


0 
0 
0 
O.OB 
0 

.01 
0 
0 

.24 
0 
0 
0 
0 
0 
0 
0 

.11 
T 
.67 
0 
T. 
.04 


35.51 
74.52 
38.75 
62.54 
27.87 
66.33 
36.05 
52.69 
56.76 
69.04 
68.51 
60.41 
40.38 
61.66 
65.44 
61.62 
66.  UB 
40.60 
50.56 
74.37 
67.37 
52.39 

54.28 
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Record  of  precipitatioti  at  Truckee,  Nevada  iUmnty. 
[Latitude,  SB"  19^;  longltiide,  120»  01';  eKoTatSon,  5,880  feet,    Anthority,  Fariflc  BaQmr  hpr. 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

1           1         > 
May.  June. Jnlj.'Aor  '  > 

18aO-70 

6.18 
4.23 

4.35 
3.18 

ai2 

2.U0 

2.40 

.28 

0.80 
.35 

1.8D  '•' 

1870-71 

0 

0 

0.51 

1.67 

4.80 

0    '   0      *: 

1871-72 

0.20 

0.02 

5.85 

16.23 

8.42 

10.49 

3.63 

4.11 

.60 

.30 

0       0     44 : 

1872-78 

0 

.40 

.60 

•8.74 

8.78 

9.55 

1.69 

1.96 

.56 

0 

T.      0     1' 

1878-74 

0 

.11 

.42 

8.70 

9.54 

6.15 

9.35 

S.«l 

.68 

.11 

.54    ».CC    »i 

1874-7B 

.04 

2.44 

3.54 

.60 

8.60 

.20 

1.20 

.90 

0 

1.81 

.40,  M\  :■»» 

1875-76 

T. 

.62 

8.94 

4.90 

9.86 

5.60 

6.96 

1.83 

.84 

.01 

.05     .'B    \i 

1876-77 

.08 

3.64 

.07 

.06 

9.45 

.39 

1.84 

l.OB 

1.12 

.3S 

0  '  M    r» 

1877-78 

.04 

0 

L66 

.24 

5.97 

11.80 

2  07 

.80 

L17 

.10 

0   .  .:^   -V 

1878-79 

.S3 

.75 

2.14 

.60 

7.70 

2.68 

5.25 

1.55 

.45 

0 

0    !   ('   ,  i^i 

18TIMD 

.07 

1.40 

3.78 

4.98 

2.95 

4.65 

4.65 

12.74 

2.50 

0 

.16     0      '- 

1880^1 

0 

0 

.45 

9.51 

5.71 

2.13 

1.86 

.49 

.40 

1.26 

18 

0      1» 

1881-88- 

.25 

2.50 

2.70 

8.80 

6.40 

4.96 

12.05 

1.89 

.85 

.w^ 

.» 

f      *" 

1888-83 

0 

.85 

1.04 

.80 

1.65 

3.05 

1.65 

2.19 

1.13 

0 

.53    e     ::> 

1883-84 

.28 

2.46 

2.50 

1.62 

6.65 

11.20 

5.38 

a90 

.14 

1.(6 

0    '   .1'     12 

1884^86 

.78 

l.H) 

0 

18.14 

1.80 

.54 

.66 

2.04 

.08 

0 

0  ,   s  ?• 

1885-88 

.47 

0 

6.95 

2.22 

7.08 

.50 

2.90 

1.78 

.60 

66 

.»      0      '  ' 

1886-87 

T. 

.85 

1.10 

2.29 

8.43 

12.35 

.36 

2.00 

2.04 

.37 

.40     T.     ^ 

1887-88 

0 

0 

.30 

4.80 

2.35 

0 

0 

T. 

.70 

.80 

.72      i     ■• 

1888-89 

.28 

0 

2. 38 

1.56 

.80 

1.40 

2.51 

1.01 

4.51 

0 

0        ('      .» • 

1880-90 

0 

:j.  13 

8.29 

2.51 

16.20 

8.90 

7.29 

.45 

1.44 

0 

0        £    »  * 

1890-91 

.m 

.45 

0 

3.70 

1.22 

8.36 

8.92 

2.17 

2.90 

.46 

0       t)      '"' 

1891-« 

.98 

.05 

.45 

6.34 

2.65 

2.80 

3.00 

2.06 

4.2[l 

.95 

0       0      ■' 

189SWe 

29 

.37 

5.78 

8.15 

5.44 

8.02 

5.18 

3.73 

1.79 

0 

0       0      ^ 

188a^  

1.22 

.35 

a96 

2.82 

8.06 

10.95 

2.65 

2.15 

1.05 

T. 

0       u     -- 

1894-95 

.13 

1.12 

.80 

1&95 

11.13 

1.92 

1.72 

.50 

2.40 

0 

0        11      -  • 

1885-98 

1.32 

.34 

.60 

2.96 

7.07 

.40 

4.67 

9.36 

.54 

0 

.l-V    .S4    ^' 

1896-97 

.'Si 

.40 

3.86 

2.50 

2.85 

7.97 

2.84 

.30 

T. 

.18 

0       "  1  2  • 

1897-98 

T. 

.55 

8.20 

3.15 

1.05 

3.65 

2.05 

.25 

.30 

0 

0         0        *  • 

1898-99 

.40 

.06 

2.95 

1.60 

7.80 

2.70 

9.60 

1.10 

.75 

0 

0      K  :^- 

1899-1900 

0 

6.40 

2.80 

1.80 

2.63 

.80 

4.20 

1.90 

.80 

1.01 

0       r     i' 

1901M901 

0 

1.02 

2.fi0 

2.70 

5.00 

7.97 

2.50 

l.HO 

.70 

0 

on? 

1901-2 

.rio 

2.78 

3.68 

1.65 

1.10 

3.30 

5.00 

1.28 

.55 

0 

.45   11'    :^ 

88-year  ini>«iD 

• 
•*  - 





— 

a  Year  incomplete. 
NoTK.— During  July,  1902,  there  vras  also  3  feet  of  snow  at  Tmckoe. 

Record  of  precipitatimi  at  AHa^  Placer  County. 
[Latitude,  :«^  13':  lonjritnde,  120*^  49';  elevation,  3.612  feet.    Authority,  Pat-iflc  BaiUnj^J--' 


Year. 


Sept. 


1869-70 

1870-71 '     0 

1871-72 ,     0 

1872-73 !     0 


1873-74. 
1874-75. 
1875-76. 
1876-77. 
1877-78. 
1878-79- 
1879-80. 
1880-81. 
1881-82. 
1882-83. 


n.40 

0 

0 

0 

0 

.60 

0 

0 
1.12 
2.70 


1883-84 ;    .60 

1884-86 1     .12 

14-year  mean' 


<Vt. 


0 

0 
0.25 

0 
3.92 

.02 
7.00 
1.70 
2.96 
1.60 

0 
4.60 
7.65 
1.60 
1.00 


Nov.  I  Dec. 


2.75 

T. 

.19 

.90 

12.86 

18.52 

.70 

3.90 

4.18 

9.63 

1.00 

5.60 

5.64 

2.05 

0 


3.94 

6.60 

6.60 

15.50 

.09 

830 

0 

1.00 

1.00 

10.02 

18.80 

13.60 

2.31 

3.10 

14.08 


5.21 

11.25 

1.66 

12.66 

13.17 

7.70 

10.00 

9.10 

12.80 

2.  TO 

21.00 

5.93 

4.06 

3.60 

1.50 


Feb.  I  Biar. 


I 


13.75 

5.45 

13.85 

10.00 

7.17 

.01 

4.72 

2.35 

14.80 

18.10 

4.90 

11.80 

6.40 

1.60 

8.60 

.60 


6.56 

7.0J 

.45 

.95 

3.76 

3.40 

9.08 

6.10 

11.65 

24.80 

3.10 

3.60 

15.40 

9.06 

7.00 

.10 


oYear  incomplete. 


I 

■  Apr. 

1 

May.  June.  July 

.iu'  '  ■ 

3.73  1  1  :«»  1  n  Afi  ' 

'?  • 

3.60 

1..50       0        « 

* 

.38        0          0         0 

.1     i- 

3.08        0          0         0 

«i     t 

5.75 

1.27  ,0,0 

1" 

.40       .12 

2.00      0 

ii 

1.07  '  1.80 

0       O.ffi 

(» 

2.00     2.61 

.80      0 

n      " 

2.50       .33 

0         0 

p     -• 

7.73     2.45 

0         0 

.(     *. 

11.00     2.90 

0         0 

J     ' 

.50  '     0 

0   !   0 

(1 

3.20     1.15 

.80      0 

(1 

3.43    6.07 

0         0 

II     » 

5.20     .60   aoo     0 

1           • 

2.48 

0 

l.OO,   1*' 

L 



1              1 

! 

(porting  af tei 

r  June,  18S. 

l»lX<'OTT.l 
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Record  of  precipitation  at  Avimm,  Placer  County. 
HtiMie,  88«  SSf]  lon^tude,  l:Jl«»  06';  elevation,  1,383  feet.    Authority,  Pacific  Railway  System.] 


Yoftr. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 
7.81 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 
0 

Total. 

-70 

3.92 

2.63  1  0.46 

0.81 

0 

"15.12 

^71 

0 

0 

0 

0.46 

7.21 

2.36 

1.85 

3.57     2.06 

0 

0 

0 

17.51 

-7:* 

0 

0.34 

2.80 

13.56 

6.80 

9.35 

3.59 

2.50«     .65 

'.22 

0 

0 

40.00 

Tli 

0 

.38 

3.13 

8.43 

8.74 

7.44 

.53 

1.22       .32 

0 

0 

0 

25.19 

-74 

0 

.34 

1.25 

11.97 

7.46 

4.14 

6.26 

2.56       .57 

0 

0 

0 

84.55 

—75 

0 

1.57 

9.64 

.82 

10. 00 

.44 

2.73 

.10       .61 

1.82 

0 

0 

27.78 

-76 

0 

.85 

11.39 

6.ft"> 

7.56 

5.62 

10.10 

1.97       .61 

0 

0.41 

0.21 

44.77 

<- » 1 

0 

4.52 

.65 

0 

6.94 

1.47 

2.14 

.72  ,  1.53 

.27 

0 

0 

18.24 

-78.. 

0 

.99 

2.46 

1.55 

10.61 

10.19 

7.60 

1.76  .     .98 

0 

0 

0 

86.18 

^79 

0.50 

.80 

1.53 

.91 

6.34 

7.16 

8.78 

6.94     2.43 

.46 

0 

0 

84.94 

UHO.- 

0 

2.33 

3.82 

7.88 

3.13 

4.90 

2.62 

13.02  .  3.85 

0 

0 

0 

41.56 

>-Kl.. 

0 

i) 

.25 

13.91 

9.61 

8.20 

2.43 

1.38 

0 

1.40 

0 

0 

87.18 

-«J.- 

92 

2.72 

3.01 

5.87 

4.60 

4.99 

6.05 

4.63 

.53 

.28 

0 

0 

83.60 

i-Ki 

.84 

5.19 

4.08 

1.65 

2.86 

1.06 

5.19 

.70 

4.07 

0 

0 

0 

25.64 

M^-_ 

l.TO 

2.61 

1.00 

2.52 

6.33 

7.63 

10.17 

8.02 

.85 

1.23 

0 

0 

40.96 

M*5._ 

.56 

2.25 

0 

16.37 

1.74 

1.27 

.57 

2.10 

0 

.70 

0 

0 

26.66 

MW 

.64 

0 

15.24 

4.05 

8.25 

0 

4.10 

9.38 

.65 

0 

0 

0 

42.31 

MJ7.. 

0 

.89 

1.26 

4.88 

2.04 

12.38 

1.60 

4.34 

.30  ' 

0 

0 

T. 

27.59 

•-««---' 

l.OB 

0 

1.22 

4.90 

7.07 

1.40 

3.25 

.80 

.40 

1.55 

0 

(T.) 

21.68 

u-«> 

.30 

0 

4.20 

5.82 

.83 

.52 

9.57 

1.38 

4.65 

0 

0 

0 

28.75 

>-«!. 

0 

5.75 

4.85 

11.94 

8.97 

3.96 

8.08 

2.83     2.30 

0 

0 

0 

48.68 

>-91 -. 

1  2.63 

.14 

0 

5.13 

.88 

6.80 

5.40 

2.23  ,     .88 

.69 

0 

0 

24.78 

I   i« 

0 

1.33 

.95 

7.38 

4.00 

4.91 

5.96 

3.11 

4.55 

0 

0 

0 

82.17 

5-9:^- 

.15 

1.76 

6.13 

8.99 

6.83 

4.74 

9.20 

3.71  !    .78 

0 

0 

0 

40.79 

J  *M 

.70 

1.11 

5.32 

3.88 

6.96 

9.89 

1.95 

1.35     2.77 

1.38 

T. 

T. 

36.31 

t-ifi 

'     .67 

3.87 

7.09 

13.56 

12.99 

4.14 

3.09 

3.38     1.88 

0 

T. 

.13 

50.80 

'>-«6 

2.04 

.12 

1.04 

3.39 

11.88 

.49 

6.21 

7.66     2.42 

.43 

.14 

.26 

38.07 

V-97 

1 

2.78 
1.13 

11.40 
6.44 

8.06 
.32 

1.51       .28 
.49  ,  2.38 

.17 
.97 

0 
T. 

T. 

0 

a  24. 19 

r-«s 

.20 

2.83 

2.22 

3.50 

20.36 

•i-iw 

i     .26 

1.75 

3.59 

2.75 

4.78 

.17 

13.25 

.51 

1.28 

1.43 

0 

.03 

29.80 

If^lWK) 

1     0 

5.94 

9.00 

5.47 

5.47 

2.11 

3.69 

3.42     2.19 

T. 

0 

0 

37.29 

!>-19(U 

.45 

4.50 

6.38 

2.01 

7.82 

8.H4 

1.25 

4.83  '     .S8 

0 

T. 

0 

38.98 

1-C1a__ 

2.39 

5.71 

4.86 

3.95 

1.70 

12.72 

4.80 

3.10 

.80 

.50 

T. 

.08 

40.55 

1 

...... 

33.40 

1 

.           1 

a  Year  incomplete. 


IRK  81—03- 


■2y 
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CALIFORNIA    HYDROGRAPHY. 


Record  of  precipitation  at  Cisco  j  Placer  County. 
[Latitude,  39*  19';  longitude,  ISfT*  3^;  elevation,  5,939  feet.    Authority,  Ptciflc  Bwlwiy  Sy?<i 


1 
Year. 

Sept., 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

13.46 
8.40 

1 
Mar. 

Apr. 

May.  June. 
0.40  

Jnly.'Aw  :  - 

1869-70 

1 

3.70 
2.40 

0.65 

fi      ■.. 

187T^-71 

0     1  1.20 

2.80 

4.40 

6.4n 

3.05    4.95 

n.85 

II              1)           Ak 

1871-72 ' 

0.40  1    .20 

6.20 

24.80 

6.50 

12.56 

3.98 

6.05  1  l.U    1.03 

lUJ    T.    t- 

1872-73 , 

0     1    .60 

2.65 

9.61 

5.60 

14.00 

1.60 

1.6n     1.50      0 

1 

0       ti     ■'  f 

187;J-74 ' 

0         .55 

1.35 

14.40 

7.70 

7.00 

14.00 

4.10   aio.  0  ' 

0       "     iiJ 

1874  75 

.50 

2.70 

7.07 

.60 

8.40 

.45 

480 

,90      .Si  ';  2.05  ' 

(1     u    f.r- 

1876-7B ' 

0 

1.75 

8.55 

5.30 

18.50 

22.20 

17.20 

.70i  1.20,   T. 

0  i  0    :♦ 

1876-77 

0 

2.48 

4.20 

0 

7.20 

.30 

.53 

2.87  i  3.71      .m  ' 

u     n    :* 

18n-78 

0 

.60 

4.52 

1.90 

9.60 

11.85 

2.00 

2.00    4,a)      0 

0       «i      =' 

1878-79 

.20 

1.45 

1.85 

1.25 

9.30 

10.34 

16.42 

5.50    2.90      .30 

M   i'.i4    i" 

1879-80 

0 

2.10 

8.17 

8.92 

4.80 

7.10 

7.60 

11.90 

3.90      .08 

u  ,  •    ■** 

1880-81 

.01 

.82 

.62 

16.33 

33.46 

12.91 

6.10 

4.81 

0     aai 

0   ,  *'     >* 

1 

1881-82 

2.16 

2.93 

3.60 

8.76 

11.71 

8.50 

25.30 

5.60 

.91      .^ 

0    '    »     *• 

1882-83 

.83 

8.28 

a  76 

2.88. 

.90 

4.85 

9.25 

3.60 

6.66      0 

p      II    •  - 

188J^-84 

0 

1.50 

2.20 

2.70 

8.40 

12.00 

14.65 

10.10       0    1  3.45 

0       (<      "•> ' 

1884-8.5 

1.40 

2.32 

0 

25.05 

2.90 

1.28 

2.20 

a95 

.30      .95 

0       n     ^ 

18K^-86 

.50 

0 

17.05 

4.87 

14.75 

2.40 

7.40 

7.50 

1.45      0 

y      B     '*■' 

1886-87 

0 

1.45 

1.05 

6.10 

4.90 

22.85 

.80 

3.95      .40      0 

T.     '•'     * ' 

1887-88 

.15 

0 

1.60 

8.80 

9.75 

2.72 

6.10 

2.20 

l.SO    1.9) 

0      e     '-• 

1888-89 

.68 

.15 

5.38 

9.88 

1.40 

9.97 

2.70 

1.65 

8.10    a: 

0      "     '  * 

1889-90 

0      11.72 

0.54 

25.57 

23.90 

14.90 

8.70 

L50  !  2.50     .30 

0       "     "^ 

1890-91 

3.11 

.55 

0 

7.90 

2.20 

11.88 

6.45 

3.70^  2.25    3.  :5 

.»,  '.'     *■ 

l«91-«2 

.21 

1.00 

1.76 

2.83 

5.10 

7.61 

8.55 

6.30 

8.30    1.40 

0       "      ♦  ' 

1892-93 

.30 

.95 

12.60 

11.20 

3.20 

8.50 

7.78 

0    '  i.eo    T. 

1)      II    •■  ■ 

1893-94 

0 

0 

5.38 

8.80 

16.45 

18.65 

5.30 

aso 

2.60      0 

0        1'       ' 

1894-95 

.10 

.90 

1.50 

21.60 

•i- 

1895-96 

1 

1896-97 

1 

1 

3.90 
3.80 

10.20 
5.60 

15.20 
1.30 

7.00 
9.00 

1 

)    .»l 

1897-SW 

.49 

2.48 

14.00 

.50 

a40  1.10 

0      ''     ^ 

1898-99 

.83 

2.10 

4.80 

1.10 

10.70 

2.60 

19.56 

1.30,  2. 10    2. 10 

0  <    *   '■' 

1899-1900 

0 

12.83 

13.47 

12.14 

8.40 

6.43 

9.56 

4.85 

1.53 

.60 

.15,''       • 

1900-1901 

.33 

7.57 

10.43 

7.50 

10.05 

22.45 

4.70 

4.40 

3.25      0 

0  '  "     ■* 

• 

1901-02 

2.41 

3.27 

5.;« 

8.80 

1.54 

14.17 

5.40 

1.80  1    .90 

.40 

T.  -T.    - 

20-year  mean 

1 

1        '«• 

1            1 

n L^' 

o  Year  incomplete. 
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Record  of  precipitation  at  Colfax ,  Placer  County. 
itade,  »»•  «*';  lon^tude,  ISSOp  67';  elevation,  2,«l  feet.    Authority,  Pacific  Railway  System.] 


rear. 


-70 

-71 

-72 

-73 

74 

-75 

-76 

-I  i 

-7B 

-79 

-W) 

SI 

-«» 

-^i 

-M 

-86 

*« 

-JC 

-«S 

*« 

«) 

u91 

« 

-«^ 

94 

-a5 

^96. 

^\n 

-w 

U09 

i-19()0 

klflOl 

-08 


Sept.   Oc;t. 


ear  mean 


0 

0 

T. 

0 

0 

0 

0 

0 
0.66 

0 

0 
1.63 

.40 
1.08 

.80 

.68 

0 

.68 

.25 

0 
2.75 

0 

.53 

.65 
1.00 
8.29 
1.64 

T. 

.38 

0 
1.00 
2.05 


1.21 

0 

0 

0 
3.36 

.95 
7.98 

.95 

0 
2.94 

T. 
1.88 
2.96 
2.97 
2.55 

0 
1.96 

.84 

.10 
9.95 

T.  - 

.40 
2.80 
1.23 
5.76 

0 
1.68 
3. 86 
1.48 
9.63 
7.33 
4.45 


Nov. 


I 


Dec.     Jan.     Feb. 


T 


2.68 

4. 26 

8.99 

2.27 

13.89 

14.84 

.68 

3.38 

8.06 

4.68 

0 

8.40 

4.08 

1.34 

T. 

16.48 

.46 

1.61 

3.88 

9.60 

0 

1.06 
1.55 
9.88  i 
0 

1.77  I 

14.39  I 

8.88 

4.46 

13.06 

18.27 

4.82 


3.94 
9.80 

10.48 

18.84 

1.12 

7.10 

0 

1.76 

.85 

9.16 

16.47 
8.01 
8.60 
2.32 

23.60 
6.77 
6.12 
6.00 
9.57 

21.85 
4.34 

11.0* 

16.95 
6.08 

24.17 
8.85 
5.  Do 
5.80 
3.01 

12.83 
3.96 
5.45 


7.24 

10.08 

2.90 

10.98 

12.38 

10.40 

9.29 

13.10 

8.73 

4.63 

16.50 

9.00 

1.68 

7.57 

2.85 

18.17 

290 

13.88 

.50 

17.90 

1.95 

4.85 

7.68 

13.43 

20.57 

28.83 

4.16 

1.80 

9.29 

6.41 

13.91 


5.65 
4.85 

13.68 

11.12 

6.62 

.19 

7.80 

1.76 

12.81 
8.87 
6.60 
9.30 
7.11 
3.23 
9.73 
1.66 
.34 
9.84 
8.18 
.90 
8.00 

14.60 
7.55 
5.68 
9.76 
5.65 
.98 

15.86 

9.61 

.87 

4.38 

15. 75 

18.14 


Mar     Apr. 


5.41 
4.30 
4.69 
1.24 

10.12 
3.83 

14.39 
4.36 
9.28 

14.62 
286 
3.83 
6.97 
7.98 

12.27 

.68 

3.69 

1.61 

2.80 

13.90 

14.70 
9.60 
7.45 

1280 
3.00 
4.76 
6.36 
7.46 
1  89 

20.73 
7.79 
2d5 
7.11 


3.19 
4.08 
3.40 
1.81 
3.53 
.80 
3.23 
1.86 
1.79 
6.67 

21.09 
1.53 
3.98 
2.98 

10.94 
2.29 

10.86 
4.92 
.95 
8.00 
3.95 
2.45 
5.73 
4.22 
4.48 
0 

16. 15 
0 

i.:« 

1  16 
o.  <4 
6  55 

4.84 


May.  Jane.  July. 

Aug 

0.25 

0 

0 

256 

0.13 

0 

0 

.61 

.40 

0 

T. 

2.04 

0 

T. 

0 

1.31 

0 

0 

0 

1.90 

0 

0 

0 

1.48 

T. 

0 

0 

1.67 

.57 

0 

T. 

.48 

T. 

0 

0 

291 

.27 

0 

0 

4.29 

0 

0 

0 

T. 

1.31 

0 

0 

1.13 

.13 

0 

0 

5.92 

0 

0 

0 

1.38 

3.01 

0 

0 

0 

1.18 

0 

0 

1.08 

0 

0 

0 

.72 

0 

0 

0 

.17 

8.69 

0 

0 

9.14 

.25 

0 

0 

3.85 

0 

0 

0 

1.70 

2.«r) 

0.90 

0 

6.14 
1.30 
3.45 
4.80 
5.39 

0 
206 
2.41 
3.12 
1.91 

.90 


.60  I 

.0     ! 
2.45 

I) 

0 

85  I 
1.50 
1.72 

.10 

0 

.70 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0.08 
.28 
.10 
0 
0 

.30 
0 
0 
.02 


«14.40 
30.88 
46.85 
33.58 
53.68 
36.81 
50.53 
27.61 
48.83 
45.46 
66.14 
48.08 
42.88 
82.73 
68.61 
35.61 
51.01 
27.98 
31.80 
40.88 
89.80 
40.89 
44.88 
62.85 
54.  (J8 
66  88 
65.07 
51.55 
32.10 
46.73 
63.06 
65.38 
60.36 


47.44 


o  Year  incomplete. 
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CALIFORNIA    HYDROGBAPHY. 
Record  of  precipitation  at  Emigrant  Gap,  Plaoer  Countjf. 


lLAtitudeJ«<' 

17';  1. 

ungfitu 

ide,  120 

'40':  el 

levatio] 

a,  5;S30 

feet. 

Aathoi 

ity.Pi 

wificl 

teunT>T 

»*-* 

Year. 

Sept. 

Oct. 

Nov. 

1 

Dec. 

Jan. 

Feb 

Mar. 

6.89 
2  75 

Apr.  , 

3.16 

2.80 

ICay.Jone.J 

0.46    O.M 
3.31       il 

ulj".  Auj 

i 

18aB-7U      ..  .' 

0        '.' 
0      '■ 

1870-71 1 

0 

l.e:^ 

3.00  , 

6.30 

5.75  , 

7.15 

r 

lHn-72  

1 

14.58 

6.08 

4.44 

.27 

0 

0        >' 

*   ' 

1872-73 

0 

.50 

.20 

15.65 

6.:*) 

18.50 

2.70 

1.58 

:i34 

0 

I'.Ol      0 

t*    • 

187:^-74 

0 

1.25 

2.70 

17.3[» 

10.  OB 

10.42 

22.12 

.K) 

.63 

.S3 

n      w 

0" 

1874-76 

0 

2.(X) 

1.00 

.40 

5.85 

.80 

2.90 

i.a» 

2.50 

l..^l 

II      " 

- 

1875-76 1 

0 

0 

9.10 

3.90 

14.80 

5.70 

7.30 

2.70 

1.50, 

.m 

.:ii     " 

♦' 

1876-77 

0 

1.75 

.60 

0 

4.30 

.06 

.50 

.50 

i.a) 

.<{ 

T.      '• 

• 

1877-78 ; 

0 

.32 

5.44 

1.62 

15.72 

16.87 

7.17 

3.87 

.53 

0 

0        • 

» 

1878-79  

.65 

2.25 

3.04 

.75 

15.43 

18.21 

21.69 

7.76 

2.81 

.34 

n      1 

* 

1879-80 

(1 

3.30 

5.11  . 

12.33 

10. 10 

9.88 

9.75 

1  21.76 

3.42 

.06 

n      i< 

188(V-81 

0 

0 

.30 

15.38 

26.69 

5.42 

5.49 

4.63 

.37 

iM 

II          0 

• '. 

1881-82  

1.70 

6.68 

2.90 

5.64 

10.03 

9.4G 

16.00 

2.60 

1.55 

.#» 

0       << 

-     • 

1882-8:3 

.60 

7.95 

2.15 

3.31 

3.^ 

4.ai ' 

10.06 

3.30 

4.90 

(» 

n      !» 

•• . 

18813^84 

1.25 

3.66 

1.20 

3.15 

8.22 

10.20 

15. 18 

10.84 

2.10 

2.7: 

it           D 

t 

1884-85 

.91 

1.08 

0 

31.20 

2.68 

2.15 

.40 

3.89 

.at) 

].« 

0       e 

♦ 

1886-« 

.53 

1     0 

18.69 

7.38 

18.28 

1.97 

6.00 

11.90 

2.7:J 

T. 

t\       '1 

^- 

1886-87 

0 

2.96 

.40 

8.00 

4.12 

18.80 

2.03 

6.17 

i.ce 

l.U 

0    ««:-■ 

•" 

1887-88 

.05 

3.00 

1.50 

7.70 

17.05 

3.92 

5.42 

3.:» 

2,23 

3.04 

fi      < 

4  ' 

1888-89 

.10 

0 

1.77 

7.39 

1.10 

1.10 

5.09 

2.29 

8.61 

.% 

0 

1889-90 

0 

11.81 

11.41 

20.85 

16.90 

9.80 

13.15 

1.72 

3.;r 

0 

(1     '1 

« 

1890-91 

.32 

.65 

0 

6.20 

1.70 

7.88 

4.55 

,    3.15 

2.70 

2.40 

II       ■ 

1891-92 

0 

,    .30 

2.40 

12.90 

5.42 

7.46 

5.70 

3.a) 

5.00 

.70 

11      " 

i  * 

1882-93 

.10 

1.70 

15.02 

19.97 

5.50 

6.38 

10.05 

5.71 

.69 

(1 

II      " 

<k  . 

1898-94 

1.20 

2.00 

5.95 

9.19 

'  10.10 

15.50 

18.00 

2.62 

i.eo 

2.29 

0        1 

4.  . 

1894-96 

0 

2.41 

.90 

9.19 

17.90 

1.40 

.30 

1.60 

1.20 

0 

CI 

V 

1895-96 

.31 

2.41 

1  90 

4.00 

17,40 

7.88 

8.or> 

11.50 

1.30 

.3U 

T      ' 

.  • 

1896-97 

'    2  70 

2  96 

12  80 

'    1  40 

T 

•. 

1897-98 

5.56 



1.20 

1.10 

1 

__  . 





25-year  mean 

. . 

_— 

- 

a  Year  incomplete. 
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Record  of  precipitation  at  Iowa  Hill  (Strawberry  Flat),  Placer  County. 
[Latitude,  39«  07';  longitude,  120*'  49';  elevation,  2,825  feet.    Authority,  C.  P.  Macy.] 


Year.         ' 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

12.30 
5.00 

Feb. 

12.50 
6.10 

1 
Mar. 

Apr. 

7.87 
18.87 

May.  June. 
3.25     0.25 

July. 

0 
0 

Aug. 

Total. 

1 
^79 

■ 

18.25 
7.88 

0 
0 

"64.62 

»-^X. ■ 

U 

3.50 

3.63 

13.% 

6.25  '     0 

64.58 

t^ 

0 

.75 

.75 

20.80 

20.75 

10.50 

4.62 

3.15 

.13 

2.12 

0 

0 

63.67 

^.. 

2.50 

4.25 

3.90 

10.56 

8.92 

6.80 

10.43 

7.69 

1.55 

.73 

0 

0 

57.28 

!-83 ' 

.35 

8.50 

6.63 

2.69 

4.37 

4.24 

10.63 

3.67 

7.22 

0 

0 

0 

48.30 

t-H4 

.75 

4.54 

2.02 

3.75 

8.05 

11.28 

16.50 

13.22 

1.60 

2.52 

0 

0 

64.21 

r^'> , 

1.00 

2.43 

0 

24.22 

3.08 

1.48 

.68 

2.93 

.05 

1.60 

0 

0 

38.02 

H^ 

1.20 

0 

15.82 

6.14 

10.89 

.68 

^    6.46 

12.19 

1.87 

0 

0 

T. 

55.25 

H^7 

0 

2.28 

.80 

5.75 

3.61 

15.61 

2.23 

6.65 

.78 

0 

0 

0.05 

37.66 

'-88 

.48 

0 

.95 

6.52 

11.73 

2.41 

4.59 

1.47 

1.14 

2.60 

0.06 

T. 

31.95 

M« 

.35 

0 

3.78 

8.14 

.58 

.71 

12.12 

4.20 

8.28 

.22 

.05 

.06 

38.47 

>-«() 

0 

9.20 

8.49 

21.04 

20.87 

10.74 

14.12 

3.02 

3.48 

.08 

0 

T. 

91.04 

)-«!.. 

2.29 

.35 

0 

7.34 

1.96 

10.52 

8.28 

3.65 

2.08 

2.18 

.83 

0 

39.28 

[-92 

.30 

.08 

1.61 

11.64 

4.01 

5.36 

7.11 

6.02 

6.57 

.41 

0 

0 

43.91 

J-113 

.51 

2.51 

8.21 

11.88 

6.91 

5.80 

12.94 

6.69 

1.44 

0 

T. 

0 

56.89 

l-W 

1.81 

1.% 

8.  a) 

1    5.37 

11.07 

12.25 

4.20 

2.10 

4.03 

1.64 

T. 

.61 

52.63 

1-96 

.78 

4.06 

1.48 

17.57 

18.64 

5.57 

4.60 

3.98 

3.92 

0 

.08 

.27 

60.85 

i-98 

2.91 

.17 

1.61 

5.87 

17.77 

.70 

10.98 

14.01 

4.68 

0 

.11 

.06 

58.72 

5-97 

1.00 

.49 

13.42 

1    5.13 

3.44 

15.83 

11.33 

2.15 

.15 

1.32 

0 

0 

54.26 

1-98 

.45 

3.09 

-3.49 

5.31 

2.04 

8.10 

1.68 

.99 

2.83 

1.49 

T. 

0 

29.47 

i-99 

.44 

1.87 

4.08 

2.84 

6.98 

.88 

18.06 

1.15 

2.41 

1.15 

0 

.32 

40.08 

M9a) 

0 

9.18 

9.08 

8.15 

4.43 

3.39 

6.40 

4.69 

2.59 

.10 

.05 

0 

47.96 

)-1901 

.99 

5.67 

9.65 

3.16 

9.94 

12.61 

1.98 

6.55 

.96 

0 

T. 

.07 

51.68 

1-2 

4.12 

3.98 

4.72 

6.08 

1.15 



15.75 

7.54 

3.90 

1.04 

.66 

0 

.16 

49.09 

rearxnettu 



51.08 

a  Year  incomplete. 
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Record  of  precipitation  at  Summit^  J^iacer  Oauniy. 
[Latitode,  .W  19^;  loniritade,  120<*  :?7';  elevatioii,  7,017  feet.    Authority,  Pfebcific  IUOwbt  Sf «:(r«. 


1870-71 

1871-72 

1872-73 

1873-74 

1874-76 

1876-76 

1876-77 

1877-78 

1878-79 

l»r9-80 

1880-81 

1881-82 

1882-83 

1883-84 

1884-«> 

1886-«J 

1886-K7 

1887-88 

1888->« 

1889-90 

1890-91 

1891-92 

1882-8:^ 

18a3-94 

1894-96 

1896-96 

1896-97 

1897-98 

1898-99 

1899-1900 

19(KM901 

1901-2 

32-year  mean 


Bept. 

Oct. 

0 

0.24 

0.38 

.40 

0 

0 

0 

0 

0 

3.80 

0 

0 

66 

8.18 

.30 

.59 

.44 

1.35 

0 

1.65 

0 

0 

.00 

3.38 

.75 

13.26 

.10 

1  06 

1.10 

3.13 

I  '  ! 

Oct.    Nov.  .  Dec.  i  Jan 


,05  I 

0 

T. 

0 

0 

0 
1.20 

0 

0 

.96 

.20 

.40 

.08 

0 

0 

.96 
1.40 


0 
3.10 

.07 

0 
5.65 

0 

.05 

.00 

.30 
1.28 

0 

.90 
2.50 
4.40 
16.06 
3.  SO 
4.20 


3.22 
9.33 

0 

0 

2.63 
I. as 

.53 
3.69 

.89 

6.  as 

.56  i 

3.40  I 
4.89  , 
1.33 

0 
13.60 
1.70 
1.60 
1.90 
6.80 

0 

.30 
8.80 

0 

.63 
1.40 
12.30 
26.50 
2.50 
9.15 
6.90 
4.70 


5.11 

28.88 
7.10 

12.68 

.94 

7.78 

.22 

2.50 

1.06 

17.00 
6.89 
9.52 
5.60 
3.66 
9.40 
3.00  ! 
5.75 

11.00 
5.26 

18.50  I 
7.40  t 

11.90  I 
9.50  I 
6.00  I 
9.53  I 
8.30 
4.10 
4.20 
3.00 
7.90 
3.50 
2.80 


8.44 

4.44 

2.56 

5.00 

8.66 

16.28 

17.89 

14.11 

11.51 

7.33 

8.00 

8.01 

1.11 

8.44 

1.40 

13.90 

6.25 

9.20 

1.00 

19.20 

1.50 

4.00 

7.90 

15.60 

25.80 

10.50 

4.06 

4.00 

12.70 

5.25 

11.30 

4.00 


Apr.     'Mm.y.  Jane.  July.  Ab^  T  ^4. 


8.39 

17.61 

18.00 
0 

13.89 

9.67 

.64 

13.58 
9.33 
8.33 
4.67 

10.00 
2.88 

14.  U 

.58 

1.40 

20.70 
1.2D 
1.60 

U.60 
1.38 
3.40 

10.80 

15.25 

4.20 

.70 

14.35 
7.10 
5.20 
4.75 

14.20 

16.30 


a38 
6.65 
6.73 
0 

5.22 

15.33 

3.82 

aaB 

23.37 
9.99 
1.67 

10.33 
8.60 

10.11 
.10 
7.80 
1.40 
8.06 
9.55 

14.00 
5.10 
7.40 

14.60 
3.40 
4.70 
9.70 

18.00 
5.20 

15. 75 
8.15 
4.60 
8.90 


2.77 
6.22 
2.72 
2.22 

.89 

a33 

.31 
2.67 
5.Qe 

33.71 
1.11 
3.61 
3.77 

14.00 
4.88 
6.40 
5.80 
2.30 
1.90 

0 
4.60 
4.50 
0.20 
4.30 
2.50 

18.20 
1.26 
.80 
1.75 
4.80 
5.50 
3.00 


0.31 

.33 

1.5S 

3.33 

1.58 

1.11 

4.08 

1.61 

2.83 

3.86 

.06 

.66 

a66 


1.00 

.96 

.95 

1.04 

6.30 

.80 

1.10 

6.80 

O 
2.40 
2.40 
5.40 

O 
2.90 
3.00 
3.97 
1.00 
1.10 


a  89 

0 
0 

.11 

2.64 

0 

.02 

O 

.11 

0 

.52 

0 

0 
4.10 

.80 

O 
1.60 
a72 


0 

0 

.90 

0 

0 

0 

0 

.70 

.90 

.70  I 

.50  i 

0 

.30  I 


0 
0 
0 
0 
0 
0 
l.S 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-10 

aso 

0 

0 

0 

0 

0 

0 

0 

.21 

0 

0 

0 

.26 

0 

0 


0 
0 
u 
u 
0 
0 

o.in 

.19 

u 

o 

0 
T. 
u 

T. 

0 

u 

ll 

0 

0 

ft 

0 

.   (\ 

'  Lffi 

T 

e 

l.u 


re 

€ 


fi'i 


r 

'A 

•  •   I 


I 


PPINCOTT.] 
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Record  of  precipitation  at  Towles,  Placer  County. 
atitnde,  3»«  18';  Ion«ritude,  lao*  38';  elevation,  3,704  feet.    Authority,  Pacific  Railway  System.] 


Year. 

Sept. 

Oct. 
0 

Nov. 

Dec. 

Jan. 
9.80 

Feb. 
0.50 

Mar. 

Apr. 
&80 

May. 

0 

June. 

July. 
0 

Aug. 

Total. 

wV>« 

0.80 

14.40 

7.00 

5.10 

0 

0 

41.40 

16-^ 

0 

0.80 

.80 

8.00 

4.85 

11.60 

1.10 

1.20 

T. 

0 

T. 

0 

22.85 

i7-^W 

0 

0 

.90 

1.06 

20.14 

1.71 

0 

0 

0 

1.06 

0.08 

0 

24.95 

itM© 

0 

1.11 

1.06 

1.01 

.45 

.90 

.60 

0 

0 

0 

0 

0 

5.15 

»90 1 

0 

A(« 

4.11 

11.40 

19.40 

14.60 

3.00 

0 

1.00 

0 

1.00 

0 

60.54 

KI-91 

.10 

1.02 

8.10 

8.08 

1.81 

14.65 

10.62 

2.50 

2.86     2.52 

1.40 

0 

58.60 

H-92 

1.06 

1.72 

2.23 

11.18 

4.95 

7.16 

9.32 

7.78 

8.10 

.75 

0 

0 

54.27 

fc>-«8 

.98 

2.74 

12.54 

17.33 

9.06 

8.65 

16.61 

7.98 

2.34 

0 

0 

0 

78.18 

i:j-94 

2.75 

1.76 

10.62 

6.78 

13.76 

10.10 

5.39 

2.42 

2.06 

2.15 

0 

0 

57.79 

M  96 

1.20 

5.60 

1.60 

13.88 

19.06 

7.24 

4.60 

5.15 

4. 76  :     0 

0  • 

0 

63.08 

r>-96 

4.25 

80 

2.16 

7.61 

21.84 

l.OB 

14.08 

15.66 

7.21 

0 

T. 

0 

74.14 

»-97 

8.04 

1.08 

3.12 

6.07 

5.25 

13.34 

5.48 

2.48 

.30 

1.30 

0 

0 

46.46 

*7-fl« 

.10 

1.78 

9.29 

4.61 

2.95 

8.29 

.50 

.50 

3.18     2.09 

0 

0 

83.29 

JP*— HW_  __..__ 

.48 

2.85 

5.35 

3.36 

8.54 

.90 

19.51 

1.48 

2.49     1.60 

0 

1.14 

47.70 

i»-1900 

0 

9.08 

10.90 

10.64 

8.04 

19.06 

3.07 

1.02 

.10 

0 

0 

0 

61.91 

IMMQOl 

.10  '  8.16 

18.06 

11.60 

5.99 

14.16 

6.08 

0 

1.10 

0 

0 

0 

65.25 

1)1-2 

20.01     1.10 

19.10 

15.91 

1.75 

SB.  25 

1.11 

.50 

1.52 

0 

0 

0 

82.26 

-Tear  mean 

__. _  ..    .1  

51.54 





Recoil  of  precipitation  at  Laporte,  Plumas  County, 
[Latitude,  39«  41';  longitude,  120°  50':  elevation,  5,000  feet.    Authority,  Weather  Bureau.] 


Year. 

Sept. 

Oct. 

Nov. 

1 

1 

Dec. 

Jan. 

Feb. 

Mar. 

! 

Apr. 

May. 

June. 

3.49 
0 

July. 

Aug. 

0.17 
.29 

Total. 

03-94 

1 

3.05    2.00 
4.00     8.56 

T. 
1.41 

"8.71 

©4-96 

'  1.13 

8.87 

1.32 

15.47  !  22.01 

6.65      6.12 

75.82 

4fcV96 

8.42 

.69 

8.35 

9.98     32.43 

2.84  1  16.20 

16.63  ;  9.32 

.09 

.31 

.25 

100.51 

«6-97 

2.29 

3.09 

28.87 

12.88  1    6.04 

17.92  '  13.51 

3.13    o.n 

3.94 

0 

T. 

87.37 

W7-9rt 

1.26 

4.84 

9.34 

6.63  '    2.53 

13.04    M.62  1  1.49     4.64 

2.73 

T. 

.(M 

48.16 

19K-99 

0.94 

3.31 

6.67 

3.36  1  12.95 

2.96 

25.26 

2.92  1  4.43 

1.48 

0 

.82 

64.83 

SI&-1900...... 

0 

18.30 

15.96 

16.23 

11.95 

5.66 

12.24 

6.51 

2.57 

.36 

.06 

T. 

89.84 

tt\-\9)\ 

.61 

13.02 

14.30 

8.79 

17.25 

18.35 

6.24 

7.48 

2.09 

T. 

T. 

.05 

88.18 

JOl-2 

5.26 

4.82 

9.10 

8.16 

2.64 

38.50 

10.09 

9.59 

2.28 

.64 

.(K 

T. 

86.10 

y oar  mean. 

80.10 

o  Year  incomplete. 
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Record  of  precipitation  at  Mumford  Hill,  Plumas  County. 

[Latitude,   39"  53';  longitude,  121*  Or/;  elevation,  4,75f)  feet.    Authority,  J.  A.  Edman,  M*»  t 

Valley.] 


Year.         Sept.  Oct.  '  Nov 


1876-77. . 
1877-78. . . 
1878-79... 
1879-80... 
188(MJ1... 
1881-^. . . 
1886-87  . 
1889-9()  . 
1890-91  . 
18Bl-fle. . 
1893-a<  . . 
1888-94.- 
1894-95... 
1895-96... 
1896-97... 
1897-98. . . 
1898-99. . . 
1899-1900. 
1900-1901. 
1901  2... 


0 
2.10 

0 

0 
l.dB 


1.50 

i.no 

.5f» 

.32 

1.79 

1.17 

9.35 

1.43 

.70 

.26 

0 

.20 
4.86 


1.10 
2.75 
4.01 

0 
3.28 


3.05 
5.15 
7.20 
.76 
4.32 


Dec.  I  Jan. 


11.40 
18.15 
12.38 
10.06 
16.57 
9.94 


Feb.     Mar. 


2.10 

3.75 

14.16 

24.34 

11.23 


5.  a) 
26.52 
12.62 

7M\ 
13.38 

8.60 


5. 13 
9.44 

9).  15 
5.18 
3.60 

10.75 


Apr. 

2.50 
2.10 
6.53 
23.54 
3.21 


9fav.  June.  July.  Aiuf 


3.«1 
1.83 
a60 
6.42 

,84 


1.72    il-acJ 


n    c?: 


48     2.06 


0 
1.13  ' 
0 

.54 
0 


.'Jb   0-7«'    4i 


0 
0 
0 
0 


18. 


.75 


1.50 
2.61 
1.27 
6.54 
1.13 
2.53 
3.78 
2.27 
15.38 
12.51 
4.27 


1.10  I 
'    2.06 

'  22. 70  I 
'    9.46 

,  3.48 

I  16.64  t 

,  8.17 

i  4.10 

]  13.09 

'  13.13 

'  8.85 


29.4^) 
8.18 

13.60 

24.98 
4.40 

24.00 
9.22 

11.13 
5.21 
1.94 

11.89 
7.70 
6.81 


3i.ro 

2.00 

5.45 

11.47 

17.46 

28.  IL 

32.70 

5.44 

1.73 

18.12 

10.99 

16.79 

2.38 


18.44 

5.12 

13.07 

16.48 

5.83 

1.20 

13.80 

12.74 

3.01 

3.10 

15.36 

25.42 


20.25 
7.90 
5.40 

13.89 
7.0-t 

10.59 

13.33 

15.07 
1,41 

17.04 
8.<6 
4.94 

10.60 


6.:i3 

3.17 
6.35 
8.4:J 
3.94 
3.80 
16.25 
1.59 
1.25 
2.35 
6.24 
5.(32 
6.77 


2.00 
2.30 
6.03 
3.23 
2.85 
7.18 
7.20 
.06 
4.9t 
2,92 
1.63 
1.34 
2.49 


0    :    0 

1.%    l.S 

0        0 


.16 
2.28 

0 

0 
2.14 
2.11 

.64 

.61 

0 

0 


0 

0 
0 

0 
0 

u 
u 

0 

.13 


.3 

0 


I. 
(I 
ii 
•I 


I  « 


1.4^    ^'^ 


II 

II 

KM 

'ti 

.it' 


c 


19-year  mean' 


a  Year  incomplete. 
Record  of  precipitation  at  Banning,  Riverside  County. 
[Latitude,  3:^*  56';  longitude,  116°  55';  elevation  2,317  feet.    Authority,  Pacific  Railwsy  i^}- 


Year. 


Sept. 


0 
0 
0 


1878-79 

1879-HO 

1880-81 

1898-99 

1899-1900 '     0 

1900-1901 0.10 

1901-2 0 


Oct.  ,  Nov. 


Dec.  I  Jan.  !  Feb.     Mar.    Apr.  '  May.  June.  July.  Aa#  i  - 


0  0      I    1.08 

0.02       2.84       4.55 

.52 


.87 


.69       2.23 
.47       3.94 


i.i: 


.50 


.88 

0 

0 


6-y oar  mean. 


2.37  I    0.68  '      0 
1.59  I    2.77 


75 


1.48 
2.40 


0 
0 


0 
0 


0        " 
0        «i 


ur 


2.70  I      .72  2.14  .08  ;  0.01  |  0.48      U  " 

1.29  I      .05  '  1.19  I  2.22     1.80       0        »  " 

4.12  '  6.46  I  .81  I  .60  I  1.21       0        0  11* 

2.74  1  4.8!r  4.6S  '  1.00       .06  1    T.   '  (LU  " 


<«  Year  incomplete. 


l»lT«C'OTT.] 


RAINFALL   TABLES. 


457 


Record  of  precipitation  at  Beaumont^  Riverside  County, 
tirucle,  33*»  55';  loniptude,  117*»  00';  elevation,  2,590  feet.    Authority.  Pa<"iflc  Railway  System.] 


Y*-a.i-- 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July. 

Aug. 

Total. 

'->«« 

1.30 
1.15 

1.18 
1.05 

5.78 
5.27 

0.87 
.61 

0.40 
.20 

0 
0 

0 
0 

0.50 
0 

» 10. 12 

y->^ 

0 

0.30 

3.92 

4.1U 

17.68 

►-V»> 

0 

1.53 

.er: 

11.  a3 

3.71 

4.74 

1.13 

1.15 

1.05 

0 

0.15 

.15 

25.40 

^-01 

1.04 

0 

.43 

2.74 

0 

8.70 

1.07 

1.72 

2.4:) 

0 

0 

.87 

10.00 

1#S5 

,    .i» 

0 

.23 

2.43 

.06 

3.53 

3.18 

.37 

1.87 

0 

0 

0 

13.(6 

*r-%0Li.        

0 

0 

1.65 

1.05 

2.07 

2.66 

0.67 

.40 

0 

0 

0 

.18 

10.48 

X~\*^ . 

0 

1.45 

0 

4.34 

.30 

2.00 

.35 

.32 

.43 

0 

0 

0 

0.28 

I  \>r> 

.42 

0 

0 

8.80 

11.40 

2.28 

2.72 

1.24 

T. 

0 

0 

0 

27.  Oi 

■>  Hci 

0 

.14 

1.90 

.34 

1.68 

.65 

4.48 

0 

.« 

0 

.25 

.31 

10.57 

V  i«7 

0 

2.24 

1.05 

.30 

5.00 

5.01 

4.6:) 

0 

0 

0 

0 

« 

10.10 

r  -\^ — 

n 

0 

0 

.43 

1.58 

.75 

1.05 

1.00 

3.00 

0 

0 

0 

8.71 

<  »#».> 

0 

0 

0 

1.20 

2.64 

1.02 

1.40 

.35 

.10 

1.07 

0 

0 

7.78 

*    11«M> 

0 

.88 

2.85 

.80 

1.45 

0 

1.16 

2.83 

1.72 

0 

0 

0 

11.28 

\  i«oi 

.25 

.38 

3.06 

0 

4.08 

4.77 

.35 

.35 

1.80 

0 

0 

.51 

16.47 

12*         

0 

1.56 

.48 

0 

2.51 

3.59 

4.14 

1.07 

.24 

0 

.05 

0 

1 

13.50 

15.60 

1 

1 

"Year  incomplete. 

Record  of  precipitation  at  San  Gorgon  io  Pass,  Riverside  County. 
*t  il\i<i«»,  33*  54';  longitude,  117'*  Oi';  elevation,  2,560  feet.    Authority,  J.  J.  Ring  and  M.  Murray.] 


Y«*«r. 

Sept. 

Oct. 

Nov. 

Deo. 

0.40 
1.23 

Jan. 

1.00 
0.31 

Feb. 

Mar. 

Apr. 

May. 

0 

June. 
T. 

July. 

0 
0.03" 

Aug. 

0 
0.12 

Total. 

X    Tx»               .  .  - 

0.60 
5.64 

O2.00 

5   70 

0.08 

0 

1.33 

6.26 

0.00 

.20       0 

25.04 

ly  77    

.10 

.18 

0 

0 

5.55 

2.08 

3.03 

2.50 

3.08 

0 

.30 

T. 

18.70 

7   7H    .     

.08 

1.30 

.80 

4.28 

6.08 

10.40 

4.40 

6.81 

1.33 

0.26 

.08 

.20 

35.06 

S.  7W. 

0 

0 

.07 

.02 

2.88 

1.78 

.55 

3.23 

.01       .62 

1 

0 

.22 

11.18 

»-><<) 

0 

1.00 

4.10 

0.30 

1.78 

2.81 

3.04 

6.04 

.14       0 

1 

T. 

.00 

20.20 

IV-KI 

l-«4 

0 

.50 

1.33 

10.27 

2.48 

1.86 

3.30 

3.62 

.35       0 

.04 

0 

24.74 

s^Ki-- 

0 

.53 

1.33 

.42 

8.30^ 

7.20 

4.38 

4.21 

.35  ,  i.:«) 

1 

0 

.62 

23.73 

Cir-t<4 

4          htiV 

1 

1 

1 

t4 — rSi> - - 

2.07 
.06 

1.73 
5.07 

3.07 

.08 

1.24 
2.04 

0          0 

0 
.07 

0 
0 

«0.01 

*f>  -^fp  -  -  —  -  -  - 

«6-«7 .  _ 

C7-MH 

0 
0 

0 
1.23 

.58 
1.51 

3.36 

.14 

0 

12.30 
fl2.74 

•  - 

_. 

.___1 -_- 

22.62 



1 

. 

"  Year  incomplete. 

Record  of  precipitatiou  at  Whiteicater,  Riverside  County. 
.atitrliie,  33*»  54':  longitude,  116°  :W;  elevation,  1,123  feet.     Authority,  Pacific  Railway  System.] 


Y«"«.r. 


t  t -7H- 
TH  79. 

71^  *^<)- 
H(>-«1. 

Ki  H4. 


Hept. 

'      0 
'      0 

0 

0 

0 

0 

0 


Oct.  I  Nov.     Dec.      Jan.      Feb.     Mar.     Apr.    May.  June.  July.  Aug.  Total 


0 
T. 
0 
0  15 
T. 
0 
.78 


0 

.18  I 

Las 

.84  • 

0 
.57 


0 


L30 
.46 

2.08 

1.70 
0 
0 

L02 


yt-AT  meftii 

j-^^TK. VTbitewater  ceased  reporting  after  August,  18<<4. 


1.40 

0.08 

0.45 

2.35 

0 

0 

0 

0 

1.30 

.28 

.34 

.30 

0 

0 

0 

0 

.51 

.42 

.20 

.12 

0.01 

0 

0 

0.25 

0 

0 

2.25 

.01 

0 

0 

0 

.46 

0 

.48 

.20 

.16 

0 

0 

0 

0 

.15 

.34 

.80 

.55 

0 

0 

0 

0 

1.10 

6.06 

3.C6 

0 

0 

0 

0 

0 



'.»" 

6.48 
2.86 
5.21 
4.01 
.84 
2.41 
13.81 
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I.. 


Record  of  precipitation  at  Sacramento,  Sacramento  County. 

(Latitude,  8B«  86';  loufotude,  ISSl"  dCT;  elevation,  H  feet.    Authority,  Signal  8«Tioetad  Waihs 

Barean.] 


Year. 

Sept 
0.26 

Ot-t. 

Nov. 
2.26 

Dec. 
12.50 

Jan. 

Feb. 
0.60 

1- 

Apr 

iMay.Jmie.ljnly.'Aiii:.  :^ 
t                   '        1 

184»-fiO 

1.60 

4.50 

10.00 

4.25 

0.25 

1 
0          0        i>      I'i 

186(M>1 

0 

0 

0 

0 

.66 

.85 

1.88 

1.14 

.09 

0,0       0       i" 

1861-^ 

1.00 

.18 

2.14 

7.07 

.68 

.12 

a  40 

.19 

.30 

0 

0  ,  «    n* 

1852-53 

0 

0 

6.00 

13.41 

3.00 

2.00 

7.00 

aso 

1.45 

0         0    i    n      %* 

1863^ 

0 

.01 

160 

1.54 

3.25 

a  60 

8.26 

1.50 

.21 

0.81       0        (•      i' 

1854^55 

0 

1.01 

.66 

1.16 

2.67 

a46 

4.80 

4.38 

1.15 

,01       0        0      -'i 

1856-56 

0 

0 

.75 

2,00 

4.92 

.69 

1.40 

2.13 

1.84 

.fti      0       0      .-> 

1866^7 

0 

.20 

.66 

2.40 

1.88 

4.8G 

.87 

0 

0 

.36  aoi    0     :> 

1 

1857-58 

0 

m 

2.41 

6.63 

2.44 

2.46 

2.^ 

;    1.21 

.30 

.10      0       fl      bft 

1858^*59 

0 

3.01 

.15 

4.34 

.96 

a  91 

1,64 

.96 

1.04 

0   I  .(B    "     :^' 

18HMI0 

.02 

0 

6.48 

1.83 

2.81 

.03 

5.11 

2,87 

2.49 

,02      .35     U      !<■ 

188tMJl 

.06 

.91 

.18 

4.28 

2.07 

2.92 

3,32 

i       .48 

;     .50 

.13      0        »)      -'i 

1861-62 

0 

0 

2.17 

8.64 

15.04 

4.26 

2.80 

.82 

1.81 

01 

Q    n.«»:    5.« 

18aMI3 

0 

.36 

0 

2.33 

i.rs 

2.76 

2.36 

1.69 

.35 

0 

0       0      1"* 

1863-64 

0 

0 

1.49 

1.82 

1.08 

.19 

1.80 

1.08 

.74 

.00 

0         I*     T'* 

1864-65 

0 

.12 

6,72 

7.87 

4,78 

.71 

.48 

1.37 

.40 

0      0     0    t: 

1865-66 

.08 

.48 

2.43 

.38 

7.70 

2,01 

2.02 

.48 

|2.25 

.10      .ttS     "      I'i 

1866-«7 

0 

0 

2.48 

9.61 

a44 

7.10 

1.01 

1.80 

.01 

0         0       0      i* 

1867-68 

.01 

0 

a  81 

12.85 

6.04 

a  15 

4.85 

2.31 

.27 

T.       0       »     '^■ 

1868-08 

0 

0 

.77 

2.61 

4.79 

3.63 

2,94 

1.24 

65 

.01  '    0        0      .' • 

1889-70 

T. 

2.12 

.85 

1.96 

1.37 

a  24 

1.64 

2.12 

.27 

T.       T.      0        " 

1870-71 

0 

.02 

.58 

.97 

2.08 

1.92 

.69 

1.45 

;  -^ 

T-       0 

0      *c 

1871-72 

T 

.21 

1.22 

10.50 

4.04 

4.74 

1.94 

.61 

'     .28 

.02      0 

U      5*^' 

187^73 

T. 

.22 

1.93 

6.39 

1.23 

4.86 

.55 

.51 

0 

T.       .08 

T.     U* 

1873-74 

0 

.31 

1.21 

10.01 

5.20 

1.86 

a  05 

.89 

.37 

T.       T.  .    t'     2» 

1874-75 

.06 

2.26 

3.80 

.44 

8.  TO 

.66 

.80 

T. 

T. 

1.10      0       0      "■ 

1875-76 

0 

.44 

6.20 

5.52 

4.99 

a  75 

4.15 

1.10 

.15 

0        .21 

.(C    1» 

1876-77 

T. 

3.45 

.30 

0 

2.77 

1.04 

.56 

.19 

.04 

.01      T. 

tr         >  • 

1877-78 

0 

.73 

1.07 

1.43 

9.26 

a  04 

a  00 

1.07 

.17 

0        0 

M     :*• 

1878-79 

.29 

.65 

.61 

.47 

a  18 

a88 

4.88 

2.06 

1.30 

.13      T. 

T.    :■'• 

187*-80 

0 

.88 

2.06 

8.41 

1.64 

1.83. 

,    1.?) 

14.20 

,76 

1     0        T.       ft      *'■ 

1880^1 

0 

0 

.05 

11.81 

6.14 

5.06 

1.37 

1.04 

T. 

'    .50      T,  .    0      *" 

1881-82 

.a) 

.55 

1.88 

3.27 

1.89 

2.40 

a  78 

1.99 

.35 

.10     T. 

0      > 

1882-83 

.57 

2.63 

3.22 

1.13 

2.23 

1.11 

aro 

.6T 

2.86 

0         0 

0     i»I 

1883^84 

.90 

.97 

.61 

.44 

a  43 

4.46 

a  14 

4.82 

.06 

1.45'    0 

T.     a'- 

1884-K5 

.60 

2.01 

0 

10.45 

2.16 

.49 

.06 

.68 

T. 

.11      T.      «      ■'' 

1885-^ 

.08 

.02 

11.84 

5.76 

7.96 

.29 

2.68 

4.  OB 

.07 

.  0    '    0   '   0     tf 

1886-87 

0 

.68 

.21 

2.21 

1.12 

a  28 

.94 

ass 

T. 

0         0       T.        • 

1887-88 

.02 

0 

.46 

2.09 

4.81 

.57 

ao4 

.10 

.40 

.08 

T.     T.    :^' 

1888^ 

.55 

0 

4.28 

4.63 

.15 

.83 

a  25 

.26 

a25 

.26 

0       n      >  * 

1889-90 

0 

6.02 

3.15 

1.82 

6.62 

4.06 

aoo 

1.33 

1.80 

0 

0      T     i" 

1890-91 

.80 

T. 

0 

3.34 

.!& 

a  61 

1.78 

2.04 

.06 

.06  ■   T.  '    •'      ■'' 

1891-92 

.10 

.10 

.48 

8.28 

1.78 

2.84 

a  02 

1.80 

2.88 

T.        0       *'      ■' 

1892-93 

.18 

.70 

6.00 

4.90 

a27 

2.66 

a  51 

1.08 

1.06 

0     ,    T.  '  T.     «• 

1893-94 

.22 

.12 

2.92 

1.76 

4.17 

a  92 

.74 

.84 

1.7D 

.46 

T.      T      ^• 

1894-96 

.88 

1.06 

.48 

8.86 

8.42 

1.84 

1.20 

.85 

.51 

0     '    .0*     T      * 

1895-96 

1.26 

.17 

1.54 

1.54 

9.76 

.09 

2.57 

5.34 

.92 

0        T.       i'    -' 

1886-97 

.31 

.65 

3.66 

1.76 

a  06 

4.15 

2.54 

.25 

.30 

.04       0       .»'    ■ 

1897-98 

.16 

1.96 

.61 

1.64 

.98 

a  19 

.04 

.88 

1.50 

.14  ,    0        «•      '  ' 

1888-99 

.86 

.04 

.61 

2.80 

a  94 

.04 

aoe 

.10 

.54 

.49      0        le    ^' 

1899- 1900 

0 

4.46 

2.62 

2.91 

a  64 

.82 

1.01 

1.88 

2.88 

T.       T.  '    "     ^' 

1900-1901  .... 

0 

1.74 

4.50 

1.38 

a  70 

a82 

.48 

2.28 

.80 

T.       T.      T.     2 

1901-2 

.56 

1.66 

2.68 

1.19 

.96 

a  62 

1.90 

1.86 

.46 

.01 

0 

T      •• 

&3-yearmean 

. 

--..---l. ...... 

1 

1 

PPINCOTT.] 
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Record  of  precipitation  at  Bamt<m\  San  Bernardino  County. 

atitude,  34«'  51';  longitude,  116°  59';  elevation,  2,150  feet.    Authority,  W.  L.  Burbeck,  Geo.  R. 

Gkxxling,  O.  W.  Fetts,  and  others.] 


Y««ir. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 
0.14 

Feb. 
0.04 

Mar. 
098 

Apr. 
0 

May. 
'  0  12 

June. 

July. 
0 

Aug. 
0  13 

Total. 

9M9 

0 

a1  3B 

9-90 

0.07 

0.23 

0.70 

3.87 

.36 

.15 

T. 

.07 

0 

0 

0 

.15 

5.60 

0-91 

.59 

0 

.05 

.52 

0 

2.47 

T. 

.05 

T. 

0 

T. 

.06 

3.74 

ii-ae 

.08 

0 

T. 

.25 

o  33 

&-98 

.11 

.27 

•fM 

.06 

T. 

0 

1  10 

0 

a2.3l 
1.45 

0-94 

0 

.22 

T. 

.72 

.08  ' 

.21 

.06 

0 

.22 

T. 

T. 

0 

>4-96 

0 

0 

0 

.92 

1.06 

0 

.20  [ 

0 

0 

0 

0 

0 

2.18 

6-96 

0 

.31^ 

T. 

0 

.16 : 

0 

.08  1 

0 

0 

0 

.07 

.87 

1.51 

W-97 

0 

1.55 

.25 

.30 

2.15  - 

1 

.65 

.11  1 

0 

0 

T. 

0 

.18 

1 

5.19 

'ear  mean. 

3.28 

)l-2 

, 

0 

0 

0 

0 

0 

0 

aO 



■ 

a  Tear  incomplete. 

Record  of  precijyitation  at  Deep  Creek,  San  Bernardino  County. 

jititude,  3**»   15^;  longitude,  17°  .07';  elevation,  5^800  feet.    Authority,  Arrowhead  Reservoir 

Compajaj.] 


Year. 

Sept. 

Oct. 
1.19 

Nov. 
1.20 

Dec. 
4.16 

Jan. 
1.94 

Feb. 
1.89 

Mar. 

Apr. 
0.70 

May. 

1 
June. 

0.12 

July. 

Aug. 

Total. 

98-94 

1.95 

2.75 

1.01 

0.09 

0.80 

17.80 

M-95 

.49 

.30 

0 

18.41 

13.14 

2.13 

7.21 

1.36       0 

0 

0 

0 

43.04 

96-96 

0 

0 

2.45 

1.09 

1.86 

.05 

3.52 

1.75 

.28       0 

0     '    .78 

11.78 

B6-97 

0 

2.28 

1.65 

2.41 

5.43 

13.08 

7.59 

0 

.19  i    .10 

0          0 

82.68 

97-98 

.28 

3.92 

1.17 

1.40 

4.20 

1.10 

1.89 

.17 

2.98  !    .(J5 

.11       .55      17.77 

08-99 

0 

0 

.53 


.49 

al.02 
al2.20 

24.61 

99-1900 

1.40 

.28 


3.07 

2.70     4.75 

-«■*•*' 

—  - 



year  mean. 

' 

...... 

1 
I 

1 

a  Year  incomplete. 

Record  of  prexnpitation  at  Bear  Valley  dam,  San  Bernardino  County. 
[Latitude,  84°  15';  longitude,  116°  58';  elevation,  6,500  feet.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar.   Apr. 

May. 

June. 

July. 

Aug. 

Total. 

«3-M.... 

• 

94.60 

»^^v...    ! 

1 



28.06 

<«6-W-...      ' 

1 

65.51 

W6-87...        ' 

1 

24.00 

W-^8... 

62.30 

«M«.            ' 

1 

46.08 
93.40 
78.40 
38.00 
44.32 

57.46 

H89-90..          ' 

W-91... 



H»l-« 

MBe-flB... 

. •••           .           • 

i 

0-year  mean 

I 

1 



. 

4«U) 


CALIFORNIA   HTDBOaRAPHT. 


X-    •- 


Recorfl  of  precipitation  at  Olen  Ranch,,  San  Bernardino  Ctmnty, 
[Latitude,  S4«  5(y ;  longitude,  117«  80^;  elevation,  8,112  feet.    Anthority,  Ja«.  M.  Applewhitf  < «;. 


Year. 


Sept. 


(>et.    Nov.     Dec.     Jan.  ■  Feb. 


1899-1900. 
1900-1901. 
1901-2.... 


0.10 
.81 
0     I  2.61 


0.08  :    0.96 
.46  '    9.39 


3-year  mean. 


Mar.  .  Apr.    May.  Jane.  July,  kaa  T  a 


2.15  I  0.10 
6.68  I  9.78 
1.78  I    3.67 


a.  84  I     1 .  9o      1. 


o.<B   afli    « 


43  '     1.40       .96       0         0        0      2>S 


5.54 


.53        0 


» i 


Record  of  precipitation  at  Holcomb  Creek,  San  Bernardino  C<mntfi. 

[Latitude,  34*»  17';  longitude,  117«»  06*;  elevation,  5,220  feet.    Antliority,  Arrowhead  B^rir 

Company.] 


Year. 

Sept. 

• 
Oct. 

Nov. 

Dec. 

0.41 

1.82 

.90 

.48 

Jan. 

Feb. 

Mar. 

Apr. 

MAy.Jnne. 

1 

July. 

0 
0 
0 

u 

An^  T'&l 

1894-96 

1896-96 

1896-97 

18R7-98 

189^90 

0 

0 

0.88 

0 

1 

' 
......I....... 

0         1.66 
1.70      1.06 
a32|    1.09 

0     1      .57 

10.06 
1.66 
a  86 
a  06 

0.61 
T. 
7.89 
.62 

4.86 

a24 
a42 
i.«r 

0.tt 

• 

1.0B 
0 
.10 

1 

0          0 

1  0.25        0 

.11    a20 

1.46  -     0 

1 

• 

1899-1900 

.38 

.21 

1.14 

1.25 

i.ao    ... . 

...     »i  • 

3-year  mean. 

1 

' ,  ::t 

1 

, 

! 1 

a  Year  incomplete. 

Record  of  prexnpitation  at  Little  Bear  Valient  San  Bernardino  Cmtnt^. 

[Latitude,  84»  LV;  longitude,  117°  la';  elevation,  5,160  feet    Authority,  Arrowhead  Rcwrr.  irr  : 

pany.] 


Year. 

Sept. 

1.21 
.52 

Oct. 

1.49 
.38 

Nov. 

2.55 
0 

Dec. 

Jan. 
2.48 

Feb. 
2.26 

Mjkr. 

Apr. 

May.  June.  July.  Aq«.  T  'i. 

1           1 

1898-94 

1894-95 

7.61 
20.12 

a  16 

0.62     1.34     0.1f    aU4    u.f.     ii ' 

1806-97 

1807-98 

—  «  >  •  •  * 

a80 

1.38 

149 

.25 

4.86              1     0     -*• 

1898-99 

T. 

.62 

.74 

1 

1899-1900 

1.39 

.43 

a4« 

ail 

4.68 

'  .1* 

— 

<i  Year  incomplete. 

Record  of  precipitation  at  Mill  Creek  *'^,"  San  Bernardino  (^ountif. 

[Latitude,  '.W"  (15';  longitude,  ]16«  54':  elevation,  5,000  feel.    Authority,  Redlandn  EUrtrr  Ur 

and  Power  Ootnp»by.] 


Year. 

Sept. 

Oct.     Nov. 

1 

De<». 

Jan.     Feb. 

3htt.    Apr. 

1 

May.' June.  July. 

Ai»  T* 

1899-1900 

1 

2.62  1    0.48 
4.82      6.00 

2.26 

.n 

4.49 
.39 

1 

1900-1901 

1     

1    9.(16 

0 

1.86 

0            A 

l.S"  i^" 

1901-2 

0 

1.95         .82 

» 

1             ' 

aYearincom] 

t>letB. 

IPPINCOTT.] 


RAINFALL   TABLES. 
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Hecffrd  of  precipitation  at  Mill  Creek  **B,"  San  Bernardino  CoutUy. 

i^titiide.  340  04';  longitude,  lie^  58';  elevation,  2,915  feet     Authority,  Redlands  Electric  Ligrht 

and  Power  Company.] 


Year. 

Sept.  Oct. 

Nov. 

Dec. 

Jan. 

Feb. 
0.07 

Mar. 

Apr. 

May. 
3.31 

June. 

July. 

Aug. 

Total. 

fW~19UIJ 

1.41 

1.48 

3.74 

0 

0 

0 

a9.96 

<K^1901 

1. 14     1. 15 

1 

4.96 

0 

«7.26 

»  Year  incomplete. 

Retiord  of  precipitation  at  Morse's  house^  San  Bernardino  County. 

.Atitude,    84°  IS^;  longitude,  117°  12';  elevation,  5,3G0  feet.     Authority,  Arrowhead  Reservoir 

Company.] 


Y*»r. 

Sept. 

Oct. 

Nov. 
2.75 

Dec. 
14.78 

Jan. 

Feb. 
3.9« 

Mar. 
5.00 

Apr. 
1.87 

May. 

June. 

July. 

Aug. 
0.74 

Total. 

«Ci-»4._ 

0.25     2.44 

4.78 

2.08 

0.60 

0.02 

38.69 

©4-96 

.67       .47 

0 

26.  n 

18.00 

5.85 

1^.54 

2.91 

0 

0 

0     '     0 

67.21 

85-96 

0          0 

4.18 

3.11 

5.95 

.08 

7.90 

2.63 

.89 

0 

0          46 

25.20 

9t$-«7 

0       3.83 

1.96 

2.73 

9.34 

20.14 

16.61 

.15 

.18 

.40 

0         0 

54.34 

I»7-^^ 

.73 

5.06 

1.93 

1.85 

6.37 

2.96 

4.22 

.70 

8.2r 

.25 

.08      .30 

32.74 

88-99 

.34 

.74 

1.28 

a  2. 36 

S)9-190(l 

2.20 

.44 

3.83 

5.81 

8.64 

<i20.92 

. , — 

vf^Ai"  mfm-T* 

43.64 

a  Year  incomplete. 

Rectrrd  of  precipitation  at  Rancho  del  Jurupa,  San  Bernardino  County, 

^atimde,  34°  02';  longitude,  117°  27';  elevation,  1,U»  feet.    Authority,  United  States  post  hos- 
pital.] 


Year. 

Sept.  Oct. 

Nov. 

2.89 
.44 

Dec. 

7.60 
2.04 

Jan. 

Feb. 

Mar. 

3.15 
3.09 

Apr.    May. 

.  1 

1 
0.33     1.14 

June.  July. 

0          0 

1 
1 

Aug. 

Total. 

|«}-H3 

«3-^-- 

0     1     0 

0    i    0 

1 

0.25 
1.64 

0.67 
2.34 

0.18 

16.11 
n9.55 

1 

1 

«  Year  incomplete. 

Record  of  precipitation  at  Redlands,  San  Bernardino  County, 
:^ati*^^u€le,  34°  OB';  longitude,  117°  10';  elevation,  1.335  feet.    Authority,  Pacific  Railway  System.] 


i 

Year. 

Sept. 

Oct. 
0.05 

Nov.. 
4.12 

Dec. 
4.64 

Jan. 
0.68 

Feb. 

Mar 
5.70 

Apr. 

May.  Jnne.' July. 

Aug. 
0.28 

Total. 

<*<8-«» 

0 

1.47 

0.99 

0.58 

0 

0 

18.51 

<80-9() 

0.31 

1.50 

52 

13.72 

4.69  ' 

3.03 

.89 

.16 

.68 

0 

0 

2.16 

27.66 

<9IV91 

.88 

29 

0 

3.(KS 

0 

9.28 

1.19 

.91 

1.10 

0.28 

0 

1.63 

18.68 

»l-92 

.97 

0 

0 

I.. 31 

.87 

4.37 

2.06 

.13 

0 

0 

0 

0 

9.91 

«2-93 

.03 

0 

.46 

1.14 

2.:« 

2.65 

6.26 

.05 

0 

0 

.03 

0 

13.01 

«C*-94 

.18 

1.00 

.05 

2.59 

.67 

.90 

.50 

.31 

.62 

0 

0 

.11 

7.02 

«4-95 

.10 

.(J8 

0 

4.:j5 

6.54 

1.12 

2  74 

0 

.46 

0 

0 

0 

15.38 

*g6-96.- 

0 

.03 

1.17 

.33 

1.29 

.06 

2.47 

.43 

.85 

0 

0 

1.08 

7.66 

496-97 

0 

1.72 

2.07 

.16 

4.33  , 

3.89 

1.92 

.10 

.19 

0 

0 

0 

14.38 

497-98 

.83 

192 

.07, 

.51 

2.56  , 

.60 

.84 

.18 

1.69 

0 

0 

T. 

9.10 

«W-90 

01 

.01 

.:»; 

.40 

1.92 

.71 

1.50 

.08 

.24 

87 

0 

.04 

6.08 

K99-1900 

,06 

.65 

1.28' 

1 

.46 

1.20 

T 

.78 

2.08 

1.41 

0 

.04 

0 

7.90 

»|0-1901 

.50 

.58 

3.H8 

0 

2.25 

3. 7« 

.46 

T. 

1.62 

AH 

0 

0 

13.07 

901-2 

(1 

.92 

.09 

T 

1.64  , 

2.58 

2.82 

.86 

.m 

.31 

.07 

0 

8.87 

4- year  mean 

12.64 

1 

1 
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Hecord  of  precipitation  at  Rings  Station,  San  Berttardino  Cmnt§. 
[Latitude,  34°  0)f:  longitude,  116°  US';  elevation,  4,aJ0  feet.    Authority,  John  J.  Ria? ; 


Year. 

Sept. 
0.00 

Oct. 
0.61 

Not. 

0,78 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July. 

0 

Aog.  1:41 

1874-75 

2.55 

5.04 

2.08 

0.58 

0.37 

0 

0 

tt      £"' 

187&-76 

.43 

T. 

4.  OB 

.25 

9.31 

5.54 

6.23 

.W 

0.  a)  '    0 

0.(6 

A      f.^ 

l»76-77 

.19 

.18 

0 

0 

5.75 

2.33 

3.93 

2.50 

3.98      0 

.30 

0      Ui 

18n-78 

0     1  1.30 

0.80 

4.03 

6.08 

10.49  1 

4.41 

6.86 

1.33    0.26 

.(B 

U.3P    5% 

1878-79 

0         0 

.97 

1.58 

i.ifs 

5.11 

.55 

a23 

0         0 

0 

0      US 

18T»-80 

0     1  1.00 

4.10 

9.30 

1.78 

2.81 

3.04 

1.39 

.  14       0 

0 

It  £:* 

188(MJ1 

0     I    .50 

1.06 

10.27 

2.48 

1.86 

3.39 

2.93 

.35       0 

.M 

0      5" 

1881-82 

0 

i.ao 

.06 

.42 

3.30 

7.29  1 

5.38 

4.21 

.35     1.3I> 

0 

a     Sff 

8>yearmean. 

ik 

I 

. 

_ 

Record  of  precipitation  at  Santa  Ana  Canyon,  San  Bernardino  Cauni$. 
[Latitude,  34*  09* ;  longitude,  1 17»  07';  elevation,  3,000  feet.    Authority,  Edison  Electric  a>c|CF 


Year. 

1 
Sept. 

Oct.    Nov. 

i 

Dec. 

Jan.  1  Feb. 

1 

1809-1900 ' 

■ 

1900-1901 ' 

.  '     .... . 

5.53      7.83 

Jan.  I  Feb.  .  Mar.     Apr.    May.  June.,  July.  Aug  T  r.^ 

_   I ' 

5.87 


0.74 
.83       1.10  I    1.38 


Iff; 


1.9& 


a  Year  incomplete. 


Record  of  precipitation  at  Squirrel  Inn^  San  Bernardino  County. 

[Latitude,  34°  12';  longitude,  117-  15';  elevation,  5,300  feet.    Authority,  Amiwhead  Eswr 

Comxxiny.] 


Year.       iSept.  Oct.  i  Nov. 


I 


Dec.  I  Jan. 


1893-94 1  0.38     1.90  I    6.00  |    8.98 

1894-95 '    .50  :    .34  '      0      i  16.38 


4.00 
14.22 


1895-96... 
1896-97... 
1897-98... 
1888-99. . . 
1899-1900. 


0 


0 


2.92  I    1.98  i    4.51 


I     0 


3.20       1.60 
0     ' 


I 


.06  I    .37 


70 


!■ 


4-year  mean. 


2.23 


1.35 


7.65 
4.98 


1.73 


Feb.  I  Mar.  ■  Apr.    May.  June.  July.  Aoe  Ta 


a23  I    a54  '     1.17  '  1.37     0.23       0      0.6    S  ' 
5.85  \    9.58      2.53       0  0 


0  5.60  ' 

18.31  '  12.17 
1.95  I    2.98 


.98      .89       0 
13    3.08       .20 


.68 


26  I    8.04 


6.50 


0  0      *''• 

0  *  '.'• 

0  n      V '- 

0     <>* 


4.81  I  6.37    '! 


o  Year  incomplete. 

Record  of  precipitation  at  Upper  Holcomb  Valley,  San  Bernardino  Connt} 

[Latitude,  34°  18';  longitude,  116"  65';  elevation,   7,200  feet.    Authority,  Arrowhead  B«<r^ 

Company.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 
2.60 

Feb. 
0.40 

Mar. 

Apr. 
0.50 

May. 

June. 

July.  Attf 

1897-98 

1.50 

a  Year  incomplete. 


INCXJTT.] 
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Record  of  precipitation  at  Campo,  San  Diego  County. 
[L&titnde,  dS^  37';  longitude,  II60  30^;  elevation,  2,660  feet.    Authority,  A.  Campbell,  Campo.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

2.29 
1.84 

Apr. 

1.08 
5.75 

May. 

June. 

0 
0 

July. 

0.50 
2.32 

Aug. 

0 
0.01 

Total. 

r<^-TT-_ 

0.91 
.41 

a  4. 78 

rr-78-> 

0 

0.35 

1.60 

2.44 

1.79 

5.45 

•21.86 

•S-7» 

0 

.31 

.55 

1.29 

2.18 

1.32 

.60 

2.01 

0 

0 

0 

0 

8.26 

:9~^o 

0 

0 

3.00 

2.28 

3.00 

2.15. 

8.56 

4.00 

0 

0 

.12 

.41 

18.47 

^\-Hi 

0.01 

.68 

.85 

4.85 

1.74 

.53 

5.00 

1.52 

.12 

0.04 

.07 

1.27 

16.68 

a -82 

.02 

.73 

.11 

.24 

3.10 

4.57 

1.01 

1.10 

.18 

.26 

.62 

.53 

12.47 

y2-83__ 

.02 

a. 02 

<8~-89    _    

4.65 
7.25 

4.00 
1.69 

1.86 

.45 
.90 

.10   -.-.... 

2.50 
2.67 

a  11. 70 

«»-go 

.50 

1.10 

1.67 

9.34 

2.40 

.16 

2.26 

31.80 

«V-91 

1.80 

.44 

.95 

2.80 

0 

13.30 

.50 

1.30 

.75 

0          0 

616. 10 

37.84 

n-92-- 

0 

0 

.25 

3.21 

.75 

4.55 

3.30 

1.25 

2.75 

.35 

0 

0 

16.41 

12-93 

0 

.12 

.71 

.50 

3.55 

3.65 

7.19 

1.54 

.41 

0 

0 

0 

17.67 

Xi-9f 

.57 

.11 

3.38 

2.08 

5.89 

5.83 

1.01 

.80 

4.88 

1.26 

0 

0 

25.81 

«-19UO 

.24 

.60 

1.61 

1.15 

2.65 

.10 

.55 

2.07 

1.04 

.10        0 

0 

10.11 

)»»-1901 

.05 

.28 

4.47 

0 

2.09 

8.22 

.60 

.54 

1.18 

0 

.61 

.68 

18.70 

n-2 

0 

1.02 

.43 

.23 

4.28 


4.72 

4.00 

1.33 

.07 

.12 

2.24 

0 


18.44 

■year  xxiean 





19.54 

f*  Y€3ar  incomplete.  6  Cloudburst;  rain  gage  washed  away.    Record  incomplete. 

^Record  of  precipitation  at  Cuyamaca  Reservoir,  San  Diego  County. 
Atltude..   83*  00';    longitude,  116*  40^;    elevation,  4,800  feet.     Authority,  San   Diego  Flume 


Oct. 

Nov. 
3.64 

Dec. 

Company.] 

June. 
0 

July. 

Year. 

Sept. 

Jan. 
3.35 

Feb. 

Mar. 
4.12 

Apr. 
0.21 

May. 
0 

Aug. 

Total. 

<T-88_ 

0 

0.78 

6.00 

3.12 

0.98 

0.04 

22.19 

SH^89 

0.21 

3.82 

8.38 

13.30 

•2.90 

4.70 

12.85 

3.44 

2.22 

0 

0 

1.71 

58.57 

*9-90 

,03 

3.82 

1.64 

20.96 

8.06 

16.36 

4.00 

1.02 

3.92 

0 

.09 

.90 

60.79 

J0-91-_ 

1.45 

.58 

3.62 

12.14 

0 

34.70 

3.1: 

8.50 

3.69 

0 

.04 

.30 

63.19 

Jl-92 

.69 

0 

.45 

6.75 

7.23 

6.47 

7.76 

3.35 

5.90 

0.67 

0 

0 

88.27 

KJ-»3-. 

0 

.30 

2.87 

8.76 

5.55 

9.13 

15.60 

1.00     1.00 

0 

1.20 

.30 

40.71 

?»-94. 

0 

1.90 

8.80 

2.76 

2.05 

2.05 

0 

0 

1.00 

.50 

0 

.50 

14.05 

i*4-95-- 

.30 

0 

0 

12.80 

28.43 

4.60 

5.89 

1.10 

1.16 

0 

0 

0 

54.28 

»5^96 

3.00 

1.08 

6.01 

1.66 

5.77 

.20 

3,01 

1.78 

.92 

0 

1.29 

.87 

25.54 

SW-97_- 

1.06 

4.98 

8.45 

8.74 

6.82 

8.14       8.56 

.22 

.38 

0 

0 

0 

36.80 

07-98-- 

.36 

5.00 

1.07 

2.46 

5.47 

1.97 

4.06 

1.24 

5.97 

0 

0 

1.32 

29.01 

3H-99 

0 

0 

.88 

.96 

7.02 

1.53 

7.23 

.98 

.47 

2.96 

.04 

T. 

22.07 

)9-190O 

0 

4.51 

3.45 

2.49 

8.62 

.26 

2.61 

6.60 

2.81 

.10 

.28 

0 

26.72 

IH)-1901 

.92 

.74 

11.97 

.04 

8.17 

13.28 

2.32 

1.24 

3.87 

0 

T. 

.09 

42.62 

W-2 

.06 

1.94 

1.48 

.52 

8.17 

5.70 

13.82 

2.00 

.14 

.17 

1.54 

... 

0 

86.65 

-year  mean 

37.76 

1             1             1                      i 1 

Record  of  precipitation  at  Descanao,  San  Diego  County. 
Atitude,  35J**  oO';  longitude,  116*  40';  elevation,  3,500  feet.    Authority,  E.  W.  Hulburd,  Descanso.] 


Year. 


Sept. 

Oct. 

Nov. 

T. 

0.38 

4.37 

O.OB 

2.n 

2.12 

.56 

2.88 

.40 

.35 
.25 
6.50 

.87 


Dec. 

Jan. 

1.00 

2.98 

2.48 

6.48 

2.90 

.5.28 

1.00 

3.49 

1.06 

4.00 

.15 

3.25 

.12 

4.47 

Feb.  I  Mar. 


Apr.    May. 


0.10 

6.27 

.89 

1.69 

.75 

11.00 

4.52 


8.04 
5.21 
4.11 
2.73 
1.25 
1.40 
8.00 


June.  July. 


Aug. 


Total. 


1.14 

0.17 

0 

0.30 

1.38 

.16       .21 

o.m 

.62. 

.04 

.90 

2.35 

0 

.15 

.83 

.25 

1.46 

0 

.15 

.38 

4.25 

2.69 

.06 

0 

T. 

.57     1.53 

0 

T. 

.78 

I.TjO 

.06 

0 

.45 

0 

19.81 
26.29 
21.20 
11.49 
15.9;S 
26.06 
21.24 


yearm©***- 


20.29 
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Record  of  precipitation  at  Julian,  San  Diego  County. 

[Latitude,  8S»  04';  longitude,  116«  W;  elevation,  4,500  feet.    Anthoritiea.  J.  A.  Beek  and  Xr^  ^ 

,     Harritt.] 


Year. 

• 

Sept. 
0 

Oct. 
0 

Nov. 

4 

Dec.  1 
4.50  1 

Jan.  , 

1.50 

1 
Feb. 

Mar. 

Apr. 

May. 

0 

June. 

July.  Ab?. 
0         ♦' 

T.v- 

iSTIMO 

2.13  1 

6.75  1 

9.25 

7.50 

0 

3« 

1880^1 

0 

0 

2.25  1 

2.75 

5.13^ 

4.88 

8.13 

2.75 

0 

0 

0 

o 

5  * 

1881-i« 

0 

0 

1.88 

6.88 

5.13  1 

as8 

7.13 

4.88 

u 

0 

I) 

1 

S> 

1882^ 

0 

0 

5.13 

6.25 

10.04 ; 

6.63 

9.13 

4.13 

0 

0 

1      0 

(1 

T           t 

?1 

1883-84 

0 

2.75  , 

0 

6.00 

2.25 

20.63 

15.63 

10.63 

3.63 

0 

0 

i, 

M'£ 

1889-90 

« 

6. 12  ' 
.<T7 

10.39 
19.32  ' 

3.63 
2.09 

1.11 
2.66 

2.54 
a  00 

0 
0 

n 

IS 

"f  ^ 

1890-91 

1.25 

0 

2.00 

6.36 

-u 

1891-92 

.81 

0 

2.25 

8.61 

6.17  1 

6.09  ' 

1.54 

6.11 

3.55 

1  0.41 

1     0 

,1] 

.I-;. 

1892-98 

« 

.50 

1.53 

2.81 

3.76 

3.72  1 

14.42 

.  06 

.62 

0 

l.fi 

X 

3-  i 

1898-94 

.<» 

2.au 

3.25 

4.00 

4.40 

2.77  ' 

4.19 

.38 

.<» 

JH 

.1" 

.3k 

i.i 

1894-95 

.21 

T. 

0 

0.38 

16.32  I 

3.80 

5.04 

.95 

.45 

T- 

T. 

> 

#v 

1896-98 

0 

.70 

2.60 

.76 

4.55 

•«. 

6.10 

> 

1.40 

.10 

0 

1 

i: 

.3* 

-■    - 

11-year  mean 

1 

t 

:M 

1 

1 

1 

, 

, 

(■Year  incomplete. 

Mectyrd  of  preci].ntation  at  Laguna,  San  jyiego  County. 

[Latitude,  38°  5IK;  lonRitude,  116°  31';  elevation,  5,440  feet.    Authority.  Arrb.  Campbell C»=t 


Year. 

Sept. 

Oct. 

Nov. 

De<^ 

1 
Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  July.  Avg. 

Tt-i 

1884-85 



2.10  1   1.36 

!  11. 17       0      1  "C 
0     ,0.21    2« 

'  1 

188o-«6 

0.44 
.29 

2.71 
1.40 

0.60 
0 

i            ' 

1            1 

•  ; 

1886-87 

0 

■ 

* 

1890-91 

.60 

0        LIS    tn 
0          0         " 
:     0       1.50    :t« 

■  t> 

1804-95 

9.97 

2.74 

1.80 



17.44  1    2.87  1    2.70 

0 

.i.-' 

18ft5-96 

1896-97 

0 
0 
O.ft^ 
0 
0 

.31) 
0 



3.35 
2.50 

0 
1.85 

.40 
1.42 

6.40 

2.48 
0 

3. 

3.80 

55 
1.08 

5.60 

1-55       .25 

1 

t"*- 

J 

1897-98 

189&-99 

8.10 
16. 

UO 

4.44 

0,0        " 
0     i     0        '• 
.30        0         '■ 
0      j     .42     125 
.21     2.3!       <.• 
1             1 

% 

1899-19(J0 

1900-1901 

1901-2 

2.70 

6.20 

.54 

1.65 
0 
.35 

3.30 

5.60 

.40 

.37 

8.60 

.35 

i.a» 

.95 
6.15 

3.80 

.71 

1.CB 

2.19 

2.09 

-11 

*•    * 

5-year  mean. 

■. « 

1 

1 

... 

«Year  incomplete. 

Record  of  jjrecipitation  at  Nellie^  San  Diego  County. 
[Latitude, ;«"  20';  lon^tudo,  116°  56';  elevation,  5,240  feet.    Authority,  N-  A.  Cl*rk- 


Year.         Sept.'  Oct.  ,  Nov.  j  Dw. 


1901-2. 


2.65  '     1.76 


Jan.     Feb.     Mar. 


Apr. 


2.20 


May.  June-  July.  Aa#  T  s- 


0.25         0     I  0.06      f'      '^ 


a  Year  incomplete. 


*■*■?«  <^!OTT.] 
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Record  of  precipitation  at  San  Diego,  San  Diego  County, 

tt  i  t  ude,  38°  45';  lon^ritade,  IIT*  8';  elevation,  69  feet.    Authorities,  U.  8.  War  Department  and 

Weather  Bureau.] 


Sept.,  0<;t.    Nov.  ,  Dec.  '  Jan.  ,  Feb. 


t*  r>o_  _ 

[V  r>i_  - 

l-.'»2_  _ 

a-^-vj.  _ 

»4>*. 

4-  TnZy 

7>  ri» 

ft -.57 

►7   JiK_  _ 

►S-  fiO 

»»-00 

a>-^i-- 

51-tt2 

i0-O3 

sv-e4__ 

M-«> 

;W«« 

rtrt-67-_ 

i?r-«8 

{5H-^» 

0S>-70 

7(>-71 

r;i-72 

.73-73 

73-74 

C4-75-- 

<75-76.  _ 

^TtWTT 

C7-7K_ 

<7M-79 

■^Tft-^) 

^HCV^l 

ssl  «2 

KHa-H3 

KKi-H* 

HH4  Hr> 

Wf>-H« 

SH6-*<7 

887  W 

888-^89 

»«»-«n 

HWMIl 

891- 92 

8ie-l« 

H»^94 

V8W  «6 

i8ir>-«6 

I»J»97 

I8M7-W 

18118-99 

V«»-1«)0 

l9f)0-19fH 

1901-2 

5S-year  mean 


0 

O.OBJ 

0 

0 

.00 
0 

.07 
.01 
.10 
0 
0 

\.m 

0 

.% 

0 

0 

0 

0 

.05 

0 

0 

0 

0 

0 

.11 

.3B 
.08 
0 
0 
0 
0 

.(H 
.01 
0 

.07 
T. 
0 
T. 
.04 
T. 
.66 
.08 
T. 
0 

.01 
.01 
T. 
T. 
.07 
0 
T. 
.06 


0.19 
.01 
.06 
0 

.27 
.11 
0 

.49 
.47 
.18 
0 

.06 
.89 
0 

.04 
.02 
0 

.34 
0 
.06 

1.54 
0 
0 
0 

.58 
0 

.08 
.81 
.96 
.29 
.53 
.24 
.41 

2.01 
.35 
.31 
.05 
T. 
.26 

2.12 
.01 
.04 
.22 
.11 
T. 
.27 
.97 

1.06 
0 

.85 
.30 
.28 


2.82 

.25 

1.45 

1.28 

.04 

2.15 

1.22 

2.16 

.28 

1.49 

2.88 

1.19 

.06 

.73 

2.41 

.52 

.24 

.45 

2.a) 

2.32 

.18 

1.33 

0 

.77 
.88 
2.25 
.04 
.06 
0 

2.77 
.28 
.12 
.39 
.30 
.11 
1.66 
.95 
2.08 
1.83 
.12 
.72 
.10 
.94 
.91 
0 

1.19 
.98 
.02 
.15 
.86 
1.43 
.41 


1.98 

8.74 

4.60 

1.77 

3.29 

.41 

1.30 

1.30 

3.10 

l.T» 

2.99 

3.20 

.98 

.04 

1.04 

.84 

1.82 

3.06 

1.52 

.94 

.42 

1.30 

1.40 

5.46 

.55 

.41 

.15 

3.89 

1.57 

6.30 

4.15 

.30 

.13 

1.82 

5. 12 

.71 

.10 

1.14 

2.84 

7.n 

1.61 
1.29 

.69 
1.91 
2.26 

.27 
2.18 

.:« 

.87 
.&5 
0 
.(B 


0 

0.08 
.58 
.50 
.99 

1.97 

1.27 
.26 

1.62 
0 

.72 
.82 

5.66 

.:« 

.04 

1.28 

5.06 

2.82 

3.37 

2.88 

.54 

.62 

.  99 

.44 

3.11 

2.38 

2.47 

1.06 

1.45 

3.54 

.61 

.52 

4.53 

l.(» 

1.34 

.35 

6.96 

.04 

1.96 

1.72 

2.79 

1.21 

1.58 

.78 

.29 

7.3;j 

1.27 

3.13 

1.71 

2.34 

.09 

2.08 

1.70 


Mar.    Apr.  i  May.  June. 


1.13 
1.51 
1.84 

.20 
2.66 
3.59 
1.88 
1.76 

.44 
1.89 
1.49 

.79 
1.39 
1.09 
2.60 
3.00 
3.43 

.a5 

1.63 

1.88 

.n 

1.36 
2.68 
4.15 
3.73  ' 

.T* 
2.44 

.18 

4.8:^ 

1.04 

1.50 
.45 

2.55 
.96 

9.06 
.02 

1.61 

4.61 

1.48 

1.80 

1.70 

4.84 

2.96 
.47 
.49 
.53 
.02 

2.72 
.06 
.30 
.(« 

4.77 

1.57 


1.00 
.34 
1.87 
1.S2 
1.88 
1.30 
1.59 
0 

1.24 
.20 
.15 
.06 
.97 
.33 
.20 
0 

1.47 

7.88 

.73 

1.98 

.33 

.01 

.46 

.11 

1.30 

.45 

1.78 

1.44 

1.41 

.10 

1.43 

1.88 

1.02 

.41 

6.2:) 

.78 

3.73 

.02 

2.79 

2.20 

.41 

.27 

.96 

5.50 

1.05 

1.43 

2.80 

1.68 

.91 

.86 

.5:^ 

1.07 
1.86 


0.09 

.87 

.86 

.25 

.89 

1.62 

2.17 

.04 

.17 

.36 

.65 

AM 

1.05 

.13 

.01 

.66 

.11 

.48 

1.20 

.63 

.20 

.70 

.36 

.10 

.34 

.12 

.06 

.26 

2.91 

.60 

1.34 

1.35 

.45 

.31 

2.84 

1.20 

1.96 

2.14 

.10 

.19 

.06 

.76 

.41 

.22 

.11 

.11 

.25 

.02 

.22 

.29 

1.26 

.01 

.21 


0 

0.71 
.32 

2.10 
.18 
.06 
.29 
.06 
0 

.17 
.04 
0 

.16 
.02 

1.26 
0 

.00 
.04 
.15 
.33 
.28 
.34 
.12 
.08 
.34 
.20 
.06 
.43 

T. 
.06 
.04 
.18 

1.14 

2.17 
.61 
.04 
.47 
.22 
.03 
.08 
.35 

1.15 
.39 
.09 
.19 
.08 
.12 
.06 
.10 

1.45 
.  I  < 
.06 


0.68 
.01 
0 

.06 
.01 
0 
0 

.03 
.19 
0 

.06 
.19 
.48 
0 

.01 
.01 
0 
0 
0 
0 
0 

0   . 
0 
0 
0 

.02 
.06 
0 

.16 
.07 
.06 
.06 
.07 
.08 
.81 
.06 
.07 
.04 
.04 
.10 
0 

.05 
.13 
T. 
.01 
0 

.01 
T. 
.02 
.27 
.08 
.02 
T. 


July.  Aug. ,  Total. 


0 

0 

0 

0 
0.07 

0 

0 

0 

0 

.02 

.14 

0 

.11 

0 

.11 
1.29 

0 

0 

.51 

.06 

.04 

0 

0 

0 

.12 
•  0 

.08 

0 

0 

0 

.09 

0 

0 

0 

0 

T. 

T. 

.01 

.01 

T. 

0 

T. 

0 

T. 

0 

0 

T. 

.01 

0 

0 

0 

T. 

.92 


0 

0 
0.40 

.21 
1.86 

.04 

0 

.02 

.04 

0 

0 

0 

0 

0 

0 

0 

.10 

.80 

0 

0 

.07 

0 

.18 
1.95 

0 

.21 

.06 

0 

0 

0 

.82 

.01 

T. 

0 

T. 

.13 

T. 

T. 

T. 

.04 

0 

0 

.06 

0 

.04 

0 
.13 

T. 
0 
07 
T. 
T. 
T. 


«2.90 

8.41 

9.88 

10.84 

10.99 

12.17 

9.85 

4.78 

7.56 

6.59 

6.70 

7.76 

15.75 

8.76 

5.26 

9.68 

11.63 

18.98 

11.44 

11.22 

5.54 

5.06 

7.88 

8.18 

15.07 

6.82 

9.99 

8.66 

16.10 

7.88 

14.77 

9.36 

9.60 

4.92 

25.07 

8.80 

16.88 

8.88 

9.82 

11.06 

14.98 

10.47 

8.75 

9.21 

5.01 

11.86 

6.34 

11.71 

4.98 

5.31 

5.90 

10.45 

7.(0 

9.50 


IRB  81—03- 


-30 


«  Year  incomplete. 
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CALIFORNIA    HYDBOGBAPHY. 


'V'  *■: 


Record  of  precipitation  at  Warners.  San  Diego  Cmtniy. 
[Latitade,  SB*  6';  longitude,  116°  40';  elevation,  2,8M  feet.    Authority,  Charlee  E.  Mc<3«rT 


Year. 


1900-1901. 


Sept. 


Oct. 


Nov. 


!    1.98 


Dec.  I  Jan. 


2.58 


Feb.  ,  Mar. 


Apr.  ' May.  Jnno.  Jnly.  Aug  Tal 


5.98     o.:j5     can    0.97 


'Ll 


"Year  Incomplete. 


Record  of  precipitation  at  Santa  Barbara,  Santa  Barbara  Covnty, 

[Latitude,  84°  26';  longitude,  119«»  40';  elevation,  100  feet.    Authority,  Unit«d  St»te»  Vtr  I^i^t- 

ment  and  Weather  Bureau. 


Year. 

Sept. 

1867-68 

0 

1888-89 

0 

188^-70 

0 

1870-71 

0 

1871-72 

0 

1872-73 

0.05 

1873-74 

0 

1874-75 

0 

1875-76 

0 

1876-77 

0 

1877-78 

0 

1878-79 

0 

1879-80 

0 

1880-81 

0 

1881-82. 

.44 

1882-83 

'     0 

188:^-84 

0 

1884-85 

0 

1885-86 

0 

1886-87 

0 

1887-88 

.38 

1888-89 

'     .(W 

1889-90 

0 

1890-91. 

1.50 

1891-92 

.18 

1892-tfJ 

0 

1893-94 

0 

1894-95-. 

1.36 

l895-iW 

0 

1896-97 

'     0 

1897-98 

'     0 

1888-99 

!  3.17 

1899-19(X) 

'     0 

1900-1901 

.04 

1901-2 

!     .36 

1 

Oct.  I  Nov.  I  Dec.  I  Jan.     Feb.  |  Mar.  '  Apr.    May.  June.  July.  Aug  T**. 


0 
0 

0.30 

1.04 
.00 
0 
0 

1.91 
0 

.82 
0 

.82 
.41 
.25 

1.47 
.37 

1.32 

1.02 
.19 
.39 
.31 
.07 

8.(55 
0 
0 

.42 
.62 
.78 
.55 
.92 

1.44 
.14 

2.06 
.15 

2.42 


2.81 

1.25 
.65 
.27 

1.83 
0 
.27 

1.80 

6.  S3 
0 

1.32 
0 

1.62 
.28 
.33 


.i_. 


.  n 

0 

.79 
9.84 

.87 
1.10 
5.62 
3.21 

.48 

0 

3.70 
T. 

.11 

.77 
3.51 

0 

0 

1.97 
3.99 
1.16 


35-year  mean 


12.67 
4.26 

.67 
1.41 
6.56 
4.34 
5.36 

0 

.31 

0 

8.12 
5.16 
4.67 
9.73 

.95 

.10 
2.76 
6.62 
2.47 

.86 
4.43 
5.59 
10.64 
3.53 
2.26 
7.31 
3.50 
4.16 

.93' 
2.92 

0 

.86 
2.a5 

.02 
T. 


3.97 
3.26 

.25 

.86 
2.63 

.68 
4.64 
14.84 
7.56 
2.72 
7.17 
5.24 
1.30 
2.83 
1.13 
2.18 
6.83 
1.23 
5.1i5 

.31 
10.15 

.29 
5.32 

.50 
1.04 
4.52 

.65 
e.2o 
6.84 
4.35 

.63 
4.48 
2.32 
4.86 
1.36 


2.00 
2.12 
6.87 
2.92 
1.81 
5.48 
3.17 

.18 
5.67 
0 
11.73 

.71 
10.86 

.30 
2.38 
2.92 
9.68 

.07 
1.19 
8.64 
1.30 
.  1.29 
2.96 
8.82 
2.48 
3.55 

.50 

.67 

0 

3.65 
1.39 

0 

.06 
3.65 
4.40 


1.08 

4.22 

.83 

.02 

.18  ! 

.05 

.78 

.38 

2.73 

,82 

2.47 

.34 

1.15 

L25 

5.74 

3.64 

9.77 

.35 

2.08 

.13 

3.86 

7.31 

1.10 

1.65 

3.  (TO 

7.53 
.22 

1.9Q 

2,37 

2.7:j 
.28 

2.78 

1.58 
.16 

2.89 


2.44 

.46 

.99 

2.02 

1.80 

0 

.38 
.10 
.27 
.18 
3.34 
1.60 

5.ra 

.59 

1.63 

.29 

2.60 

3.00 

3.40 

1.43 

.16 

.49 

.31 

1.90 

.34 

.38 

.35 

.46 

1.78 

.08 

T. 

.64 

.42 

2.07 

1.40 


.72 
.20 
.74 
.37 
0 
0 

.14 
0 
0 

.45 
.29 
.21 
0 
0 
0 
2.79 
.89 
0 
0 

.33 
.062 
.76 
.18 
O 

.68 
0 
.86 

.te 
.m 

0 
1.25 

0 
1.90 

.34 

.07 


0 
0 

o.o: 

0 

.14 

0 

0 

0 

U 

0 

.07 
0 
0 

.a) 

.36 

1.(8 
n 
0 

.IB 

T. 

.13 

0 

0 

0 

f) 

0 

!    .m 

.05 
0 
0 
,     ,78 
.01 

I       .10 

0 


0 
0 
0 
0 

0  ; 

n 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T. 

0 

0 

0 

0 

0 

.15 

T. 

.40 

0 

T. 

0 

.« 

.06 

0 


g 


51» 


Ii       !»'.' 


ii 
II 
11 
0 

n 
0 
n 
0 
n 
It 
0 
0 
i» 
fi 
T. 

i) 
0 
I 

II 
II 
|) 
0 

it 

i) 
(1 
1} 
T. 

.!«' 
I> 


it*- 


-  t 

-.4 


«  / 


"I 


ri'OTT.l 


RAINFALL   TABLES. 
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'i   <>/"  jfrenipitation  at  Mount  Hamilton  (Lick  Observatory) ,  Santa  Clara 

County, 

ritude.,  37*»  aiV;  lon^ritade,  DSl*  88';  elevation,  4,440  feet.    Authority,  Lick  Obfiervatory.] 


~~~ 

1 

ir. 

!Sept 

-  -  _  - 

.-_     O.IO 

_  _  _  - 

0 

. . . « 

...       .66 

-  -  -  - 

...       .65 

1. . . . 

..         .15 

_ 

...'      0 

*_ 

...       .33 

>. ... 

...       .49 

1 

0 

i... 

^      .HI) 

> 

.28 

*  ... 

24 

4... 

48 

Oct.     Nov. 


ft.. 


H... 

19.. 

9(H). 


l.«4 
.08 
.47 
.07 
.29 
T. 
.08 

1.07 


0.33  I 
6.16 
2.00  ' 
3.71  ' 
.05  I 
.80 
.08  , 
.03 
4.38 
.02 
.61 

.66 
2.98 

.78 
1.91 
1.26 
1.33 
6.37 
3.48 
2.29 


artaean  . 


0.91 
3.45 
1.48 

.01 
8.01 
2.82 

.90 
3.27 
4.69 

.58 

.38 

10. 3f) 

4.01 

.84 
2.46 
5.77 
1.51 
1.33 
4.92 

I.  lO 

2.89 


Dec.     Jan.  ,  Feb.  ,  Mar. 


Apr.  ,  May. 


June.  July.'  Aug. 


9.72 
1.93 
2.05 

33.84 
6.76 
2.34 

11.25 
4.23 

13.19 
5.39 
9.54 
5.56 
3.38 

11.90 
3.16 
4.08 
2.70 
2.13 
4.16 
2.21 
1.61 


3. 11 

3.55  I 

3.10 

5.60 

1.99 

4.53 

2.83 

10.04 
1.04 
7.92 
1.38 
1.97 
3.29 
8.74 

10.00 
9.54 
3.50 
1.50 
5.63 
3.26 
5.74 
1.47 


5.99 

1.13 

0.98 

0.00 

0.33 

0 

0 

'    2.90 

5.40 

4.70 

.48 

1.06 

0 

0 

8.75 

8.66 

2.66 

7.56 

0 

0 

0 

12.76 

16.85 

11.96 

1.24 

3.86 

0 

0.15 

.57 

1.15 

2.08 

.16 

.36 

0 

0 

1.80 

5.77 

6.79 

.70 

0 

0 

0 

7.80 

1.30 

5.75 

.25 

.30 

0.04 

0 

1.38 

3.40 

.68 

1.25 

0 

0 

.OBJ 

1.42 

6.17 

1.92 

3.21 

.06 

0 

0 

2.04 

4.39 

1.79 

2.42 

0 

0 

0 

6.52 

4.26 

3.08 

1.12 

.57 

0 

0 

2.99 

5.98 

1.90 

3.52 

.32 

0 

T. 

3.40 

8.99 

3.61 

.95 

.16 

0 

0 

10.52 

2.54 

.80 

2.78 

.64 

.02 

T. 

3.08 

1.46 

2.80 

2.80 

0 

.01 

0 

1.08 

3.83 

6.70 

2.10 

.08 

T. 

.28 

5.02 

3.40 

.78 

.27 

.80 

0 

0 

4.16 

2.04 

.83 

2.41 

.38 

0 

0 

.75 

11.11 

1.40 

1.47 

.39 

0 

.12 

1.70 

3.37 

4.06 

1.35 

T. 

.01 

.02 

5.92 

1.98 

3.33 

1.07 

.02 

0 

.05 

9.25 

5.18 

2.98 

1.19 

0 

0 

0 

Total. 

all.63 
29.15 
37.27 
58.09 
44.52 
29.56 
24.12 
29.34 
21.83 
40.82 
23.72 
27.49 
38.88 
34.66 
36.00 
30.04 
27.34 
16.86 
25.96 
29.22 
31.64 
27.98 


31.60 


«  Year  incomplete. 

Record  of  precipitation  at  Delta,  ShaMa  County. 
Itude,  41'  00*;  longitude,  122*'  23';  elevation.  l,i:«<  feet.    Authority,  Pacific;  Railway  Hystem. 


ft'ar. 

Sept. 
0. 10 

Oct. 
0.21) 

Nov. 
8.14 

Dec. 
3.94 

Jan. 
1.00 

Feb. 
0 

Mar. 
14.46 

1 

Apr. 

8.40  ' 

May. 

June. 
0 

July. 
0 

Aug. 
0 

Total. 

^i 

9.94 

56.27 

H4   

0 

6.18 

1.10 

4.24 

15.57 

4.55 

13.44 

16.55 

2.7:^ 

7.12 

0.25 

0 

71.  ra 

x-j 

'  1.(13 

6.01 

.56 

16.24 

2.91 

2.53 

.\fi 

2.54 

.67 

1.60 

0 

0 

34.46 

-86 

0 

.60 

29. :« 

12.94 

9.95 

.50 

3.52 

10. 19 

8.16 

.60 

0 

0 

'    75.84 

87 

T. 

1.30 

.:*) 

8.81 

3.84 

10.27 

3.37 

5.5:^ 

1.26 

.82 

0 

0 

35.50 

W 

0 

0 

.75 

2.23 

10.40 

4.67 

1.70 

0 

2.45 

3.30 

0 

0 

25.50 

^ 

(0.16)  (7.14) 

(7.18) 

10.56 

.15 

1.02 

:^7.52 

2.91 

5.81 

1.07 

0 

0 

73.52 

-90 

0 

26.71 

10.03 

25.8:^ 

17.18 

21.11 

16.50 

4.78 

2.3:s 

0 

0 

0 

124.47 

-91 

1.00 

.40 

0 

7.24 

3.72 

13. 70 

2.06 

8.95 

4.7(^ 

1.98 

.75 

0 

44.56 

-«8 

1.31 

2.24 

1.99 

7.21 

6.55 

4.01 

8.:^ 

6.31 

5.22 

.04 

.  10 

0 

42. :« 

-98 

1.52 

3.40 

13.08 

19.51 

3.17 

2.10 

11.90 

8.  HO 

3.3) 

0 

T. 

0 

66.88 

94 

2.85 

.15 

8.05 

8.10 

14.30 

3. 70 

2.60 

2.75 

3.50 

2.25 

0 

T. 

4:^25 

-95 

4.00 

7.33 

3.30 

:«.  17 

18.55 

7.o:^ 

7.72 

■    1.71 

6.85 

0 

1.07 

0 

90.73 

-06 

5.18 

0 

2. 15 

5.98 

31.42 

.00 

11.81 

16.72 

6.92 

.07 

0 

T. 

80.85 

Ti 

T. 

3.50 

12.00 

17. 2:^ 

4.66 

7.13 

4.63 

1..'*) 

0 

2.75 

0 

0 

5:120 

-98 

0 

3.40 

3.55 

•6.05 

.75 

13.55 

0 

i.:fi 

5.  H5 

1.40 

0 

0 

a5.90 

99 

0 

1.96 

3.36 

2.00 

8.19 

(6.13) 

11.81 

.65 

1.10 

4.05 

0 

0 

30.23 

k-lMD 

0 

9.85 

19.60 

6.40 

12.25 

4.60 

9.45 

8.59 

4.10 

1.56 

.17 

0.20 

1    76.  n 

•-1901 

.97 

15.68 

10.51 

8.04 

13.43 

9.28 

1.58 

6.81 

.66 

0 

0 

0 

66.96 

|2.28 
I  -  ..  . 

2.95 

11.27 

5.55 

2.92 

30.  «i 

8.48 

7.70 

4.(e 

.:« 

T. 

.28 

,    85.59 

*»armeai] 

61.13 
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Record  of  precipitation  at  Fort  Cro<tk^  ShaMa  Cmtniy. 

[Latitude,  40*  W\  longitude,  121*  aiy:  eleTation,  3,390  feet.    Aathority,  U.  S.  War  DepM^a-. 


Year. 

• 

Sept. 

Oct. 

Nov. 

-  ■ 

Dec. 

Jan. 

3.23 

1.81 

Feb. 

Mar. 

2.57 
4.06 

Apr. 

1                        1 
May.  Jxm».  July.  Ac^ 

1 

1867-58 

4.38 
5.96 

1.28 
1.26 

0.13     0.34 
.00  <     0 

O        ".'B 

IBSfr^W 

0.04 

8.67 

1.32 

6.38 

0    '     '£ 

18«M» 

1.80 

0 

3.86 

1.00 

2.14 

.27 

5.10 

3.09 

3.06       .44 

t.2*  '    «* 

1860-61 

.23 

2.97 

1.33 

5.04 

1.20 

4.78 

4.0B 

1.82 

1.33     .as 

0          n 

1861-62 

0 

.00 

6.18 

9.75 

8.2S 

4.89 

8.53 

2.64 

2.50  :  2.45 

.<tt        0 

1862-6:) 

.40 

.00 

0 

1.81 

3.00 

3.09 

2.80 

1.00 

.40  '     0 

0         '. 

1868-64 

0 

.39 

.06 

2.00 

1.10 

0 

.58 

1.00 

1.34       .35 

0           0 

1864-66 

0 

1.05 

7.00 

7.47 

3.16 

2.16 

2.  S3 

1.20 

i.3[»       m 

0         « 

1866-66 

i.te 

0 

1.56 

0 

8.75 
.80 

8.» 
.75 

.X7 
1.86 

.5i>  .     .» 

1886-67 

11.76 

6.27 

4.44 

0          «) 

1867-68 

0 

.78 

.50 

1.12 
.56 

1.67 

.1«    •> 

1868-69 

3.35 

2.86 

- 

4.H2 

1.56 

8-year  intvtn 

1           ■                      !           1 

<        • 

< 


«  i 


oYear  incomplete. 

Record  of  precipitation  at  Redding,  Shnata  ('tfunty. 
[Latitude,  4tv  3K';  lon«ritnde,  122*»  27';  elevation,  665  feet.    Authority,  Pacific  BaDway  j^r*^ 


Ywr. 

Sei?t. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July.  Aat 

1890-91 

1.68 
1.19 

9.96 
1.32 

3.05 
1.41 

2.31 
2.31 

3.17 
8.23 

1.91 
.90 

o.;5 ,   «« 

1891-92 

0.13 

0.02 

0.08 

8. 36 

*   1 

0    .    3 

1802-«) 

0 

2.46 

8.96 

14.27 

4.18 

4.75 

9.17 

3.94 

1.35 

0 

ft  '  - 

1888-94 

3.05 

.27 

7.60 

3.97 

9.69 

7.65 

3.20 

2,00 

1.31 

.65 

0       u.tf 

1894-«> 

1.59 

5.85 

.99 

15.35 

12.84 

3.08 

2.78 

.99 

2.61 

0 

.95     T 

1896-96 

3.24 

.01 

2.12 

4.36 

14.62 

.79 

4.17 

4.05 

8,97 

.35 

T.       > 

1896-97 

.81 

1.99 

6.30 

8.98 

4.42 

6.80 

5.29 

3.06 

n 

1.50 

0          " 

1897-98 

.15 

1.3B 

1.69 

3.60 

.54 

3.77 

0 

.76 

3.64 

.15 

0        T 

1898-99 

.13 

1.66 

2.23 

2.35 

9.06 

1.04 

8.H6 

.61 

.82 

2.46 

0          * 

1899-1900 

0 

4.83 

8.50 

4.18 

6.45 

2.86 

3.68 

2.50 

3.12 

1.3r* 

T.        1* 

lflO(M9ni 

2.48 

6.47 

3.08 

3.14 

6.33 

5.52 

.57 

5.11 

.41 

T. 

.m    T 

1901-2 

3.11 

3.08 

6.4o 

4.37 

1.87 

19.97 

4.73 

4.00 

2.94 

f» 

.m     'Jt. 

11-year  mean 

i 

, 

o  Year  incomplete. 
Record  of  precipitation  at  Sinut^  Sluvtta  Oounfy. 
[Latitude,  41°  05';  lon^tude,  122*'  21';  elevation,  1,;«7  feet.    Authority,  Pa<>ifi<-  Baflvar  ^^ 


Year.        Sept.   Oct.     Nov. 


I 


1887-88 1 ; 

1888-89 1  0.10  I     0 

1889-90 1     0     |28.67 

1890-91 1.44  I     0 

1891-92 '  1.50  I  4.08 

1892-93 i  1.24     1.64 

1808-94 ' 

1894-96 ,  2.80  .  1.G5 


13.38 
0 

3.51 
13.39 


4-year  mean. 


Dec. 


9.21 
19.86 

8.80 

7.36 
26.92 

8.48 


Jan. 


0.42 
17.84 
4.01 
1.12 
3.50 
10.98 


18.30 

•5.29 

4.39 

4.39 

4.40 


Apr.    May .  J  tine.  July.  X^ 


4.74 


19.83 
2.85 
8.81 
8.94 
6.87 


1.00 
1.87 
5.53 

6.03 
8.39 
9.67 
1.00 


2. 
3. 

2. 
I  4. 


53  4.37 
55  1  2.73 
64  .65 
36  ,  2.  IT 


.74 


4 

a 


o*   I    T. 
42  I  2-52 


0.14 
U 
0 

.19 
0 

T. 


I   3 


«  Year  incomplete. 
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Record  of  precipitation  at  Coles,  Siskiyou  County, 
titude,  42"  itr;  longitude,  122-  39';  elevation,  2,906  feet.    Auth.>rity,  Pacifl<;  Railway  System.] 


Year. 

1 

Sept.    Oct. 

Nov. 

Deir. 

Jan. 

'  Feb. 

1 

Mar. 

1.21 
2.20 

Apr. 
0.24 

May. 

June 

>^ 

1 

1.90 

2.79 

-»» 

..    0.86  1     0 

1 

1.43 

1.32 

'    0.15 

1 

.96 

2.74 

.10 

Total. 

T.    ^  a6.99 
a  9. 75 


o  Year  incomplete. 

Record  of  precipitation  at  Dnnsmuir,  Siskiyou  County. 
.titude,  41°  12^;  loniritnde,  122°  16';  elevation,  2,286  feet.    Authority,  Pacific  Railway  System.] 


Year. 

Sept. 

Oct. 

Nov. 

6.83 
11.66 
0 

2.aB3 
•7.47 
11.36 

2.90 

1.40 
11.07 

4.34 

2.98 
15.29 

7.16 
10.88 

Dec. 

2.95 

20.57 
8.05 
9.65 

14.03 
5.08 

29.30 
4.39 

13.94 
4.98 

11.43 
7.40 
8.29 
5.06 

Jan. 

Feb. 

0.33 

16.50 

2.58 

3.31 

6.4() 

7.60 

6.50 

1.54 

10.63 

10.62 

.50 

3.32 

6.90 

28.40 

Mar. 

4.38 

11.85 
2.70 
5.30 

13.30 
6.05 
8.15 

10.23 

6.33 

0 

10.31 
6.27 
1.92 
3.76 

Apr. 

May. 

Jane. 

1.12 

.40 
2.88 
1.22 

0 
2.10 

0 

.17 
2.35 
1.50 
1.90 

.90 

0 

0 

Jaly.  Aug. 

Total. 

M« 

\~m 

>-9l 

l-iB 

WKi 

J-W 

i-96 

>-96 

f^97 

7-98 

^98 

M9U0 

(V-1901 

1-2 

0 

0 
0.90 
1.62 

.06 
3.27 

.20 
5.76 
1.46 

0 

.53 

T. 
1.20 

0 

0 
20.16 

0 
2.13 
2.68 
1.15 
9.65 

.05 

0 
2.78 

i.n 

7.10 

6.13 

0 

0.30 

2:160 

.65 

2.41 

3.65 

17.53 

15.30 

22.25 

4.08 

9.76 

6.80 

9.98 

8.93 

2.68 

2.48 

11.85 
4.95 
5.48 
8.75 
1.70 
2.65 

11.43 
1.02 
1.20 
.48 
4.85 
2.58 
1.21 

7.06 
2.45 
3.07 
8.96 
4.06 
4.35 
4.40 
6.22 

.14 
4.20 
1.60 
3.18 

T. 
1.74 

0 

0 
0.67 

.36 

.20 

0 
1.55 

.34 

0 

0 

0 

0 

0 
T. 

0 
0 
0.07 
0 
0 
0 
0 
0 

0 

0 

.90 

T. 

0 

.05 

25.41 
119.02 
26.43 
87.66 
60.58 
60.18 
80.50 
68.77 
51.02 
39.38 
39.14 
58.24 
43.11 
54.79 

fear  mean 

! 

54.28 

1 

1   "'  1    "  r 

1 

1 

1 

Record  of  precipitation  at  Edgewood,  Siskiyou  County. 
Atitude,  41°  28';  longritnde,  122°  23';  elevation,  2,956  feet.    Authority,  Pacific  Railway  System.] 


Year. 

Sept. 
0.89 

Oct. 
0.16 

Nov. 
2.00 

Dec;. 
0.75 

Jan. 

Feb. 

Mar. 

_ 

8.43 

Apr. 
0.69 

May. 
2.30 

June. 
0.11 

July. 

1 

Aug. 
0 

Total. 

»M« 

0.30 

0.10 

0.33 

16.06 

»-90 

0 

7.80 

2.35 

5.30 

5.60 

5.90 

5.04 

.70 

1.60 

l.?i 

0 

0.45 

36.46 

0-91 

1.06 

.22 

0 

3.00 

.56 

2.4'> 

.18 

1.96 

2.04 

1.45 

.67 

.06 

13.62 

H-92 

.84 

.43 

.20 

2.80 

.15 

.12 

2.67 

.86 

1.63 

.69 

.80 

0 

11.19 

12-83 

.68 

1.07 

5.35 

7.88 

.95 

.20 

2.90 

3.48 

.95 

.30 

.66 

0 

24.32 

e^ 

1.51 

.76 

2.65 

.85 

5.13 

.50 

1.83 

.15 

3.56 

.72 

0 

.46 

18.12 

>4-95 

.69 

1.76 

.82 

9.56 

4.56 

.36 

2.84 

.08 

.73 

0 

0 

.94 

22.32 

6-96 

1.58 

.05 

.75 

.51 

6.64 

.30 

2.68 

4.66 

1..% 

.42 

.07 

.77 

19.  T9 

»-97 

.71 

.40 

8.46 

5.16 

1.18 

l.fSi 

1.85 

.15 

2.a3 

1.78 

0 

.85 

18.68 

rr-98 

0 

1.27 

1.90 

2.68 

.90 

4.75 

.17 

1.64 

2.49 

.51 

0 

.99 

17.30 

J8-99 

T. 

.78 

1.51  , 

0 

0 

.52 

1.67 

.19 

1.72 

.29 

0 

.42 

7.10 

»-19«) 

0 

1.87 

3.79 

2.21 

3.37 

.91 

1.86 

2.25 

1.58 

.85 

.11 

.23 

19.02 

)0-1901 

.68 

4.97 

.91 

2.77 

1.00 

3.21 

.18 

1.02 

.98 

0 

.48 

.66 

16.86 

51-2 

1.16 

0 

2.28 

2.24 

.37 

7.88 

2.46 

3.47 

.97 

.10 

.32 

.86 

22.11 

-year  mean 

18.78 

1 
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Record  of  precipttatioii  at  Fori  Jones.  Siskiifon  County, 
Latitude,  41"  :«';  longitude,  122?  51';  elevation,  2,570  feet.    Authority,  U.  S.  War  IXi-irfe-: 


Year. 

1           1 

1  Sept.  Oct. 

1 

i 

1 
Nov. 

Dec. 

Jan. 
3.78 

Feb. 
1.38 

Mar. 
3.:i8 

Apr. 

1.02 

May.  Jam*. 

July  A 

iSTiJ^SJ 

1 

1.17  ,  0.41 

U.13 

1858-54 

0.3J0     0.48 

4.47 

1.19 

.54 

2.68 

.75 

1.99 

.21 

.63      .5>    i 

1854-^ 

0     I  4. 18 

.48  • 

1.13 

1.58 

3.83 

5.24 

1.50 

.87        .08 

0 

lK->5-56 

.a)  1  1.40 

1.77 

6.47 

1.5» 

.42' 

1.18 

l.M 

2.77        .6J) 

U 

1856-57 

0     1     .13 

1.78  ' 

H.m 

3.62 

7.5» 

2.35 

0 

.m    i.m 

<i 

1857-58 

.Of)  1     .80 

4.47 

4.2i 

6.15 

8-7<8 

3.00 

1.15 

1.55 

1 

.60 

« 

•VvPAr  niPUTi 

I 

1 

1 

1 

i 

1 

1 

I 

o.a     u 


.a« 


a 


2* 


a  Tear  incomplete. 

Record  of  precipitation  at  Hombrook,  Siskitiou  County, 

[Latitude,  41°  5(V;  longitude,  122«  50';  elevation,  2,154  feet.    Authority,  Pacific  Railway  S5**'^ 


Year. 


188H89. .. 
1889-90. . . 
1890-91... 
1891-92... 
1892-«^... 
18984W... 
1894-95. . . 
1895-96. - . 
1896-97. . . 
1897-98. . . 
1898-99... 
1899-1900. 
1900-1901. 
1901-2.... 


l&-yearmeaD 


Sept. 

(k-t. 
0.12 

Nov. 
0.92 

Dec. 

2.68  ' 

Jan. 
1.16 

Feb. 
1.08 

Mar. 

Apr. 

May. 
2.iV< 

1 
Jnne. 

2.7« 

July.  Aia^ 

0.15 

0.61 

T. 

i».i5  «>:: 

.!« 

0 

2.67 

2.94 

.60 

.10 

2.07 

0.43 

2.:>4 

0 

1 

0 

1.95 

2.93 

2.92 

6.(X) 

9.91 

.70 

.90 

.44 

.00 

.<>  ■  .^ 

0 

0 

0 

1.90  I 

.85 

2.99 

.67 

.90 

2.40 

1.60 

.35      > 

.55 

.65 

.70 

4.55 

.70 

.35 

1.40 

1.50 

.54) 

.60 

t)         f 

.4-. 

.»< 

2.65 

3.98  ' 

i.as 

1.15 

.30 

1.50 

1.20 

T. 

.16      0 

.80 

1.00 

4.17 

3.33  1 

3.20 

.70 

1.50 

0 

3.7« 

1.12 

0         »' 

0 

1.30 

.70 

2.30 

2.40 

.20 

2.09 

.20 

1.20 

1.5I» 

.fli      .»• 

.55 

0 

.60 

2.95  1 

6.30 

.90 

2.47 

2.00 

1.80 

0 

m    s 

.58 

2.(te 

6.04 

5.85 

.85 

2.10 

.80 

.40 

0 

0 

0     ,    t' 

0 

.60 

4.48 

3.18 

2.95 

.10 

0 

0 

.81 

0 

0          B 

.28 

1.45 

3.02 

.77 

2.17 

.63 

3.90 

0     1 

.10, 

.10 

11        T 

0 

1.27 

4.66 

2.80 

1 

3.24 

.02 

6.10 

.57 

.46  i 

.55 

0        P 

0 

3.81 

3.96 

3.18  ' 

3.60 

2.13 

.10  1 

0 

.13 

0 

0        .1- 

1.10 

.70 

1.17 

.93 

0 

4.96 

.55 

1.11  . 

1.27 

.51 

T.        a 

1 

1 

1 

1 

\ 

i 

T-» 


Record  of  precipitation  at  Montague,  Siskiyou  County. 

[Latitude,  41°  44';  lon|?itude,  122*»  31':  elevation,  2,542  feet.    Authority,  Pacific  Railway  St?>:^ 


Year. 

Sept. 

1888-89 

0.61 

1889-90 

0 

18H0-91 

.90 

1891-92 

.15 

1892-93 

0 

1893-94 

.72 

18»t-95 

0 

18i)5-96 

.44 

1896-07 

0 

1897-98 

0 

1898-99 

0 

1899-1900 

0 

11-year  mean 

(X-t. 

O.ltt 
3.20 

0 

.30 

0 

.44 
1.00 

0 

0 

0 

.16 

.90 


I 


Nov. 

0.98 
1.60 

0 

.35 
1.25 
3.05 

.54 

.56 
2.25 

.76 
2.18 
3.15 


Dec. 

0.30 
3.74 
1.40 
1.83 
2.21 
2.34 
1.75 
1.58 
1.43 
1.63 
.20 
2.95 


Jan. 

0.50 

3.70 

.70 

.10 

.51 

2.72 

2.25 

3.40 

1.49 

.30 

.72 


Feb. 


0.04 

6.05 

2.33 

T. 

1.88 

2.13 

.55 

.40 

2.66 

1.63 

.22 


Mar. 


L78 

8.00 

.75 

.75 

.87 

2.28 

.40 

1.49 

1.35 

.10 

1.50 


Apr.  I  May.  June.  July.  Ao^. 


J[).55 
.33 
.45 
.40 

1.75 
.05 
0 

.81 
0 
0 
.20 


1.70 
.82 

1.74 

1.40 
.44 

2.50 
.81 
.96 
0 

.TO 
.00 


o.eo 

I.IS 
1.25 

0 

0 
1.04 

0 

0 
1.11 

0 

.53 


0 
0 

.45 
.35 
0 
0 
T- 
0 
0 
0 
0 


II 

as 

ti 

it 
0 

il 
II 

.♦* 

t 
0 

••i 


"  Year  incomplete. 


(' 


l***i:**^C'<)TT.] 
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Record  of  precipitation  at  Scott  Valley,  Siskiyou  County. 
LLufctitude,  41"  45';  lon^tude,  123«  02';  elevation,  2,570  feet.    Authority,  Isaac  Titcomb.] 


Y«.*«a,r. 


Sept. 


:i»-j>o_ 

MV-OO- 

ri<>-6i 

»1-6S 

iK-e:} 

»3-64 

Cfr4r-65>_ 

e5-ee__ 

66-«T-_ 

67-68-- 

«l«-60-- 

W9-70- 

170-T1_ 

t71-72-- 

«72-7:i 

<7:}-74-- 

?74-Tr>-- 

^75-7© 

:<7€;-77._ 

*77-7H 

<r8-79-_ 

s7l>-80-- 

'>;<>-«i__ 

hlM-«2- 

WKJ-^tCJ 

«8:}-K4    

SH^l-<^-- 

H85--86- 

«86-H7_ 

t487^SS 

HKS-Htt.  - 

8M*-90 

O-year  moan 


Oct. 


Nov.     Dec. 


Jan. 


0.87  . 
.49 
0 
.02 

.40  ! 


.04 
1.15 
0 

.40 
.06 
1.00 
.01 
.37 
.41 

.:r 

0 

0 

1.02 

.01 

.u 

0 

.70 
1.44 
.66 
.60 
.88 
0 

.  38 
.58 
0 


1.00 

3.22 

.51 

.15 

.25 

.31 

1.38 

.08 

.88 

.50 

.01 

.03 

.05 

.16 

.94 

1.55 

4.45 

3.75 

.45 

2.81 

.81 

.18 

3.53 

2.86 

2.41 

1.04 

.53 

1.85 

.09 

.40 

3.95 


4.33 

2.00 

11.56 

.12 
1.86 
6.00 
9.79 
2.51 
1.75 

.77 
3.04 
1.00 
1.62 
2.67 
1.71 
4.3:3 
7.31 

.54 

.67 
2.16 
4.64 

.'32 
2.40 
2.72 
1.11 

.16 
10.24 

.78 
1.75 
1.94 
3.37 


0.75 
5,74 

10.63 
1.90 
6.17 

12.75 
1.21 

11.75 
9.68 
2.80 
3.66 
3.50 
7.68 
3.38 
4.49 
.43 

7.:© 

.01 
1.62 
1.14 
4.68 
6.76 
4.60 
3.76 
4.75 
8.18 
3.26 
6.67 
6.88 
1.59 
12.84 


Feb. 


,1. 


2.59 
1.12 
9.29 
4.75 
2.07 
1.87 
6.59 
9.12 
3.06  I 
5.76 
5.00 
1.86 
4.18 
1.33 
6.38 
3.13 
2.26 
1.71 
9.72 
3.25 
10.62 
13.95 
4.48 
2.58 
4.88 
2.50 
7.28 
5.18 
6.18 
2.71 
21.81 


1.25 
2.50 
3.75 
1.75 

.43 
2.40 
3.50 
2.02 
1.50 
1.13 
2.91 
2.47 
6.94 
3.00 
1.80 

.17 
3.33 
4.23 
6.53 
3.54 
2.32 
6.53 
5.09 
1.51 
3.14 
8.49 
1.32 
4.96 
1.77 

.50 
11.10 


Mar. 


4.12 
2.50 
1.32 
2.45 

.82 
1.30 
9.20 

.64 
3.70 
1.32 
1.73 
1.62 
1.40 
l.ft") 
3.65 
1.79 
3.94 
3.10 
3.74 
8.39 
2.65 

.79 
2.22 
1.11 
3.45 

.11 
1.32 
1.07 
2.43 
4.35 


Apr. 


^ 


0.75 
8.00 
2.00 
2.00 
2.70 

.32 

.OS 
1.34 
1.14 
3.61 
1.37 
2.27 

.34 
1.50 
1.55 

.35 

.71 
1.28 

.27 
2.66 
5.30 
1.19 
2.46 
3.25 
3.06 
1.96 
3.23 
2.63 

.18 
2.56 


May.  June.  July. 


2.00 

.54 

1.00 

.40 

.51 

.05 

1.72 

.41 

.18 

1.52 

1.12 

.55 

.25 

.27 

.71 

.75 

1.19 

1.48 

.20 

1.40 

1.32 

.17 

1.29 

2.65 

1.65 

1.40 

1.77 

.94 

1.80 

4.71 


0.50 
.30 
.80 

1.98 
.31 
.75 
.62 
.04 

].00 
.69 
.13 
.26 
.08 
.03 
.13 
.12 
.18 
.71 
.12 
.27 
.02 

1.04 
.08 
0 
.87 

1.40 
.08 
.36 

4.21 
.19 


1.62 
0 

.10 
.25 
0 

.35 
.50 
0 
0 

.13 
0 

.35 

.01 

.03 

.01 

.38 

.34 

.12 

.01 

.38 

.37 

.64 

2.49 

.40 

1.62 

1.16 

2.13 

.37 

.60 

1.11 


0.60 
.24 
0 
0 

.09 
.63 
.02 
.47 
.38 
0 
0 
0 
0 

.01 
.05 
.09 
.05 

1.50 
.02 
.06 
.47 
.07 
.04 
0 

.68 
.01 
.01 
.85 
.18 
.11 
0 


«0.50 
20.02 
20.41 
40.96 
15.81 
16.14 
26.16 
38.10 
28.17 
23.35 
18.29 
19.87 
13.91 
22.88 
13.88 
2*1.83 
13.05 
32.54 
17.92 
23.40 
26.88 
82.90 
31.51 
29.99 
22.90 
27.01 
22.08 
32.73 
24.99 
25.86 
20.64 
a53.07 

24.06 


a  Year  incomplete. 
Record  of  precipitation  at  Sissous, 
Latitiade,  41°  27';  longitude,  122°  25';  elevation,  8,555  feet. 


Siskiyou  County. 

Authority,  Pacific  Railway  System.] 


Year. 


Sept.!  Oct. 


LH81-8SJ-- j  0.99 

1888--89 1     .-W 

l««9-90_ 0 

l«)0-9l-- 1-20 

18»l-a2 38 

1«»^98 1"! 

lHl»-94-- 68 

1894.-Or, .90 

1896-96.- I  4.65 

189ft-97 

1897-98-- 0 

l89fr-99 0 

1899-1900 0 

1900-1001 1     .67 

19(Jl-2- g-08 

l.Vy<^rmean 


2.53 

4.44 

3.70 

16.45 

.18 

.80 

1.08 

.61 

8.65 

8.70 


Nov.     Dec. 


2.31 

0 

4.01 

10.76 

1.98 


3.84 
3.20 
2.17 
5.80 
0 

8.75 

4.25 

1.70 

.70 


8.54 
1.65 
2.91 

16.13 
3.18 

11.30 
9.57 
2.87 

11.13 
4.31 


2.62 
1.70 
10.83 
4.52 
6.58 


3.?^ 
2.10 
5.67 
3.80 

2.77 


Jan. 

Feb. 

6.35 

2.90 

.99 

1.10 

.60 

.40 

5.69 

9.33 

.40 

7.17 

2.34 

.66 

3.10 

2.80 

10.72 

2.60 

9.12 

1.24 

21.09 

.21 

2.59 

4.86 

0 

10.45 

.5.55 

1.08 

8.64 

1.04 

11.97 

8.99 

1.8;^ 

21.73 

Mar. 


Apr.    May 


I 


1.74 

10.16 

16.27 

5.80 

.61 
4.19 
2.77 
3.45 
8.84 
4.16 

.43 
4.70 
2.98 
9.92 

.62 
4.14 


1.65 
6.16 

.63 
2.98 
8.64 
6.38 
2.60 

.70 
1.27 
3.55 

.53 
1.05 

.23 
3.49 
2.73 
5.08 


0.80 

0 
2.40 
2.75 
2.65 
3.74 
2.66 
2.85 
2.05 
3.02 

0 
6.13 
l.;32 
2.05 

.95 
2.87 


June.  July.  Aug 


0 
0 

0.23 
.44 
.44 
.39 
.03 

2.25 
0 
0 
.15 

1.03 
.89 

1.24 
0 
T. 


0 
0 
0 
0 
0.80 
0 
0 
0 

.00 

.13 
0 

.13 
0 
0 
26 
.38 


0 

0 

0 

0 

0 

0 

0 

0 

0 
0.81 

0 

0 
1.JB 

.16 

.36 
4.16 


Total. 


28.64 
28.87 
29.71 
64.87 
20.02 
28.87 
85.02 
80.98 
%.54 
45.83 
a8.56 
82.14 
17.13 
47.05 
4.5.63 
5:3.55 

38.26 


''  Year  incomplete. 
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Record  of  precipitation  at  Walla  Walla  Creek,  Si^dHyoH  Countg. 
[Latitude,  41°  4S':  lonjfittide,  12S?  55;  elevation,  3,000  feet.    Anthority.  S.  Tit««i:b 


Year. 

1 

!8ept.  Oct. 

1 

Nov. 

Det\ 

Jan. 

Feb. 

Mar. 

Apr. 

May.  JaiKV 

July.  Atn?  T  •. 

1888-89 

1 

1.86 

11.86 

l.TO 

2.38 

0.25 
9.10 
6.13 

.47 

3.fi6 
4.03 
2.03 
2.39 

1.06 
1.24 
1.11 
2.94 

a  46    0.19 

1889-90 

1890-91 

1891-92 

1802-98 

,     0       8.95 
1  1.84  •    .10 
.\  1.18  '    .39 
1    .82  ' 

8.37 

.19 

1.10 

8.09 

3.85 

12.40 

L29      .38 
3.2B       .99 
1.29      .76 

0      0  4    u» 
.22     .«     is 
.35     0      46 

1                       ' 

1 



_ 
<           i  < 

d-yearmean 

1    .1 

. 

a  Year  incomplete. 

Record  of  precipitation  at  Yreka,  Siskiyou  County. 
[Latitude,  4l«  46';  lon^tude,  la?"  ^;  elevation,  2,635  feet.    Authority,  Dr.  L.  Anterria'li, 


•Year. 

Sept. 

Oct. 
1.24 

Nov. 

Dec. 
2.61 

Jan. 
3.83 

Feb. 
1.91 

Mar. 
1.67 

Apr. 

2.04 

,  May. 

1 

1 
June.  July. 

1    0      u.u, 

Aac  T  tj. 

1871-72 

0.33 

1.98 

1  0.44 

it      ■■ ' 

18T2-73 

.25  1  1.55 

1.43 

aae 

1.28 

1.77 

.40 

.90 

.60 

0 

II 

«l        "! 

187*74 

.44  1    .65 

1.17 

2.20 

3.78 

1.68 

1.49 

.74 

.34 

0.44 

0 

jj      -i" 

1874-75 

0     '  1.29 

2.16 

0 

4.36 

.19 

1.49 

.17 

..51 

..3D 

.if. 

li        F- 

1875-76 

0       3.34 

5.29 

6.07 

2.00 

1.93 

2.07 

.42 

.65 

.a» 

je 

il.  IV     Z  "' 

1876-77 

.90  1  3.06 

.4.3 

.26 

1.20 

a24 

1.48 

.74 

1.56 

.GB 

.i> 

1.      -i 

1877-78 

.90  j    .20 

3.84 

.95 

6.12 

3.91 

2.80 

.37 

.t6 

0 

.75 

ti      3  1 

1878-79 

.25*    .45 

1.16 

.45 

1.68 

1.41 

3.96 

1.56 

1.42 

'    .39 

*** 

.15     li*- 

1879-80 

.25  1    .77 

2,32 

7.23 

2.43 

.61 

1.20 

2.23 

.41 

.15 

0 

.1     r 

1880-81 

0 

.13 

.10 

2.42 

11.78 

2.58 

.19 

.4» 

0 

1.23 

0 

II     '*■ 

1881-82 

.30 

3.24 

.68 

1.60 

1.81 

1.96 

.42 

1.20 

1.02 

0 

0    i 

1.    -f 

1882-^ 

.90 

1.88 

1.89 

2.09 

1.38 

.47 

.63 

1.26 

1.76 

,     0 

.33 

.5     ti- 

1883-84 

.33 

1.36 

.66 

2.95 

2.10 

1.20 

2.34 

1.41 

1.40 

,  1.78 

1.33 

.'^  r» 

1884-85 

.33 

0 

.7« 

6.19 

1.16 

2.94 

0 

1.12 

3.65 

1.66 

.58 

n      •£ 

1885-86 

.49 

.20 

2.96 

2.10 

4.08 

.91 

.74 

1.78 

1.05 

0 

i.a 

.IJ 

1886-87 

0 

1.69 

.30 

4.14 

3.21 

3.01 

.41 

2.35 

1.42 

1     .84 

1.38 

.31    "'* 

1887-88 

.21 

0 

1.04 

1.99 

4.90 

1.19 

1.16 

.11 

1.12 

S.» 

.» 

j      :* 

1888-«) 

.87 

.34 

1.13 

0 

L30 

1.30 

2.12 

1.32 

l.TO 

.10 

M 

(1     '  • 

1889-90     

0 

3.58 

2.23 

4.06 

3.50 

8.89 

3.69 

.15 

3.00 
L15 
1.08 

.98 

1.02 

....  'i*- 

1890-91 

1.48 
1.20 

i.a 

.87 

.41 

.31 

0     *•" 

1881-92 

.82 

.43 

2.20 

8.92 

1.65 

0       U-- 

189^«i 

.61 

.05 

3.37 

3.64 

1.20 

2.58 

L53 

2-10 

.87 

.32 

.58 

.If  I'* 

189:3-94 

1.12 

.54 

7.88 

2.11 

7.59 

8.22 

3.3S 

.10 

3.31 

.70 

.77 

.41     •   • 

1894-95 

.01 

1.60 

.57 

5.40 

5.30 

1.08 

2.26 

.81 

1.50 

0 

.«) 

.fi?   :.••? 

1895-96 

.82 

T. 

.86 

4.31 

7.87 

1.08 

1.89 

2.28 

2.75 

.81 

.73 

1.01    'y 

1806-97 

.52 

.89 

5.02 

3.70 

.42 

3.89 

2.18 

.39 

.58 

1.51 

0 

.30    "n' 

18&7-98 

.12 

.68 

2.94 

8.76 

.83 

1.44 

.42 

.48 

3.08 

.10 

.OS 

.ffi    :i« 

1898-99 

.14 

.51 

2.74 

1.04 

2.76 

1.95 

L77 

-21  1 

.62 

.61 

.OS 

.15   --^ 

1899-1900 

.or 

2.34 

5.00 

.a  80 

1.35 

2.13 

1.12 

•  42  1 

.37 

1.36 

0 

l.«    ' 

1900-1901 

.43 

3.06 

2.00 

3.23 

8.12 

2.86 

.98 

.40 

.52 

0 

.01 

.fl6    ^' 

1901-2 

1.24 

1.28 

1.81 


3.09 

.39 

6.68 

1.53 

1.21 

1.06 

.03 

.19 

.iC    !'• 

29-year  mean 

i 

*  ^ 

1             1 

1 

1 

1 

__         ^ -  — 

a  Year  incomplete. 
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.  Record  of  precipitation  at  Weaverinlle,  Trinity  County. 

LT^titude,  40^  46';  lon^tude,  123°  25';  elevation,  2,162  feet.     Authority,  George  E.  Noonan.J 


Yt^ar. 


Sept. 


Oct. 


W9-70._ 

c<>-ri- . 

CI  72.  . 
<72-73. . 
<T3-74.  . 
C4-75. . 
^75^76-  - 
*76-77. . 
<77-78.  . 
<78-r9. . 
<79-«0.  . 

«8i-82. - 
W2^83.- 

H«3-*4_. 
SK4-^86.. 


I  1.06 

1.03  1 

.64 

1.39 

.29 

.40 

.35 

.78 

i.ao 

4.39 

0 

1.57 

0 

2.82 

.67 

7.38 

1 

0 
1.28 

.03 

0 

.93 
1.38 

.88 

.44 


1.83 
1.80 
2.06 

.55 
3.77 
8. 38 
2.45 

.11 


6-year  mean 
H»3-»4 


Nov. 


8.01 
6.41 

11.60 
3.01 
4.02 

10.30 

15.39 
1.60 
8.72 
3.58 
8.09 
1.49 
2.58 
.78 
1.50 

16.56 


Dec. 


6.15 

9.43 

8.62 

6.82 

9.57 

1.82 

11.94 

.29 

6.60 

4.91 

18.20 

14.14 

8.00 

5.05 

4.97 

6.78 


Jan.  !  Feb. 


10.11 
8.16 

19.62 
6.51 

15.40 
6.69 
9.69 
6.27 

19.83 
2.02 
6.64 

18.61 
4.19 
4.46 
8.81 
3.68 
8.71 


11.47 


9.64 

11.19 

15.09 

4.29 

4.41 

.46 

9.49 

6.24 

16.20 

6.48 

2.59 

11.05 

6.90 

1.60 

3.66 

3.70 

.80 


5.02 


Mar. 


2.05 
3.02 
3.11 
2.78 
3.12 
2.14 
8.23 
4.52 
8.53 
12.84 
4.72 
1.21 
3.62 
3.24 
5.10 
.15 
2.94 


Apr. 

1.06 
1.73 
2.43 

.^ 
3.58 

.19 
2.79 
2.26 
2.42 
4.05 
10.78 
8.13 
2.44 
5.00 
6.29 
2.78 


May.  June 


0.22 
1.03 
.84 
.27 
2.67 
1.22 
1.63 
1.62 
1.07 
4.02 
1.46 
1.16 
1.29 
3.72 
1.60 
.51 


4.60 


2.22 


0 

0.14 
.17 
0 

.70 
.98 
.16 

1.72 
.07 
.68 
.23 
.99 
0 
0 

2.98 

1.41 


July.  Aug. 


0 
0 
0 
0 
0 
0 
0.47 
.02 
.02 
.02 
.38 
0 
0 
0 

.13 
0 


I 


0 
0 
0.25 
0 
0 
0 
0 

.21 
.08 
.08 
.86 
0 
0 
0 
0 
0 


Total. 

39.33 
43.14 
57.22 
24.81 
49.66 
24.72 
62.60 
32.70 
65.22 
41.71 
50.66 
52.32 
88.72 
83.49 
88.22 
86.12 
»12.45 


42.85 
a  23. 31 


a  Year  incomplete. 


Record  of  precipitation  at  MilOy  Tulare  County. 
[Latitude,  86«  15';  longitude,  118«  fiC;  elevation,  8.200  feet.    Authority,  Henry  Murphy.] 


Year. 

Sept. 

Oct. 

Nov. 

• 

Dec. 

Jan. 
5.74 

Feb. 

4.06 
6.47 

Mar. 

Apr. 

May. 

June. 

July. 

0 
T. 

Aug. 

0 
0 

Total. 

yiwiym 

1.33 
4.33 

2.45 

».aR 

0 
0 

a  16. 94 

[901-2 

_.   0.51 

1.80 

1.47 

0.27 

1.00 

1.69       .54 

18.06 

a  Year  Incomplete. 

Record  of  precipitation  at  Mountain  Home,  Thilare  County. 

[T^atitude,  96°  10*;  longitude,  118°  48';  elevation,  6,680  feet.    Authority,  Fred  Moller  and  N.  T. 

Bailey.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

14.86 
5.70 

Feb. 

Mar. 

8.93 
6.07 

Apr. 

8.6:3 
.40 

May.  June. 

July.  Aug. 

Total. 

1806-96 

0.84 
7.45 

1.30 
1.85 

2.70 
.20 

0.66     0.50 
.25       0 

a  87. 91 

1896-97     - 

0.60 
2.45 

0.40 
.73 

1.96 
8.31 

a  24. 87 

1807-98 

0.10 

a6.59 

a  Year  incomplete. 
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J.1'- 


Record  of  precipitation  at  Port ervi lie,  Ttdare  Ccntnty.  * 

[Latitude,  36»;  longitude,  lid";  elevation,  461  feet.    Authority,  Southern  Pidfir  CompMyX  ^ 

Murphy,  agent.] 


Year. 

Kept. 

Oct.  ' 

Nov. 

Det-. 
2.43 

Jan. 
U.83 

Feb. 
1.86 

Mar. 

Apr. 

May.  Juxie.1  July. 
0         0        0 

ag«.:* 

ia»-83 

1 

0.54 

3.68 

0.27 

a      «ii 

18»-94 

0 

0 

.or 

.61 

1.58 

.83 

.70 

.32 

0.42 

1.08  1 

0 

«i        ;  ■» 

l»H-«6 

0.43 

.15 

.04 

3.13 

3.82 

1.54 

1.10 

.41 

.35 

0 

0 

18B5-96 

0 

.28  1 

1.71 

.51 

1.61 

T. 

.67 

.SH 

.13 

"    1 

.« 

),      i: 

1896-97 

0 

651 

.94 

.93 

1.96 

2.46 

2.00 

.3D 

.42 

0 

0 

{\      !■» 

1897-98 

0 

1.19 

.60 

.89 

.75 

1.55 

.68 

0 

.% 

0 

0 

1  ^ 

1898-89 

2.10 

^     1 

.27 

.35 

1.01 

.17 

2.92 

.19 

.10 

«, 

0 

T.      '<^ 

1899-1900 

0 

1.08 

.88 

.91 

.97 

.16 

.89 

1.94 

2.41 

0 

T. 

U        ''5 

190O-19O1 

T. 

•0*1 

3.44 

.30 

2.74 

1.78 

.30 

2.19 

1.97 

0 

0 

T.     ii" 

1901-2 

.41 

.46) 

1 
1 

.71 

T. 

.84 

2.96 

2.28 

1.58 

.L5 

0 

1 

T. 

1)         .:* 

10-year  mean 

* 
t 

"  Year  incomplete. 


Record  of  jfreHjiitation  at  Crockern  iSeqtioia ptMt-offiee) ,  Tuiilumnf  i'o^^*^' 
[Latitude,  ST"  50^;  longitude,  119»  53*;  elevation,  4,452  feet.    Authority,  H.  R.  Groctrr 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb.     Mar. 

Apr.    May.  June. 

July.  XM 

1885-96 

3.;* 

189ft-97 

0.14     2.30 

9.18 

5.41 

6.66 

15.97 

21.80 

1.33  1     0 

0.75 

0       " 

1897-98 

.45 

6.09 

2.70 

aso 

2.00 

7.15 

3.74 

1.10     3.74       0 

0       '■ 

1898-99 

1.58 

L87 

1.85 

2.12 

11.72 

1.80 

18.00 

l.O)       .15  i  1.65 

0       "1 

1899-1900 

0 

n.50 

7.45 

12.18 

5.98 

L18 

(>4.28 

•   3.fi6     L80      .47 

0    ,   " 

1900-1901 

.62 

9.71 

17.43 

1.89 

16.99 

15.71 

3.08 

6.35     3.81       0 

0       " 

1901-2 

3.28 

4.50 

3.90 

2.50 

2.33 

15.08 

8.55 

6.64     1.80 

0 

0    '   .11 

(V-year  mean 

■ 

1             1             1 

i 1 ."      1^ 

».li> 


a  Year  incomplete. 


&  March,  1900,  violent  hailstorm. 


Record  of  precipitation  at  Deriyig  Creek  {SO  Tittles  exvut  of  Sanora),  7ai«V 

County, 

[Latitude,  88»  00";  longitude,  119«  40';  elevation,  7,000  feet] 


Year. 

Sept. 

Oct. 

Nov. 
2.88 

Dec. 

Jan. 

Peli. 

Mar. 

.-99 

1.85 

2.78 

9.95 

2.77     17.08 

Apr.  I  May. 


June.  Jnly.  AB4 


0.12 


o  Year  incomplete. 


.ippiNcxyrr.] 
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Record  of  precipitation  at  Second  Garotte ^  Tuolumne  County. 
[  latitude,  370  33'  N.;  lon^tude,  120«  24';  elevation,  2,714  feet.    Authority,  J.  P.  Chamberlain.] 


1 

Ye*r. 

Sept. 

Oct. 

Nov. 

Deo. 

Jan. 

1.25 
8.00 

Feb. 

4.52 
14.  tt) 

Mar. 

8.27 
16.00 

Apr. 

2.00 
9.00 

1 
May.  June. 

1 

July. 

0 
0 

Aug. 

0 
0 

Total. 

HH2-M8      .    . 

3.50 
1.00 

0 
1.48 

al9.54 

8Hrj^J«4 

0.68 

0.76 

0.75 

1.00 

52.61 

«S4-8r> ■ 

0 

2.00 

0 

18.50 

4.00 

0 

0 

1.50 

0 

3.50 

0 

0 

20.50 

«8.V^ 1 

.25 

0 

18.00 

6.00 

10.00 

1.00 

5.50 

6.25 

50 

0 

0 

0 

46.50 

8K6-^ 

0 

1.00 

1.75 

2.76 

1.00 

18.75 

1.25 

6.50 

0 

0 

0 

0 

27.  CO 

H87--K8 

1.00 

0 

2.00 

7.00 

7.75 

1.50 

3.00 

1.25 

1.25 

.26 

0 

0 

26.00 

«81M» 

,50 

0 

5.00 

4.25 

fiO 

1.00 

9.75 

.50 

6.76 

0 

0 

0 

27.25 

8t»-90 

0 

6.50 

5.75 

22.00 

15.00 

6.75 

7.25 

2.00 

1.76 

0 

0 

.25 

67.25 

80(MI1 

2.27 

0 

0 

9.00 

2.00 

14.00 

5.00 

3.50 

.25 

0         0 

0 

36.02 

S»l-fl2 

0 

.25 

0 

11.25 

2.25 

3.25 

7.00 

2.00 

6.25 

0          0 

0 

32.25 

«e-98 

.25 

1.25 

10.00 

8.75 

6.00 

7.25 

11.25 

2.50 

0 

0         0 

0 

47.26 

893-94 

.50 

.25 

3.00 

4.00 

10.50 

10.76 

2.25 

1.26 

3.75 

1.00       0 

0 

37.  i6 

894-95 

2.00 

2.00 

.50 

18.00 

13.00 

4.25 

8.75 

2.00 

1.60 

0     '     0 

0 

52.00 

«9f>-96 

0 

0 

1.75 

2.75 

12.00 

0 

5.65 

7.25 

.25 

0     1     0 

2.50 

32.06 

896-97.- 

0 

3. 00 

6.00 

4.50 

4.00 

10.75 

9.01 

.58 

T. 

T. 

0 

0 

37.79 

,897-98 

T. 

2.76 

1.00 

2.50 

2.75 

6.00 

2.50 

.25 

2.50 

0 

0 

0 

20.26 

1898-99 

2.00 

1.50 

1.50 

i.a) 

6.76 

1.00 

14.00 

.53 

1.00 

T. 

T. 

0 

29.29 

IH99-I91I0 

0 

6.72 

6.76 

6.00 

5.25 

1.25 

3.75 

4.00 

1.50 

0 

0 

0 

35.22 

190(>-I9r)l 

.25 

5.00 

14.00 

1.50 

11.00 

17.75 

1.25 

4.00     1.00 

« 

0 

0 

65.76 

lWll-2 

2.25 

2.25 

2.00 

2.00 

1.25 

11.75 

4.75 

3.25     1.00 

a  80.50 

lH-V«^fLl*  m^^fcti 

1 

38.35 



1 1      '  '  ' 

1 

a  Tear  incomplete. 

Record  of  precipitation  at  Sonora^  Tuolumne  County, 
[Latitude,  37*»  68';  longitude,  120*  22';  elevation,  1,900  feet.    Authority,  John  Shaw.] 


Year. 

Sept. 

Oct. 
0 

Nov. 
0.70 

Dec. 
5.76 

Jan. 
7.92 

Feb. 
1.32 

Mar. 

Apr. 
0.25 

May. 

1.02 

June. 

July. 
0 

Aug. 

Total. 

1887-88 

0.64 

3.91 

0.23 

0 

21.76 

1888-89 

.54 

0 

4.45 

5.04 

.88 

1.75 

7.22 

.96 

4.n 

.05 

« 

0 

25.66 

1889-90 

0 

6.83 

7.04 

18.25 

13.59 

9.27 

7.40 

2.66 

2.35 

0 

0 

0 

67.89 

1890-91 

1.69 

.09 

.10 

10.23 

1.74 

9.60 

3.79 

3.77 

.60 

.68 

0 

0 

82.29 

1801-92 

36 

.87 

.08 

9.10 

1.69 

4.20 

6.40 

2.98 

5.18 

.09 

0 

0 

80.40 

1892-98 ,. 

.38 

1.88 

10.28 

6.52 

4.88 

5.93 

11.11 

2.51 

.27 

0 

0 

T. 

43.76 

1898-94 

.53 

.35 

3.39 

3.87 

8.76 

11.46 

2.39 

1.32 

3.96 

1.48 

T. 

0.02 

37.53 

1894-95 

1.21 

4.74 

0 

14.53 

11.19 

4.62 

4.01 

3.25 

2.40 

0 

0 

0 

45.96 

1885-96 

.61 

.21 

.75 

2.51 

10.80 

.49 

5.00 

8.(3 

1.14       0 

0.40 

.61 

31.17 

189&-97 

.25 

2.85 

6.74 

3.97 

3.31 

11.89 

8.37 

.29 

.25' 

.31 

0 

0 

38.28 

1807-98 

.10 

335 

2.15 

2.5:j 

1.71 

5.79 

1.96 

.80 

2.70 

.15 

0 

0 

21.04 

1898-99 

.87 

.84 

1.51 

2.64 

6.99 

.42 

14.03 

1.08 

2.18 

2.17 

0 

.08 

32.81 

1899-1900 

0 

6.90 

7.08 

5.38 

3.20 

1.37 

2.75 

4.28 

2.01 

.20 

0 

.08 

33.14 

190O-1901 

.14 

6.10 

10.29 

2.05 

9.04 

12.89 

1.2() 

4.78 

1.18 

.07 

0 

.04 

46.79 

1901-2 

2.42 

1.81 

3.15 

2.40 

1.35 

7.86 

5.5:^ 

2.45 

....... 

1.44 

0 

0 

.01 

28.42 

i5-year  mean 

1 

...... 

86.76 
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Record  of  precipitation  at  Frazier  mine,  Ventura  CoiaUy. 
[Latitude,  34«»  45';  longitude,  118*  00';  elevation,  8,001)  feet.    Authority,  Hwry  C. Parte 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr.    Xay.Jaiie. July. 

AmT.4i: 

l8944Ni 

0.4D 

0       0 

\)   «ii' 

1895-96 

1896-97 

1flB7-W 

0 

0 

0.33 

0.80 
1.47 
1.00 

0.90 
.78 
T. 

0.68 
4.07 
1.86 

2.94 
7.37 

0 
ft.  83 

ai2 

4.06 

2.22 
.16 

1.08 
.28 

0 
0 

ai5 

13  :•- 
^ife 

1808-99 

' 

aoo    0 

.    '  >.t 

1 

1 

1 

1 

2-year  mean. 

1 

it 

1 

I 

f 

a  Tear  incomplete. 

Record  of  precipitation  at  Mutah  Flat,  Ventura  Coitn^. 
[Latitude,  84«»  88';  longitude,  1 19*  08';  elevation,  4,860  feet.    Authority,  Bnrt  Snedden  Grf* 


Year. 

Sept. 
0.22 

Oct. 
1.70 

Nov. 
0 

Dec. 

Jan. 
0.54 

Feb. 
1.41 

Mar. 
0.80 

,                    1 

Apr.  '  May.  Jiine.  Jnly.  Aa?  '•  J- 

1898-94 

4.10 

0.13 

0.79 

U    ■    ft       »      »> 

1894-96 

1896-96 

0 
0 

.86 
.65 

0 
1.60 

7.88 
1.10 

9.80 
4.58 

.78 
0 

2.96 
4.79 

0          0 
aSO  1    .52 

0      0      0    £■ 

0  ;aao   "    ►''* 

1896-97 

0 

1.75 

1.50 

2.80 

9.10 

8.50 

s.m 

0      '    0 

0   i  .»,  "    ^* 

1897-98 

0 

1.75 

0 

.15 

.60 

1.00 

.90 

0 

.90  aio    0  '  0    -' 

1898-99 

1.80 

0 

0 

.80 

2.26 

0 

2.50 

.50 

0        0    1    0      0       * 

1899-1800 

0 

2.01) 

1.80 

2.26 

2.80 

0 

1.95 

.40 

1.80      0        «       I'     '^' 

1900-1901 

0     1     0 

5.10 

0 

7.00 

4.60 

.25 

1.10 

.68      0       0       0     I"- 

1901-2 

0     !  2.85 

1 

.66 

0 

.75 

8.28 

2.80 

1.41 

0   !  0  1  0     fl    L^ 

9-year  mean. 

m 

1 



1                                                        — 

Record  of  precipitation  at  Nordhoff,  Ventura  County. 

[Latitude,  34«  27';  longitude,  119«  08';  elevation,  1,200  feet.    Authority,  B.  RobiBBon,  I  ^ 

and  H.  Lathrop.] 


Year. 

Sept. 
0 

Oct. 
0.86 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jose. 

1 
July.  iBP 

1886-87 

1.10 

0.78 

0.22 

ia81 

0.44 

1.88 

0.18 

1887-88 

1888-89 

0 

1.63 
5.96 

5.29 
7.22 

7.46 
0 

1.28 

5.47 

.54 

.26 

1890-91 

0   '  0 

J91-92 

0.25 

0 

T. 

2.58 

.67 

2.76 

a68 

.47 

1.39 

0 

0      « 

1892-93 

0 

1.08 

1.85 

8.75 

5.80 

a  64 

7.75 

.45 

T. 

0 

0 

u 

1883-94 

0 

.61 

T. 

a  45 

.68 

.74 

.29 

.19 

.97 

0 

aos 

[) 

1894-96 

.08 

.45 

0 

6.39 

8.61 

.46 

a66 

.89 

0 

0 

0      " 

1885-06 

0 

.10 

1.00 

0 

5.78 

0 

a42 

1.72 

0 

0 

.»    T. 

189tV97 

0 

1.88 

1.08 

aoo 

4.11 

7.16 

2.91 

0 

0 

0 

0      » 

1897-98 

.43 
2.71 

0 
.27 

0 

0 
0 

0    >  <^ 

1898-99 



0 

.13 

a98 

6 

ifiDQ-ionn 

•  -••"* 

lOMf-lDlRI. 

..- 

1901-2 

.25 

4.38 

1.25 

0 

1.87 

5.60 

4.18 

2.  GO 

0 

0 

0 

0 

9-year  mean. 

-  5----- 



____  _^ — 

l.-i 


1% 

I' 
«'. 

f* 

:i« 

n 

3» 


o  Year  incomplete. 
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Record  of  precipitation  at  Smithes  ranch,  Ventura  County. 

Latitude,  34»  44';  longitude,  US**  47';  elevation,  4,000  feet.    Authority,  William  Smith,  Gtorman 

Station.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

0.82 
1.80 
2.85 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Total. 

oUt>    VV.  .1  ■  _  .  _  _ 

1.00 

0 

2.25 

1.45 

1.18 

.10 

0 

0.18 
.82 

0 

0.75 

.45 

0 
0 
0 

0         0 
0         0 
0     '  0.95 

a3.27 

8t»-i9no 

900-1901 

901-2 

0 
0.15 
.10 

0.96 
0 
.25 

0.65 

8.10 

.80 

0.85 
0 
0 

5.14 
9.67 
a. 55 



1            1 

ryearxnean. 

1 

7.41 

1 



a  Tear  incomplete. 

Record  of  precipitation  at  Snedden^s  ranch,  Ventura  County. 
[Latitude,  84*>  41';  longitude,  119<*  (&;  elevation,  4,900  feet.    Authority,  Burt  Sneddon  GriiBn.] 


Year. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

1 

July.  Aug. 

Total. 

i8ee-98 

0.14.   0.02 
0       L15 

a0.16 

l88a-94 

0.08 

0.78 

0 

4.45 

L81 

0.66 

0.45 

0.16 

0.75 

0 

9.67 

1894-96 

.75 

0 

0 

6.99 

6.81 

.49 

L60 

.U 

0 

0 

0         0 

16.15 

1895-96 

0 

.16 

0.91 

.55 

3.47 

0 

5.02 

8.79 

.57 

0 

.25      T. 

14.72 

1896-97 

.33 

1.10 

Las 

2.40 

8.80 

2.92 

2.71 

.02 

0 

0 

.85      .80 

19.58 

1897-98 

.14 

.70 

0 

.05 

.60 

.41 

.65 

0          .54 

0.85 

0         0 

8.44 

1898-99 

1.75 

0 

0 

.80 

8.65 

0 

1.60 

.60       0 

0 

0         0 

6.70 

189^1900 

0 

1.50 

.47 

.27 

L40 

T. 

1.45 

.50     1,40 

0 

0          0 

6.99 

19U0-1901 

0 

0 

4.62 

0 

8.70 

8.80 

.10 

1.10  1    .47 

0 

0          0 

18.69 

1901-2 

0 

1.75 

1.75 

0 

.66 

2.95 

1.86 

.60 

0 

0 

0     1     0 

9.86 

ft-ymr  mean 

11.14 

' 

n  Year  incomplete. 

Record  of  precipitation  at  Upper  Lake,  Ventura  County. 
[Latitude,  'M°  41';  longitude,  119^  (H';  elevation^  4,900  feet.    Authority,  U.  S.  Weather  Bureau.] 


Year. 

• 

Sept. 

Oct. 

Nov. 

J-^OCy« 

Jan. 

Feb 

Mar. 

Apr.   May. 

1 

June.  July. 

Aug. 

0 
0 

Total. 

1890-91 

aO 

1891-92 

0.95 

0.68 

0.71 

7.86 

3.98 

2.50 

3.18 

2.84  '  8.71 

1 

0.49 

0 

26.28 

1892-93 

T. 

1.17 

3.50 

5.80 

4.08  I 

5.19 

5.47 

2.37  '  1.04 

0         T. 

0 

28.12 

189^94 

.85 

.47 

4.83 

2.82 

10.43 

6.21 

1.80 

1.46  '  L02 

1.12  1     0 

T. 

81.01 

1894-96 

.53 

8.05 

1.13 

11.62 

14.92 

4.15 

3.80 

L41     1.39 

0       0.06 

T. 

40.45 

1896-96 

.46 

T. 

8.60 

5.80 

11.18 

.80 

2.89 

6.01     2.07 

0         T. 

0.87 

32.58 

1896-4)7 

.42 

1.04 

5.07 

6.47 

3.45 

6.85 

4.58 

.42       .22 

.97       .05 

0 

29.04 

1897-98 

.08 

1.67 

2.88 

2.61 

.93 

4.57 

.36 

.43     1.90 

.58       0 

T. 

15.51 

1898-99 

.m 

1.01 

L66 

1.34 

8.16 

.25 

5.59 

.90    i.no 

.06       0 

.08 

20.59 

1899-1900 

0 

8.49 

6.33 

9.79 

3.98 

1.31 

3.58 

2.13       .81 

.35 

T. 

0 

31.72 

1800-1901 

.08 

8.96 

5.08 

3.63 

6.44 

4.75 

1.06 

2.48  ,    .70 

0 

T. 

T. 

28.08 

1901-2 

1.11 

1.09 

4.36 



2.09 

1.35 

12.82 

3.87 

2.85     1.60 

0 

0 

.07 

31.20 

11-year  mean 

28.60 

1 ' 

1 

a  Year  incomplete. 
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Record  of  precipitcUion  at  Ventura,  Ventura  County. 
[Latitade,  84»  «K;  longitnde,  IIV"  W;  elevation,  50  feet.    Antliarity,  Mr.  gaxbf.] 


Year. 

Sept. 
0 

Oct. 
0 

Nov. 
0.S0 

Dec. 

Jan. 

Feb. 

Mar. 

1.00 

Apr. 

May. 

0.60  . 

Jime.  Jnlj. 

Ajif-V-Mi 

1873-74 

4.50 

3.75 

4.76 

0 

0 

0 

it     i;  t« 

1874-7B 

0 

0.90 

.75 

0 

13.75 

.12 

.12 

0 

0 

0 

0 

0     :\si 

1875-76 

0 

0 

5.00 

.25 

7.75 

5.75 

2.25 

0 

0 

0 

0 

0       f-« 

1876-77 

0 

0 

0 

0 

3.60 

0 

..50 

0.87 

.75 

0 

0 

0      uc 

1877-78 

0 

0 

3.66 

0 

4.10 

8.51 

1.45 

2.86 

.25 

0 

0 

0       9i£ 

1878-79 

0 

.84 

0 

4.07 

4.67 

1.09 

.23 

2.14 

.35 

0 

0 

fi       11  > 

187!M» 

0 

.57 

1.91 

4.98 

1.41 

7.63 

1.95 

3.61 

0 

0 

0 

0       2"« 

1880-81 

0 

.25 

.84 

8.19 

2.47 

.18 

1.53 

.45 

0 

0 

0 

0       li*l 

1881-82 

0.06^ 

1.98 

.25 

.81 

.60 

2.79 

4.80 

1.23 

on 

0 

0 

0       11» 

1882-88 

0 

.31 

.71 

.10 

a48 

2.35 

1.95 

.18 

2.41 

0.08 

0 

0     31.  i: 

1883-84 

0 

1.00 

0 

4.46 

7.88 

9.96 

9.44 

2.06 

.13 

1.7!) 

0 

n     *" 

1884-85 

0 

.38 

.84 

4.96 

1.85 

.83 

1.58 

.23 

0 

0 

0 

fl      It) 

1886-86 

0 

.08 

.33 

1.03 

6.16 

.34 

2.27 

1.97 

.09 

0 

0 

0       Si 

1886-87 

0 

.02 

.94 

.64 

.80 

11.08 

.39 

1.37 

.11 

0 

0 

0     urs 

1887-88 

.06 

.02 

2.71 

2.86 

8.19 

1.62 

4.51 

.34 

0 

0 

0 

0      ss 

1888-89 

0 

.04 

4.47 

4.39 

.80 

1.46 

5.64 

0 

.65 

0 

0 

0     :i< 

188JMW 

0 

4.45 

2.85 

11.04 

5.01 

1.85 

.45 

0 

0 

0 

0 

HOB     Sv 

1890-91 

.84 

0 

.40 

8.69 

.45 

7.12 

3.10 

.00 

.16 

0 

0 

0     n.ii 

1891-98 

.98 

0 

0 

1.75 

1.05 

4.54 

.29 

0 

0 

0 

0 

Q          -Hi 

189BM» 

0 

.70 

2.15 

5.80 

3.17 

3.02 

7.88 

.48 

.40 

0 

0 

0    ,   5?J 

189a-94 

0 

.85 

.25 

2.04 

.81 

.60 

.27 

-17 

.50 

0 

0 

a       x» 

1894-95 

.95 

.10 

0 

3.13 

5.25 

1.00 

3.17 

.47 

.m 

.a- 

0 

(1       U  I 

• 

22-year  mean 

Vi;* 

...... 
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Record  of  precipitation  at  Rumsey^  Yolo  Oounty. 

[Latitude, 38°  51';  longitude,  122«  14';  elevation,  —  feet.    Authority,  Piaoiflc  Railway  Syst«E 


Year. 

Sept. 
0.80 

Oct. 
0 

Nov. 
6.55 

Dec. 
5.15 

Jan. 
0.95 

Feb. 
1.35 

Mar. 

8.80 

Apr. 

Mayr- 

1888^89 

- 
1.40  :  S.45 

1889-90 

0 

7.90 

4.13 

12.07 

12.01 

4.52 

5.38 

1.17      1.29 

\?m^\ 

.85 

0 

0 

3.91 

.87 

13.60 

1.16 

l.«8     1.2B 

1891-92 

.86 

0 

.36 

4.«) 

3.49 

2.84 

ao8 

1.81     2.78  1 

1888^93 

0 

1.08 

10.57 

1 

11.37 

4.80 

5.42 

5.rr 

1.76 

.  7T 

6-yearmean. 

June.  jQly.Aofr-  Ti'i 


0.15 
0 
0 
0 
O 


0 
0 
0 
0 
0 


n 
0 
0 
0 

\s 


4>  + 


i.* 


3* 


Record  of  precipitation  at  Colgate,  Yuhn  Ootinty, 

[Latitude,  89°  22';  longitude,  12P  lO';  elevation,  660  feet.a    Authority,  Bay  Coantkft  P>»«^ 

Company.] 


Year. 

Sept.  0(!t. 

1 

Nov. 

7.45 
4.39 

0 
5.31 

Jan. 

6.98 
L44 

Feb. 

Mar. 

Apr. 

0 
4.10 

May. 

1 
Jtuie. 

1 
July. 

Aug.  T  -ti 

190(V1901 

1901-2.- 

0     !  6.79 
1.48     3.61 

6.07 
18.22 

2.11 
4.23 

0.08 
.80 

0 
0 

0 
0 

0       i\'* 

8-year  mean. 

1 

! 

1 

.»'* 

1 

r 

1 

a  Gage  at  bottom  of  canyon  1,000  feet  deep. 
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K>tU«i  Ferry,  stream  measurements  at 339 

iciiltural  ditch,  measurements  of 244 

tiliu-  Creek,  mcmimremenUi  of 32, 821 

meda  Creek,  measurements  of 32-39 

er  Creek,  measurements  of 281, 364 

ambru  Water  Company,  stream  meas- 
urements at  weirs  of 245 

io  Creek,  measurements  of 40 

etrez  ditch,  measurements  of 221,299,320 

ei,  rainfall  at 448 

iinus,  rainfall  at 440 

ador  ditch,  measurements  of 168-169 

erican  Rirer,  measurements  of 40-42 

crican  Valley,  stream  measurements  at.       86 

cthelm,  Eitream  measurements  at 320 

ciheim  canal,  measurements  of 310 

aheim  Union  canal,  measurements  of...      309 

gel's  ditch,  measurements  of 339 

t  Creek,  measurements  of 100 

telopc  Valley,  stream  measurements  in.      402 

uas  Creek,  measurements  of 42, 321 

nitas  Creek,  measurements  of 42 

T»yo  Burro,  measurements  of 43, 321 

royo  Camero,  measurements  of 43, 321 

royo  ditch,  meaisurements  of 244 

royo    Grande,    measurements    at    and 

near 43,123 

measurements  of 43 

royo  Leon,  measurements  of 43 

royo  Seco,  measurements  of 4 1^6, 202-204 

royo  Seco  (Salinas  River),  Rotxl  measure- 
ments of 411 

tosian  Belt  Company,  wells  of.  ineasurp- 

ments  of 246 

ibum,  rainfall  at 355, 449 

stream  measurements  near 42, 46 

ibumdale,  stream  measurements  at  and 

near 309, 311, 320 

5U«a,  flood  measurements  at 411 

rainfall  at 434 

stream  measurements  at  and  near 226- 

230,231,218-258 

susa  canal,  measurements  of 228 

rasa  city  well,  measurements  of 246 

iby  Ruth  weir,  stream  measurements  at .      212 

ikersfield,  flood  measurements  near 411 

*W    Mountain,     stream     measurements 

south  of 100 

*lls  Ferry,  stream  measurements  at 199 

auning,  rainfall  at 456 

anta  ditch,  measurements  of 244 

ards  station,  stream  measurements  at 199 

arstow,  rainfall  at 469 

artlett  Springs,  rainfall  at 432 


Page. 

Basin  Creek,  measurements  of 100 

Battle  Creek,  measurements  of 199 

Bay  Counties   Electric  Company's  flume, 

measurements  of 409 

Beams  ditch,  measurements  of 215, 319 

Bear  Creek,  measurements  of 110.242,283-284 

Bear  River,  measurements  of 46, 49 

Bear  Valley  dam,  rainfall  at 459 

Bear  Valley  ditch,  measurements  of 406 

Bear  Valley  headworks,  measurements  of 

Palm  Spring  and 407 

rainf  a  1 1  at 856, 428 

Bear  Valley  trail,  stream  measurements  at 

foot  of 406 

Beard.sley  Water  Company,  stream  measure- 
ments at  station  of 246 

Bearskin   Meadow,  stream  measurements 

near 110 

Beaumont,  rainfall  at 457 

Bellot4i,  stream  measurements  at 54-56 

Benton  Mills,  stream  measurements  at 154 

Blcknel ,  stream  measurements  at 322 

Bicknell  station,  stream  measurements  at. .  319 

Bid  well  Bar  bridge,  stream  measuremcn  is  at  81 

Big  Bend  Tunnel,  stream  mea.surements  at.  86 

Big  Canyon  Creek.  mejiHuremcnts  of 41 

Big  Creek,  measurements  of 261 

Big  Meadows,  stream  measurements  at 86 

Big  Ro<'k  Creek,  mettsurements  of 60 

Big  Spring  Branch,  meiusurements  of 86 

Big  Tree  Creek, measurements  below  month 

of 339 

Big  Walker  River,  measurements  of 402 

Bijou,  Nev.,  measurements  of  ten  small 

streams   between    Glen    Brook 

and 368 

Bishop  Creek,  rainfall  at 426 

Bishop  road,  stream  measurements  near. . .  173 
Black,  Mrs.,  weir  of,  stream  metusurements 

at 246 

Blttckburns  Junction,  stream  measurements 

at 402 

Blackwood  Creek,  measurements  of 367 

Blaney  Meadows,  stream  measurements  at.  261 

Bloody  Canyon,  stream  measurements  at . .  173 

Bloomington  flume,  measurements  of 216, 319 

Blue  Canyon  Creek,  measurements  of 160 

B<x'a,  measurements  at 366 

rainfall  at 443 

Boulder  Creek,  measurements  of 110 

Bowman  dam,  flood  measurements  of  Yuba 

Riverat 410 

rainfall  at 144 

Bradbury  ranch,  stream  mea.surementH  at. .  244 

479 


480 
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Brannan  Sloufirh .  mcasurementB  of 187 

Bridal  Veil  Creek,  mea^iurementfl  of IM 

Bridgeport,  etream  meamirements  at  and 

near 401,109 

Bridgeport  Valley,  stream  m  easurements  in .      401 

Briscoe  Creek,  measurements  of 341 

Brown  ditch,  measurements  of 341 

Brundegc  place,  stream  measurements  at..     317 

Bruns  Creek,  measurements  of 64 

Brush  Creek,  measurements  of 101 

Bryson,  Htream  measurements  at  and  near.      206 

Bubbe  Creek,  measarements  of 110 

Buckeye  Creek,  measurements  of 401 

Buckeye  Springs,  stream  measurements  at.     401 

Bull  Run  Creek,  measurements  of 100 

Bulls  Head  Canyon,  measurements  at 71 

Burnett  Creek,  measurements  of 206 

Bumey  Creek,  measurements  of 182 

Burney  Falls,  stream  measurements  below.      182 

Burts  Ferry,  stream  measurements  at 85 

Butano  Creek,  measuremenis  of 60 

Butte  ditch,  measurements  of 168 

Butte  Valley,  stream  measurements  at 86 

Butte  Valley  Creek,  measurements  of 86 

Cache  Creek,  measurements  of 61-53 

Cajon  Creek,  measurements  of 63 

Cajon  Creek  Canyon,  stream  measurements 

in 818 

Calabasas,  rainfall  at 434 

Calaveras  River,  measurements  of 53-66 

Caliente,  rainfall  at 428 

Callentc  Creek,  measurements  of 66-59 

California  State  engineering  department, 

acknowledgments  to 12 

Calloway  canal,  measurements  of 99-100 

Cameron  or  Sheep  Creek  ditch,  measure- 

mentj«of 244 

Camp  C^irlton  ditch,  measurements  of . . .  215, 819 

Camp  Independence,  rainfall  at 427 

Camp  Mohave,  stream  measurements  at. . .  69 
Camp  Ta)>cand,  stream  measurements  at . .      168 

Camp  Wright,  rainfall  at 439 

Campers  station,  stream  measurements  at. .      243 

Campo,  rainfall  at 463 

CamuIoH,    stream   measurements  2   miles 

east  of 328 

CamuloH  ditch,  measurements  of 323 

Canyada  del  Corral  Creek,  measurements 

of 60,821 

Canyada  Lares  Creek,  measurements  of  . . .  60 
Canyada  Llaces  Creek,  measurements  of . . .  821 
Canyada  Refugio  Creek,  measurements  of .  60, 821 
Canyada  Verde  Creek,  measurements  of. .  60, 821 

Capitan  ( El )  Creek,  measurements  of 60 

Ca  rlK)n  Bridge,  stream  measurements  at . . .      182 

Carpentcria  Creek,  measurements  of 61, 321 

Carson  River,  measurements  of 61-64 

Carson  River  Ba^in,  measurements  in 64 

Cascade  ('reek,  measurements  of 336, 868 

Castillo  ditch,  measurements  of 309 

Castle  Crags,  stream  measurements  at 199 

Cate  ditch,  measurements  of 244 

Cattle  Canyon,  measurements  of 243 

Chapman  ranch,  stream  measurements  at .  244 
Chapman  well,  stream  measurements  of. . .  246 
Chatsworth,  stream  measurements  at 40 


nr 

Cherokee,  rainfAll  at t- 

Cherokee  Pipe  croaBliig,  stream  mms::^ 

mentsat *' 

Cherokee  reservoir,  rainfall  at C 

Cherry  Creek,  Colo.,  flood  measniem^ct^ 

of ' 

Cherry  River,  measnrements  of >.  • 

Chillie  Bar,  stream  meanxrements  at. 

Chino  Creek,  xneasazements  of ^v-'     .* 

Chiqnlta  San  Joaquin  River,  measuresser'* 

of - 

Cbowchilla  Creek,  measorementot  of *  -" 

Christmas  Prairie,  rainfall  at ^ 

Church   ditch   (Fresno   Oanali.  meaArr 

ments  of 

Cisco,  rainfall  at '»  ». 

Citizens'  Water  Company's  well  O.Tin*. 

measurementa  of >" 

City  Creek,  measurements  of ^  ' 

Claremont,  stream  measurements  in 

Clark  Creek,  measurements  of '* 

Clarks  Fork,  measoiements  of 

Clear  Creek,  measurements  of 

(Hear  Lake,  evaporation  at 

Clements,  etream  measarements  at 

CHinton,  stream  measurements  at 

Colby's  camp,  rainfall  at • 

<3old  Creek,  measurements  of )•  >* 

(3old  Spring  Can  yon ,  measniements  of . . .  . 

Ck>ld  Stream  Creek,  meaararement*  of 

(Toldwater  Oeek,  measurements  of ...  f^.:>  .- 

Ck>le8,  raln£a]l  at » 

Ck>lfax,  rainfall  at •  ♦ 

stream  measurements  near «- 

Colgate,  rainfall  at •** 

Colliers,  stream  measurements  near 

(k>llinflville,  stream  measuremmti  at ... .  '^"^  ' 
Colony  dam,  stream  tneaanrpmeotr  ni?u.. 

Colorado  River,  measurements  of 

0)lton,  measurements  in  canals abon-...  -  - 
stream  measurements  in  virinlly  c«f  .     .. 

Coltou  ditch,  measurements  of 

(Bolton   Terrace    Water   Company.  j*i«i- 
measurements  at  station  o:. .  ■ 

(Consolidated   Water   Company's    ]\a&i<:- 

plant,    weir   of,  measarriDf-:^'' 

at 

Convict  Creek,  measurements  of 

(Topper  City,  stream  measuranents  nmr . . 

Copper  Creek,  measurements  of 

(Torral  Creek,  me«i8nrements  of 

Cosunmes  River,  measurements  of '•'' 

Ck>ulterville,  rainfall  at 

Covina  Irrigation  Company,  pumping  p^*' 

of,  stream  measurements  at... 

Ck>vina,  well  at,  measurements  of -' 

Ck>w  Oeek,  Tuolunme  County,  metsos^- 

mentsof 

Craf  ton  canal,  measurements  at  h«ad«i>rk« 

of Vff.r 

Crafton   ditch,   San    Bernardino  Qoan 

measurements  at  head  of 

Crafton  Water  Company's  fmrnfang  pla-n' 

stream  measurements  at 
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iK'ker- Hoffman     canal,     measurements 

near 153 

!H-keR»  ^Sequoia  post-office),  rainfall  at..      474 

(jun  Creek ,  measurements  of 110 

own     Meado\«r,    stream    measurements 

near 110 

camonga  Creek,  measurements  of 75, 317 

CHmonga  Land  and  Water  Company,  weir 

of,  Htream  measurements  of . . . .      317 
rrier's  dam  site,  stream  measurements 

above 203 

yamaca,  rainfall  at 355 

iyamaoa  reservoir,  rainfall  at 463 

run-off  in  watershed  of 20 

vWy  ditch,  measurements  of 216, 819 

."y  €  also  Meeks  ii  Daley  ditch. 
inieN  &  Overholtzer  well,  measurements 

of 247 

ity  <&  Sons,  -well  of,  measurements  of 246 

I  vis  ranch,  stream  measurements  at 95 

»con  well,  measurements  of 246 

^P  Creek,  rainfall  at 459 

«r  Creek,  measurements  of 78-81, 110. 368 

;1  Monte  Water  Company,  weir  of,  stream 

measurements  at 317 

il  Kotta.  canal,  measurements  of 318 

.^lihi  mine,  stream  measurements  near. . .      409 

.'Ita,  rainfall  at 467 

?mc>orat  Springs,  measurements  of 101 

?ring  Creek,  rainfall  at 474 

i>M-ansiO,  rainfall  at 355,463 

t?vl]«  Gate,  stream  measurements  at  and 

near 45,186 

inkey  Creek,  measurements  of 110 

in»«niore  Creek,  measurement  of 81,321 

iM'harge  tables  list  of 32-409 

(jbbins  Creek,  measurement  of 81 

o^  Valley  Creek,  measurements  of 365 

onner  Creek,  measurements  of 363, 365 

onner  Lake,  measurements  near 363 

f>«  Pueblos  Creek,  measurements  of 81, 321 

otta,  or  Lower  Big  Spring  Branch,  jneas- 

urements  of 86 

ouglas  and  McQulUy  well,  measurements 

of 247 

oy los  ditch,  measurements  near 374 

ry  or  Jackson  Creek,  measurements  of  . . .  82-84 

ry  Meadows,  stream  measurements  at 100 

uarte  canal,  measurements  of 228 

uartc  Mutual  Improvement  and  Canal 
Company,  stream  measure- 
ments at  station  of 245 

•unsniuir.  rainfall  at 469 

turkee  ditch,  measurements  of 300, 320 

»uyy  Meadows,  stream  measurements  at. . .      Ill 

button's,  stream  measurements  near 181 

alon  Canyon,  stream  measurements  In . . .       85 
'Ast    Riverside   district,  stream  measure- 
ments in 216 

]&st  Riverside  ditch,  measurements  of 319 

last  Twin  Creek,  measurements  of 318 

Cast  Whittier  ditch,  measurements  of 244 

Eastwood,  J.  S.,  dam  site  of,  stream  metis- 

urementsat 261 

Saton  Wash,  measurements  of  wells  in  —       85 
Sdgewood,  rainfall  at 469 

IRR  81—03 31 
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Edwards    bridge,    stream    measurements 

near 409 

£1  Capitan  Creek,  measurements  of 321 

El  Monte  Narrows,  stream  measurements 

near 243 

£1  Monte  road  crossingi,  stream  measure- 
ments at 248 

Eldorado,  rainfall  at 422 

Eldorado  bridge,  stream  measurements  at . .      409 

Eldorado  ditch,  measurements  of 41 

Eldorado  fl  umc,  measurements  of 40 

Eleanor  Creek,  measurements  of 388-385 

Eleanor  Lake,  measurements  at 385 

Eleanor  trail  crossing,  measurements  at. .  382-383 

Electra,  flood  measurements  at 411 

stream  measurements  at 168, 173 

Elevation,  increased  rainfall  with,  diagram 

showing 16 

relation  of  rainfall  to 355-357 

Elk  Creek,  measurements  below 341 

Emerald  Bay,  measurements  of  streams  be- 
tween Meeks  Creek  and 367 

Emerald  Bay  Creek,  measurements  of 367 

Emigrant  Gap,  rainfall  at 452 

En  terprise,  Ltream  measurements  at 86 

Enterprise  canal,  measurements  of Ill 

Escondido  Irrigation  District  canal,  stream 

measLirementsathead  works  of.      274 
Esperanza  station,  measurements  opposite.      310 

Essex,  Nev.,  stream  measurements  at 365 

Eureka  Lake  Company's  canal,  measure- 
ments at 409 

Eureka  Valley,  measurements  in 337 

Evans  ditch,  measurements  of 221, 359 

Evans  Island  ditch,  measurements  of 221 

Evans  lower  ditch.  Riverside  County,  meas- 
urements of 299 

Evans  upper  ditch,  measurements  of 300, 320 

Evaporation  at  Sweetwater  reservoir 348 

measurement  of 20-32 

methods  of 23 

Extrelsior  Mining  and  Irrigation  canal,meas- 

urementsof 409 

Fall  River,  measurements  of 182 

Falls  Creek,  measurements  of 3S6 

Farmers  ditch,  measurements  of 323 

Farrell  ditch.      See   Logsdon    Je     Farrell 

ditch 217 

Flcay  Creek,  measurements  of 87 

Fillmore,  measurements  1  mile  east  of 323 

Fish  Fork,  stream  mea.surements  near 237 

Floods,  measurements  of 410-411 

Florence,  Ariz.,  flcxxi  measurements  of  Gila 

River  at 410 

Floriston.  stream  measurements  at 364 

Feather  River,  measurements  of 85-87 

Follows  Camp  (.\zusa ),  rainfall  at 434 

Folsom,  stream  measurements  at  and  near.  10,41 

Fort  Bidwell,  rainfall  at 440 

Fort  Crook,  rainfall  at 468 

Fort  Jones,  rainfall  at 470 

Fort  Mountain,  stream  measurements  east 

of 169 

FortTejon,  rainfall  at 429 

Fort  Tejon  Creek,  metisurements  of 87 

Fosters,  stream  measurements  near 203 
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Fountain  of  Life  Spring,  etreftm  measure- 
ment at 218,214 

Foutx  Springs,  rainfall  at 421 

Fow ler  8 witcli  canal,  measurements  of  —      110 

Frazier  m  ine,  rainfall  at 476 

Frcemans  Bridge,  Yuba   River,  measure- 
ments at 409 

Freeport ,  stream  measurements  at 187 

French  House,  stream  measurements  at —      181 

Fresno  Creek,  measurements  of 88-90 

Frey'fl  ranch,  stream  measurements  at 317 

Frog  Creek,  measurements  of 885 

Fuller  ditch,  measurements  of 811, 320 

measurements  above 311 

Fulton,  D.,  well  of,  measurements  of 247 

Gage  canal  (Santa  Ana  River),  measure- 

mentsof 216.319 

Oalligers  Ford,  stream  measurements  at . . .      308 
Gardnerville.  Nev.,  stream  measurements 

atandnear ®2 

Gato  Creek,  measurements  of 91-98 

Gazoo  Creek,  measurements  of W 

General  Creek,  measurements  of 867 

Georgetown,  rainfall  at 423 

Gila   Bend,    flood   measurements  of  Gila 

Riverat 410 

Gila  River,  Ariz.,  flood  measurements  of...      410 

Gilliland's  ditch,  measurements  of 311, 320 

Gla-ssell  tributary,  measurements  of 183 

Glen  Brook,   Nev.,  measurements  of  ten 
small    streams  between  Bijou 

and ^^ 

Glen  ranch,  rainfall  at 460 

G lendora,  stream  measurements  at 246 

Goodwin  Mining  Company's  canal,  meas- 
urements at 385 

Gorman  Creek,  measurements  of 181 

Gorman  station ,  stream  measurements  near.      181 

Gould  canal,  measurements  of HO 

Granite  Creek,  measurements  of HO,  261 

Gra-Hs  Valley,  rainfall  at 446 

Graves  and  Bean  tunnel,  stream  measure- 
ments at 245 

Gray  and  Shaws,  stream  measurements  at.      187 
Grease  (Santa  Clara)  ditch,  measurements 

of 323 

Green  Creek,  measurements  of 401 

Green  Spot  pipe  line  (Santa  Ana  River), 

measurements  of 284-286, 318 

Grindstone  Creek,  measurements  of 341 

Gubemador  Creek,  measurements  of 94, 321 

Hacketl  Meadows,  streamjneasurementsat .       96 

Half  Moon  Bar,  measurements  near 43 

Half    Moon    Bay,    stream    measurements 

above 181 

Hall  ditch,  measurements  of 341 

Hamptonville,  stream  measurements  at..  262-264 

Harris  Creek,  measurements  of 100 

Harvey's  ditch,  measurements  of 64 

Haskell  well,  measurements  of 317 

Hat  Creek,  measurements  of 182 

Hauser  Brothers  well,  measurements  of  . . .      247 

Hawkins  Creek,  measurements  of 64 

Haws  &  Talmage  ditch,  measurements  of.  217, 319 

Hays  &  Stratton  well,  measurements  of 247 

Henne!«sey8.  stream  measurements  at 85 


Hemdon,  flood  measurements  at 

stream  m^asnrements  at 25ft-it*  2U. « 

Hetch    Hetehy   dam    <dte.  mescaremetit^ 

atf •  >- 

Hetch  Hetcfay  Valley,  stream  m€asDfeia^:i> 

in >1  • 

Highland,  W.  A.,  stream  mesflirei&«st«B:.    .4 

Highlands  canal,  measurements  of .^'  ' 

Hinse  Mountain,  stream  measnreoeDt*  tx.. 

Holcomb  Creek,  rainfallat 

HoUenbeck  ranch,  stream  momroicsr* 

near J' 

Honey  Lake,  measurement*  of 

Honey  Lake  Basin,  measurement;  at ... .  '*  - 

Hood,  William,  reference  to 

Hooper  ditch,  me&saremcnts  of 

Hombrook.  rainfall  at ^ 

Horse  Creek,  measurements  of ■ 

Horse  Meadows,  stream  meaBnremesit«st 
Horseshoe  Bend,  stream  measorenwBts  at      ■< 

Hot  Springs,  stream  measuremend!  at 

Houae  Creek.    See  Tejon  House  Creet 

Huffs  Bar,  stream  measuranents  at * 

Hunter  Creek,  measurements  of 

Huntoon  ranch,  stream  measomunts  e: . .   ^ 
Hydraulic  Mining  Companjr's  canal,  ocaj- 

urements  of '* 

Iceland,  stream  measurements  at 

Idlewild,  measnr«aants  of  streamf  let^^ 

McKinney*s  and ' 

niilonette  River,  meamremenb  of 

Independence  Creek,  measuremcnte  d  —    •' 

Independence  Lake,  measurements  »t ^ 

Indian  Creek,  measurements  of -  "*" 

Indian  Hill,  stream  measaremeots  at 

Indian  Valley,  stream  measorenMfits  n- 
lowa  Hill  (Strawberry  FUt),  rainfall  at ... 
Iron  Canyon,  stream  measuranentnit...  *-•  - 
Iro^j  Fork,  San    Gabriel   River,  mea-^n-^ 

mcntsnear '^'' 

Isabella,  rainfall  at ' 

stream  measurements  at 

Jacinto,  rainfall  at •    '' 

Jackass  Creek,  measurements  of 

Jackson,  rainfall  at ^ 

Jackson  Creek,  measurement  of *-"* 

Jacksonville,  stream  measurements  at 

Jellys  Ferry,  flood  measurements  at 

stream  measurements  at 

.loc  Gray  Creek,  measurements  of 

Jolon,  flood  measurements  nwr 

rainfall  at "_. 

stream  measurements  at ^* 

Julian,  rainfall  at 

Julian's  ranch,  flood  measnrements  at  -  - 
stream  measurements  at 

rainfallat * 

Juniper  Creek,  measurements  of 

Jurupa  canal,  measurements  of 

Steoiao  North  Riverside  and  J anipaeAM 
Kansas   City  Syndicate,  developm^n*  •- 
stream  measuremenBol'^B?- 

Kaweah  ditch,  measurements  of 

Kaweah  River,  measurements  of 

Keeler,  rainfall  at 

Keene,  rainfallat 
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enebrook  station,  stream  measorements 

at 68 

ller  Creek,  measurements  of 289 

m  County,  evaporation  in  Tulare  County 

and '. 22-81 

m  Lake,  eraporation  at 25 

stream  measarements  below 100 

m  River,  evaporation  at 26 

flood  measurements  of 411 

measurements  of W-109 

m  River  Power  Company,  stream  meas- 
urements above  station  of 101 

mville,  rainfallat 480 

!2tream  measurements  near 101 

wen  Lake,  stream  measurements  near . .      245 
lion's  pumping  plant,  stream  measure- 

mentsat 244 

ig  City,  rainfall  near 441 

stream  measurements  at  and  near. . . .  207, 208 
Qg  River,  evaporation  at 27-31 

flood  measurements  of 411 

measuremen  ts  of 10$mi9 

cig  River  Basin,  rainfall  in 19 

agH  River  Canyon,  stream  measurements 

near 110 

ngxbury,  evaporation  at 27-81 

stream  measurements  at Ill 

ngfibury  canal,  measurements  of 110 

ser  well,  measurements  of 247 

lights  Ferry,  measurements  near 838-840 

I igh ts  Landing,  stream  measurements  at.      187 

»no  Tayee,  rainfall  at 432 

lip  well,  measurements  of 247 

Liebre,  rainfallat 486 

Verne  Land  and  Water  Co.,  well  of, 

measurements  of 247 

grange,  flood  measurements  at 411 

sstream  measurements  at 385, 88&-892 

grange    dam,    flood    measurements   of 

Tuolumne  River  at 410 

grange  ditch,  measurements  of 398 

guna,  rainfall  at 464 

ke  Eleanor,  stream  measurements  at. .  384-386 
ke  Tahoe,  evaporation  at 20-21 

measurements  at  outlet  of 361 

of  streams  lowing  into 367-369 

ke  Vernon,  stream  measurements  at 386 

keport,  evaporation  at 31-82 

rainfallat 433 

manda  Park,  stream  measurements  at . .      214 
incaster,  C.  L.,  weir  of,  stream  measure- 
ments at 317 

inc'ha  Plana  dam ,  measurements  at 169 

iporte,  rainfallat 465 

iryens,  stream  measurements  above 402 

>throp,  stream  measurements  near 261 

itrobe,  stream  measurements  at 72 

luz  ditch,  measurements  of 841 

!avitt.  stream  measurements  at 402 

>evining,  stream  measurements  at 173 

ddel,  Robert,  weir  of,  stream  measure- 
ments of 246 

ttle  Bear  Valley,  rainfall  at 460 

ttle  Grass  Valley,  stream  measurements 

at 86 

ittle  John  canal,  measurements  of 838 
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Little  Kern  River,  measurements  of 100 

Little  Lake,  measurements  at 244 

Little  Rock  Creek,  measurements  of 119 

Little  Rock  irrigation  district,  stream  meas- 

urementsin 119 

Little  Silver  Creek,  measurements  of 40 

Little  Stony,  rainfall  at 422 

Little  Truckee  River,  measurements  of 366 

Little  Walker  River,  measurements  of 402 

Live  Oak  Suspension  Bridge,  Sacramento 
County,  stream  measurements 

at 72-76 

Lobetus  Creek,  measurements  of 119 

Lodi,  stream  measurements  at 168 

Logsdon   &  Farrell  ditch,  measiurements 

of 217,819 

Loma  Ahajo,  measurements  of 12Q-123 

Lone  Star  Mills,  stream  measiu^ments  at.  170-172 
Ix>ne  Star  Spring  pumping  plant,  measure- 
ments at 818 

Long  Valley,  stream  measurements  at Ill 

Lopez  Creek,  measurements  of 123 

Lordsburg,  stream  measurements  at 817 

Lordsbuig  Mesa,tltream  measurements  on.     247 

Los  Angeles,  rainfallat  ...^ 366,485 

Los  Angeles  River,  measurements  of 123-187 

Los  Flores  Canyon,  stream  measurements 

in 137-188 

Los  OJitos  dam  site,  stream  measurements 

at 206 

Los    Robles   Water  Company's    reservoir, 

measurements  in 245 

Loughery  dam  site,  stream  measurements  at .       46 

Lower  Lake,  stream  measurements  at 62-68 

Lower  Murphy  ditch,  measurements  of 101 

Lower  Piru  Creek,  measurements  of 181 

Lower  Stafford  ditch,  measurements  of  ... .      101 

Lower  Tule  canal,  measurements  of 376 

Lundy  Lake,  stream  measurements  near. . .      173 

Lytic  Creek,  measurements  of 139, 148, 318 

Lytle  Creek  canal,  measurements  of 141-146 

McCloud  River,  measurements  of 152 

McFarlands  Bridge,  measurements  at. . . .  375, 880 

Mcln tyre  ditch,  measurements  of 217,319 

McKenzie  ditch,  measurements  of 217, 319 

MeKinney  Creek,  measurements  of 367 

McKinnejrs,  measurement  of  streams   be- 
tween Idlewild  and 367 

Magic  Hill,  Xo.  1,  rainfall  at 436 

Main  River,  measurements  of 41 

Main  Silver  Creek,  measurements  of 41 

Malakoff  mine,  rainfall  at 445 

Mammoth  Creek,  measurements  of 173 

Manache  Meadows,  stream  measurements 

at W.IOO 

Manzana,  rainfall  at 436 

Maria  Ignacia  Creek,  measurements  of. . .  148, 321 

Mariposa  Creek,  measurements  of 149-151 

Martis  Creek,  measurements  of 364 

Marysville,  stream  measurements  at 85, 407 

stream  measurements  between  Smarts- 

villeand 407 

Mas.  C.  and  M.  Company's  dam,  measure- 
ments at 154 

Ma&sey  wells,  stream  measurements  of...  246-247 
Matthews  ranch,  rainfall  at 441 
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Matthews    ranch,    ntream    measurements 

near 207 

Mayberry  Canyon,  measurements  In 152 

Meeks  de  Daley  ditch,  measurements  of 319 

Meeka  Creek,  measurements  of  streams  be- 
tween Emerald  Bay  and 967 

MeigKs  Creek,  measurements  of 367 

Mendota,  stream  measurements  at 261 

Merced  Falls,  stream  measurements  at  and 

near 153,155-157,158 

Merced  River,  measurements  of 1S2-158 

Merced  River  Mills  canal,  measurements  of.     153 

Middletown,  rainfall  at 433 

Mill  Creek  "  A,"  rainfall  at 460 

Mill  Creek  "  B,"  rainfall  at 461 

Mill  Creek,  measurements  of Ill ,  178, 318, 837 

Mill  Creek  (Santa  Ana  River),  measure- 
ments of 158-163 

Mill  Creek,  measurements  of,  at  Junction 

Love  and  Morgan  creeks 839 

Miller  &  Lux  canal,  measurements  of 261 

Miller  Bridge,  stream  measurements  near .     261 
Millers  Narrows,  stream  measurements  at.  147-148 

Milo,  rainfall  at 473 

Milton,  measurements  near 208 

Mission  ditch,  measurements  of 246 

Mission  Creek,  measurements  of 163, 321 

Modesto,  stream  measurements  at 396-^399 

Mohave  River,  measurements  ot 164-167 

meteorologicand  hydrographicworkat.       20 

Mokelnmne  ditch,  measurements  of 169 

Mokelumne    Hill,    stream    measurements 

at 168-169 

Mokelumne  River,  flood  measurements  of.      411 

measurements  of 168-178 

Mono  Creek,  measurements  of 261, 326-827 

Mono  Lake  drainage  basin,  measurements 

in 173 

Mono  tributary,  measurements   of  Santa 
Ynez    River    above     Junction 

with 825-326 

Monrovia  Canyon,  stream  measurements  at     245 
Monrovia  Water  Company,  stream  measure- 
ments at  weir  of 245 

Montague,  rainfall  at 470 

stream  measurements  south  of 828 

Monte  Vista  canal,  measurements  at  head- 
works  of 137 

Moorwaw  &  Son,  well  of,  measurements  of.      247 
Morengo  Canyon,  stream  measurements  at 

weirin 245 

Morengo  Water  Company,  stream  measure- 
ments at  weir  of 245 

Mormon  Canyon,  flood  measurements  of  . .      410 
Morningside  ranch,  weir  of,  stream  meas- 
urements at 246 

Morton  Canyon,  stream  measurements  at..      318 
Morton  Canyon  Water,  measurements  of . . .      290 

Mount  Breckenridge,  rainfall  at 431 

Mount  Diablo,  rainfall  at 422 

Mount  Diablo  meridian,  stream  measure- 
ments at 101 

Mount  Hamilton  (Lick  Observatory),  rain- 
fall at 467 

Mount  Lowe  (£cho  Mountain  post-ofHce), 

rainfall  at 436 


Mount  Sister  Elsie,  rainfall  at it 

Mount   Whitney   Prjwer  Company  fuse 

measurements  at ^ 

Mount  Whimey  power  plant,  stream  xbcs^ 

oiements  near i- 

Mountain  districts,  ga^esused 1^ 

Mountain  Home,  rainfall  at r 

stream  measorements  at l*-l^- 

MuUard  well,  strcAm  meKsnremenfii  d . .. .  S 

Mumford  Hill,  rainfall  at «» 

Mutah  Flat,  rainfall  at r- 

Myers  ditch,  measorements  of ^ 

Nacimiento  Creek,  measurements  <^ S 

Nameless  Mining  Conipan3r's  dam,  matste^ 

mentsof !-•< 

Narrows  flume,  stream  measurement?  st...  S' 

Natoma  ditch,  measurements  of ^ 

Needles  Peak,  stream  measorementa  at ... .  It 

XeiVs  ditch,  measurements  of ^- 

Nellie,  rainfall  at ^ 

Nelson  Creek,  meanxrements  of ^ 

Nelson's,  stream  measurements  betirecs 

Indian  reservation  and ^' 

Neuraff,  stream  measuremoits  at ^ 

Nevada  City,  rainfall  at ^ 

New  Deal  Water  Company,  well  of.  laeas- 

urementsof -'«* 

Newberry  ditch,  meaaurements  (rf tll^ 

Newberry's  east  line  (Santa  .\na  Rjiw. 

meaaurements  of ^ 

Newell,  F.  H.,  letter  of  transmittal  by ' 

Newhall,  rainiall  at -' 

Newhall  ditch,  measurements  of ^ 

Newlial]  ranch,  measiurements  on ^ 

Newton  ditch,  measurements  of. - 

Niagara  Creek,  measurements  of "^ 

measurements  near  mouth  of ^ 

Nigger  Hill  ditch,  measurements  of •- 

Nilesdam,  measurements  at '^ 

Nordhoff.  rainfall  at *^ 

Norris  well,  stream  measnirementF  of 

North  Bloomfield,  rainfall  at *•' 

North  Bloomfield  ditch,  measurements  of . 

North  Columbia,  stream  measuronent*  i:  ■  i' 

North  Fork  canal ,  measurements  of ^ 

North  Needles  Creek,  mea»irement«  of . . 
North  Rivetside  and  Jurupa  canaL  rnvtr- 

urementsof '>  ^ 

Oak  Knoll  Park,  stream  measnremratsai.-  ' 

Oakdale,  flood  measurements  at 

stream  measurements  at S2&-33&  i^'-* 

Oakdale  canal,  measurements  at  flom«  n^ttr  ' 
Oakdale  Ditch  Oompanv's  flume,  niesscr^ 

urementsat •" 

Old  Mill  Valley  ditch,  meajmrements  of  ... 
Old  Mission,  stream  measurements  near.- 

Old  Temple  ditch ,  measurements  of -' 

One-mile  Creek,  measurements  of 

Ontario,  stream  measurements  at ^ 

Orland  ditch,  measurements  of ' 

Oroville.  stream  measurements  at. ^'" 

Owens  River,  measuremen ts  of •' 

Pacific   Improvement   Company's  tusael 

stream  measurements  at 

PacoiiAa,  stream  measurements  at 

Padaro  Creek,  measurements  of i"*' 
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no  well,  measurements  of 246 

A.  stream  measurements  east  of 274 

ermo  canal,  south  fork,  measurements 

of 86 

lett  tributary,  measurements  on ^  50 

m   avenue  weir,  stream  measurements 

of 216-217 

m  Spring^,  measurements  of  Bear  Valley 

and 407 

m  Valley,  measurements  in 328 

mdale  ( head  workii) .  rainfall  at 437 

lama  Slough,  evaporation  at 25 

•ker  Creek,  measurements  of 173 

:kH    Bar    bridge,  Smartsvllle,    measure- 
ments below 408 

rrc  Its  Ferry;  measurements  at 330, 339 

udena,  stream  measurements  at 245 

well  near,  location  of 175 

•sadena   Mef^a,   underground    water    ob- 
tained from 174-180 

sadena  weir,  measurements  of 245 

storia  Creek,  measurements  of 180 

tton  tunnel,  stream  measurements  at . . .  245 
ttons    East     Canyon,    stream    measure- 
ments in 245 

r-ks  bridge,  stream  measurements  at 182 

K'adero  Creek,  measurements  above 50 

measurements  of 181 

*«cadero,   stream  measurements  6  miles 

above 1 81 

•tersons  Creek,  measurements  of 64 

lillips'ft  ranch,  stream  measurements  at..  317 

erce's  camp,  stream  measurements  at 210 

larcitow  Creek,  measurements  of 181 

nkertou  dam  site,  stream  measurements 

at 206 

oneer  canal,  measurements  of 374-376 

ru  City,  stream  measurements  at 181 

iT\i  Creek,  measurements  of 181 

Iru  pipe  lino,  stream   measurements  at 

headof 181 

it  River,  measurements  of 182 

measurements  of  tributary  of 182 

lacerville,  rainfall  at 424 

stream  measurements  3  miles  from 41 

laeitas  road  .stream  measurements  above. .  61 

leasant  Valley,  stream  measurements  at. .  409 

lunge  Creek,  measurements  of 1S2, 318 

ogues  upper  ditch,  measurements  of 95 

ol  la^ky,  st  ream  measurements  at 261 

olljisky  Bridge,  stream  measurements  near  261 

•ollasky  Ford,  stream  measurements  at . . .  261 

oraona.  stream  measurements  at 317 

v»mona  College,  stream  measurements  near  317 
'omtma  Land  and  Water  Company,  weir 

of,  measurements  of 377 

'omponio  Creek,  measurements  of 182 

•ortal,  stream  measurements  at 68 

'orterville.  rainfall  at 474 

stream  mpasurements  at  and  near 374, 

375, 376, 377-379 

*oso  Creek,  measurements  of 1S3-185 

f*oway,  rainfall  at 855 

Powers  ditch,  mea.surements  of 101 

Prativille,  stream  measurements  near 86 

Pretipitfttion,increase  of  with  altitude  ..  353-355 
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Priests  Valley,  rainfall  at 441 

Prosser  Creek,  measurements  of 366 

Puente  ditch ,  measurements  of 243 

PurLssima,  stream  measurements  above 185 

Purissima  Creek ,  measurem  en  ts  of 185 

Putah  Creek,  measurements  of 186 

Quinton  Creek,  measurements  of 402 

Rabel  ditch,  measurements  of 319 

Rabel  dam  ditch,  measurements  of 218 

Rainfall  at  Sweetwater  reser>'oir 348 

dlt^rams  and  tables  showing 14-17 

records  of 13 

relation  of  elevation  to 352-357 

relation  of  run-off  to 14-20 

tables  showing  amount  of 420-478 

Raneheria  Creek,  measurements  of B82 

Ranchero  ditch,  measurements  of 218, 319 

Rancho  del  Jurupa,  rainfall  at 461 

Ravencrofts,  stream  measurements  near. . .      343 

Red  BlufT,  stream  measurements  at 191 

Red   Hill,  stream   measurements   at   and 

near 76-78,317 

Red  Mountain,  flood  measurements  at 411 

stream  measurements  at 111-112, 116-119 

Redding,  rainfall  at 468 

Redlands,  rainfall  at 461 

Redlands  canal,  measurements  of 318 

Redlands  or  Bolen  tunnel,  measurements 

of 291 

Redlands  or  South  Fork  (Santa  Ana  River). 

measurements  of 290-291 

Redlands  timnel.  stream  meastirements  at.      318 
Redlands  Power  Company,  stream  measure- 
ments at  intake  of 161 

Reeder  Lake,  evaporation  at 24 

Reedley,  stream  measurements  north  of . . .      Ill 

Remamettes,  stream  measurements  at 245 

Reno,  Nev.,  evaporation  at 21-22 

rainfall  at 355 

Rhinedollar   Lake,  stream  measurements 

near 173 

Rial  to,  stream  measurements  above 141-146 

Richards,  wells  of,  stream  measurements  of.  247 
Richfield  station,  stream  measurements  at.  341 
RIncon,  stream  measurements  at  and  near.    309- 

313,314.315-316,820 

Rincon  Creek ,  measurements  of 186, 321 

RIncon  ditch,  measurements  of 244 

Rings  station,  rainfall  at 462 

RIo  Bravo  ranch,  evaporation  at 26 

stream  measurements  at 102-105 

Rio  Honda  or  Old  San  Gabriel,  measure- 
ments of 244 

Riverside,  stream  measurements  in  vicinity 

of 215- 

220,299,807-308 
Riverside   County   line,  stream   meajsnire- 

men ts  at 221 

Riverside     Mesa,     stream    measurements 

above 319 

Riverside  Narrows,  stream  measurements 

at  and  near 221, 

309,314-315,320 
Riverside  Water  Company,  lower  canal  of, 

measurements  of 307, 319, 320 

mill  flume  of,  stream  measurements  at.      319 
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Riverride  Water  Company,  mill  pump  of, 

measurements  of 319 

Rtation  of,  stream  meaioirements  at . .  21^219 

upper  canal  of,  measurements  of.  220, 807, 319 

Rirerton,  stream  measurements  at 40 

Roaring  Creek,  measurements  of 110 

Roberta  ditch,  measurements  of 315 

Robinson  Creek,  measurements  of 401 

Robertson  mill,  stream  measurements  at. . .  181 
Robinsons  Ferry,  stream  measurements  at.  339 
Rockford  bridge,  stream  measurements  at.     374 

Rodgers  well,  measurements  of 247 

Rodney  Soper  well,  measurements  of 247 

Rodriguez  ditch,  measurements  of 244 

Rogers  pumping  plant,  stream  measure- 
ments at 221 

Roubidotix  canal,  measurements  of 221 

Roubidoux  ditch,  measurements  of. .  307, 319-320 

measurements  of  Santa  Ana  River  be- 
low       306 

Rubicon  River,  measurements  near 42 

Ruddock  well,  measurements  of 246 

Rumsey,  rainfall  at 478 

stream  measurements  at 52 

Run-off,  relation  of  rainfall  to 14-20 

relations  of  rainfall  to,  diagrams  and 

tables  showing 14-17 

table  for  converting  depth  of,  in  inches, 

into  acre-feet  per  square  mile . .        15 

Rush  Creek,  measurements  of 173 

Rutht*rford  &  Co.,  well  of,  measurements 

of 247 

Sacramento,  rainfall  at 355, 458 

!!tream  measurements  at 41, 187, 199 

Sacramento  River,  flood  measurements  of .      411 

measurements  of 186-199 

rainfall  in  basin  of 17-18 

Sacramento  Slough,  measurements  of 187 

Salina  Valley  Water  Companys  Arroyo  Seco 
ditch  No.  2,  measurements  be- 
low headgate  of 203 

Salinas,  rainfall  at 442 

stream  measurements  near 200-201 

Salinas  River,  measurements  of 199-208 

tributaries  of,  measurements  of 202-208 

Salmon  Creek,  measurements  of 100-101 

Salmon  Falls,  measurements  near 40-41 

Salt  River,  Ariz.,  flood  measurements  of...  410 
Salt  Springs  Valley,  rainfall  and  run-off  in.  18-19 

stream  measurements  in 208 

San  Andreas,  stream  measurements  at 53 

San  Antonio  Canyon,  stream  measurements 

in 817 

San  Antonio  Creek,  measurements  of 206, 

209-214,339 
San  Antonio  River,  flood  measurements  of.      411 

utilizaUonof 211-212 

San  Antonio  tunnel,  stream  measurementsat  214 
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LETTER    OF    TRANSMITTAL.- 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 
Wasliingion^  D.  C,  February  18^  190S. 
^IR:  I  have  the  honor  to  transmit  herewith  the  first  number  of  a 
•ies  of  four  papers  descriptive  of  the  i*esults  of  the  hydrographic 
',asurements  made  during  the  year  1902.     These  papers  will  contain 
3  dat^i  which  heretofore  have  been  published  in  our  Water-Supply 
,X)er8  under  the  title  of  Operations  at  River  Stations,  and  in  the 
'port  of  Progress  of  Stream  Measurements,  which  report  until  1901 
wle  uj)  l^art  IV  of  the  Annual  Report.     The  data  usually  found  in 
ivt  IV  of  the  Annual  Rei)ort  were  in  1901  published  in  Water-Supply 
Ll>er  ISTo.  75.     These  papers  present  briefly  the  original  data  as  col- 
*t<Hl  by  the  various  resident  hydrographers,  together  with  the  com- 
i  tat  ions  and  results  Avhich  have  been  based  upon  these  facts. 
Tills  paper  contains  the  data  collected  at  the  stations  located  in 
at  portion  of  the  Atlantic  coast  drainage  north  of  and  including  the 
juos  River  Basin.     Part  II  will  contain  the  data  for  the  remainder 
the  stations  east  of  the  Mississippi,  and  Parts  III  and  IV  the  data 
r  t\\v,  stations  located  west  of  the  Mississippi. 
Very  respectfully, 

F.  H.  Newell, 
Hijdrographer  in  Charge. 
Hon.  Charles  I).  Walcoti', 

Directiyr  United  States  Geological  Survey. 


ROGRESS  REPORT  OF  STREAM  MEASURE 
MENTS  FOR  THE  CALENDAR  YEAR  1902. 

FA^RT   I. 


By  F.  11.  Newell. 


rNTTRODUCTIOK. 

The  determinations  of  the  water  supply  of  various  parts  of  the 
nited  States'  have  been  continued  during  the  year  1902  by  the 
division  of  Hydrography  in  a  manner  similar  to  that  of  previous 
ears,  slight  modifications  and  improvements  having  been  introduced 
I  methods  and  operations.  The  work  consists  in  measuring  the 
reams  and  estimating  the  water  supply,  both  above  and  under 
round.  To  give  full  facts  concerning  the  water  supply  it  is  neces- 
iry  not  merely  to  ascertain  the  quantity,  but  also  in  many  cases  the 
utility,  and  especially  the  possibilities  of  water  storage  or  conserva- 
on.  Water  can  not  be  considered  as  a  resource  unless  it  can  be  had 
hen  needed,  and  therefore  the  determination  of  the  practicability  of 
old  in  g  the  floods  until  time  of  drought  underlies  any  statement  of 
'  ater  supply.  In  a  similar  way  when  considering  vmderground  waters 
;  is  not  enough  to  know  that  there  is  water  beneath  the  surface,  but 
iie  facts  must  be  ascertained  as  to  the  depth  to  the  water,  the  rate 
f  movement,  if  any,  and  tlie  possibility^  of  bringing  the  water  to  the 
urface  at  reasonable  cost. 

The  i>rincipal  operation  of  the  hydrographic  surveys,  as  at  present 
OTMlucted,  is  that  of  measuring  the  waters  flowing  upon  the  surface, 
btaining  their  fluctuations  in  quantity,  and  sometimes  in  quality, 
rom  month  to  month  and  from  yenY  to  year. 

During  1902  the  number  of  stations  at  which  stream  measurements 
rere  made  was  steadily  increased.  This  is  largely  the  result  of  the 
onstiint  demand  for  the  data  collected  l)y  the  Survey.  The  requests 
or  information  have  l>een  so  great  that  the  supply  of  publications 
las  become  practically  exhausted,  necessitating  the  reprinting  in 
condensed  form  of  the  data  collected  in  various  localities. 

The  Survey  has  received  tlie  hearty  cooperation  of  various  indi- 
(^iduals,  corporations,  and  States,  as  mentioned  hereafter.  This 
cooperation  has  ma<le  possible  the  publication  of  many  valuable 
•ecords  which  could  not  otherwise  have  been  obtained. 
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A  brief  historical  sketch  of  the  stream  measurements  madebytbp 
Geological  Survey  is  published  on  pages  11  to  15  of  Water-Supp  f 
Paper  No.  75. 

The  results  of  the  stream  measurements  made  dnnng  prcTk>> 
years  by  the  United  States  (geological  Survey  can  be  fouDd  in  ±- 
f ollowing  Survey  publications,  which  may  be  consulted  at  the  pub> 
libraries  in  all  the  large  cities: 

^^-JBulletin  No.  131. 

1895.  Bulletin  No.  140. 

1896.  Water-Supply  Paper  No.  11;  Eighteenth  Annual  Report,  Part  IV. 

1897.  Water-Supply  Pax)ers  No8. 15  and  16:  Nmeteenth  Annual  Report. PirtH*. 

1898.  Water-Supply  Papers  Nos.  27  and  28;  Twentieth  Annual  Report,  Part  IT 

1899.  Water-Supply  Papers  Nos.  35  to  39,  inclusive;  Twenty-first  AnmalBepor 
PartlV. 

1900.  Water-Supply  Papers  Nos.  47  to  52,  inclusive;  Twenty-second  ^ssz* 
Report,  Part  IV. 

1901.  Water-Supply  Papers  Nos.  65, 66,  and  75. 

1902.  Water-Supply  Papers  Nos.  82  to  85,  inclusive. 

ACK]S^OWIiKl>GMEl«rrS. 

Most  of  the  measurements  presented  in  this  paper  have  \^' 
obtained  through  local  hydrographers.  Acknowledgment  is  dot  i' 
each  of  these  persons,  and  thanks  are  extended  to  other  persons  ar 
corporations  who  have  assisted  local  hydrographers  or  have  coop"-^ 
ated  in  any  way,  either  by  furnishing  records  of  the  height  of  v./ • 
or  by  assisting  in  transportation. 

The  following  list,  arranged  geographically  by  States,  giv*-*  '\-- 
names  of  the  ivsident  hydrographers  and  others  who  have  asaistrtl  in 
furnishing  and  preparing  the  data  contained  in  this  report: 

Maine. — Resident  hydrographer,  N.  C.  Grover,  professor  of  civil  engin^rz: 
University  of  Maine,  Orono,  Me.,  assisted  by  F.  E.  Pressey.  Aclmowled^'- 
should  also  be  made  to  the  Bangor  and  Aroostook  Railroad  and  to  the  Se' 
set  Railroad,  for  annual  passes  issued  to  N.  C.  Grover;  to  the  Maine  Gs~ 
Railroad,  for  a  pass  between  April  1  and  October  1;  to  the  Portland  and  R^ 
ford  Falls  Railroad,  for  trip  passes  issued  when  desired.  Thanks  are  dne  th^  •'  > 
lowing  individuals  and  corporations  for  data  furnished  and  assistance  r^' 
A.  C.  Mixer,  engineer  of  the  Rumford  Falls  Power  Ck)mpany,  for  records 
of  the  Androscoggin  at  Rumford  Falls;  Messrs.  S.  D.  Warren  &  Co.,  of  V-*' 
brook,  Me. ,  for  records  of  the  flow  of  the  Presumpscot;  Alexander  H.  Twcan^ 
engineer  of  the  Forest  Paper  Company,  of  Yarmouthyille,  Me.,  for  records  of 
flow  of  the  CobboBseecontee;  Hollingsworth  and  Whitney  Company,  of  Win?- 
Me.,  for  records  from  which  the  flow  of  the  Kennebec  at  Waterville  hM  ^' 
computed;  and  H.  S.  Ferguson,  engineer  of  the  Great  Northern  Paper  dm]^^ 
of  Millinocket,  Me.,  for  records  from  which  the  flow  of  the  Penohsoot  at  IC^ 
nocket  has  been  computed. 

New  Hampshire. — C.  A.  Holden,  professor  of  civil  engineering,  Thayer  Sfl^* 
Hanover,  N.  H. ,  for  measurements  of  the  Connecticut  River  at  Orford,  K.  H. 

Mas8achu8ett8.-^FTedeTic  P.  Steams,  chief  engineer,  and  C.  W.  Sherman,  tr 
fiion  engineer  of  the  Metropolitan  Water  Board  of  Boston,  for  reooids  of  thefc* 
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Sudlniry  and  Nashna  rivers  and  of  Lake  Cochitnate;  E.  A.  Hale,  principal 
•ist^azit;  engineer,  Essex  County,  for  records  of  the  flow  of  Merrimac  River  at 
'wrrencse.  If  ass.,  and  Capt.  Harry  Taylor,  U.  S.  Army,  Boston,  Mass. 
'  ^o^i'n^cticut. — Edwin  D.  Graves,  chief  engineer  Connecticut  River  Bridge  and 
g'li^^ay  I>i8trict,  for  the  gage  heights  of  Connecticut  River  near  Hartford,  Conn. , 
[1  G^^eefn"wich  Water  Company  of  Greenwich,  Conn. 

F?/i  €M:i^  Island, — John  E.  Hill,  professor  of  civil  engineering  at  Brown  Univer- 
y,  I^rovidence,  B.  I,,  for  records  of  the  flow  of  Blackstone  River  and  canal  at 
rkeley,  R.  I. 

W^itf  Y'tyrlc, — Resident  hydrographer,  Robt.  E.  Horton,  assisted  by  C.  C.  Covert 
(1  F.  ^.  Tillinghast.  Special  acknowledgment  is  made  to  Edward  A.  Bond, 
E^to  engineer  and  surveyor,  for  his  hearty  cooperation  and  assistance  in  the 
>i-1c.  Tliaiiks  are  due  the  following  persons  for  data  furnished  and  assistance 
adere^i :  "Wm.  S.  Bacot,  engineer  and  general  manager  of  the  Consolidated  Water 
>mX>an.y,  Utica,  N.  Y.;  Stephen  E.  Babcock,  C.  E.,  Little  Falls,  N.  Y.;  City 
»ter  I>epartment,  Oswego,  N.  Y.;  Frank  E.  Hinds,  C.  E.,  Watertown,  N.  Y.; 
in.  Gf-  Raymond,  C.  E.,  Troy,  N.  Y.;  Hannawa  Falls  Water  Power  Company, 
HaTixi^'wa  Falls,  N.  Y. ;  Utica  Gas  and  Electric  Company,  Utica,  N.  Y. ;  Inter- 
ktional  Pajier  Company,  Fort  Edwards,  N.  Y.;  Duncan  Company,  Mechanic- 
lie,  IT-  Y.;  Honk  Fall  Power  Company,  Ellensville,  N.  Y.;  Fishkill  and 
attea-wan  Water  Company,  Fisiikill  on  the  Hudson,  N.  Y.;  Binghamton  Rail- 
ay  Company,  Binghamton,  N.  Y.;  S.  E.  Moore,  C.  E.,  Binghamton,  N.  Y.;  O.  C. 
ree<l,  C  E.,  Fulton,  N.  Y.;  and  E.  A.  Fisher,  C.  E.,  Rochester.  N.  Y. 
^\*^ta  J'^rrsey, — Resident  hydrographers,  G.  B.  Hollister  and  E.  G.  Paul. 
r*en  fi^fi/tvania, — Resident  hydrographer,  E.  G.  Paul.  Thanks  are  due  to  the 
•llo'W^n^  persons,  who  have  rendered  assistance  and  furnished  data:  Mansfield 
\*TriTrkSLn,  professor  of  civil  engineering  at  Lehigh  University,  South  Bethlehem, 
a. ;  E.  Jtfather,  president  of  the  Harrisburg  water  commissifm,  Harrisburg,  Pa.; 
yixTL  E-  Codman,  hydrographer  for  the  city  water  board,  Philadelphia,  Pa.;  and 

^.  Snyder,  city  engineer,  Williamsport,  Pa. 
JVfctr^l<it^<^' — Resident  hydrographer,  E.  G.  Paul. 

VirQTTtia  and  West  Virginia, — Resident  hydrographers,  E.  G.  Paul  and  D.  C. 
-,3jiij>lxi-eys,  professor  of  civil  engineering  at  Wiishington  and  Lee  University, 
exin^^ton,  Va, 

A^ekinowledgments  are  also  duo  to  John  V,  lloyt,  Georgo  L.  Warner, 
^^^\  II.  G.  Stokes  for  eomputations  on  and  the  arrangement  of  the 
a^tiv  in  t^is  report;  also  to  II.  A.  Pressey  for  assistance  in  both  field 
ixa  offlLce. 

WATKR  POWKRS  IN  MAINE. 

Th.e  rivers  of  the  State  of  Maine  furnish  some  of  the  best  water- 
►o^'er  sites  in  the  United  States.  The  large  rivei-s  have  their  sources 
ri  general  at  high  elevations  among  the  mountains  and  hills  of  the 
central  and  northern  part  of  the  State.  Their  fall  is  rapid,  with 
requeiit  vertical  drops  over  granite  ledges.  Building  stone  is  abun- 
Laiit>  in  nearly  all  the  drainage  basins.  The  rocky  beds  furnish 
>xcell©i^^  foundations  for  dams  and  miUs,  and  the  excellent  harbors 
klon^  the  coast,  together  with  the  railroad  lines  following  the  lower 
of  the  streams,  give  for  a  large  part  of  the  State  excellent 
sx>ortation  facilities.  The  extensive  lake  areas,  aggregating  2,300 
gouAxe   mileS)  furnish  natural  reservoirs  for  the  storage  of  storm 
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waters  that  could  not  be  equaled  tlirouirliout  the  United  States,  k 
addition  to  the  lakes,  the  extensive  forests  covering  the  greater  f«ar 
of  the  State  and  the  gravelly  and  porous  soil  t<*nd  to  make  the  flow.  ^ 
the  Maine  rivers  remarkably  uniform. 

During  the  summer  of  1901  the  United  States  Greological  Snnv. 
commenced  the  hydrographic  study  of  the  State  of  Maine.  Prior  k 
that  time  records  of  flow  from  a  few  of  the  main  rivers  had  t*t 
furnished  by  engineers  and  manufacturing  companies  nod  publish^' 
in  the  reports  of  the  Survey.  It  is  hoped  that  these  records  may^-^ 
continued  and  that  the  investigations  may  be  extended,  so  that  ♦l*^-^ 
nite  information  may  be  obtained  of  the  flow,  fall,  and  the  ya^M- 
ties  of  increased  storage  on  all  of  the  larger  streams  of  the  Stat*'. 

In  the  following  pages  the  records  of  flow  for  the  year  V>^  ai^ 
published  for  all  stations  for  which  such  fijirures  are  a\'ailablf.  I: 
addition  to  these,  gage  heights  are  given  at  a  numl)er  of  thf  n*^' 
stations  established  by  the  Survey,  with  the  results  of  i^iirrem-mHr: 
measurements  made  from  time  to  time.  As  soon  as  these  jJiali"> 
have  been  continued  for  a  sufficient  period  to  pei-mit  of  the  constn 
tion  of  rating  curves  for  the  stations,  the  recoi-ds  of  flow  for  each  'U: 
of  the  year  will  be  published. 

Twelve  gaging  stations  are  now  being  maintained  by  the  Geolccu- 
Survey  in  the  State  of  Maine.     These  stations  are  under  the  chir: 
of  N.  C.  Grover,  professor  of  civil  engineering,  University  of  Maii^ 
assisted  by  F.  E.  Pressey.     The  stations  are  located  as  foDow>:f' 
the  Androscoggin  River  at  Dixfleld;  on  the  Kennebec  River  at": 
Forks  and  North  Anson ;  on  the  Carrabjissett  River  near  North  Aif 
on  the  Dead  River  near  The  Forks;  on  the  Moose  River  near  R'«< 
wood;  on  the  Roach  River  at  Roach  River;  on  the  East  Braocli 
the  Penobscot  at  Grindstone;  on  the  Penoliscot  at  Montague;  om'X- 
Mattawamkeag  at  Mattawamkeag;  on  the  Piscataquis  at  Low's  bri* - 
between  Foxcroft  and  Guilford ;  and  on  the  St.  Croix  at  SpraguesFa  - 

Aside  from  the  records  at  these  stations,  records  ai-e  als<»  nnti.^ 
from  various  engincH^rs,  as  noted  in  the  following  pages. 

A  full  description  of  the  drainage  areas  of  the  Maine  rivers  wii;  • 
found  in  Wat^r-Supply  and  Irrigation  Paper  No.  09,  and  n^-i*T\\> 
flow  for  past  years  will  \h>  found  in  the  same  paper. 

ST.  CROIX  RIYER  DRAINAGE  BASIN. 

St.  Croix  River  is  formed  by  two  branches,  known  as  the  Upp^^  ^ 
Croix  or  Chiputneticook  River,  the  outlet  of  the  Schoodic  Lakes  ^ 
Kennebasis  River,  the  outlet  of  the  western  lakes  of  the  area,  l^n^' 
as  the  Kennebasis  Lakes.  The  Upper  St.  Croix,  with  its  trihuM' 
lakes,  forms  nearly  half  of  the  eastern  boundary  of  Maine,  separa. ' 
that  State  from  Now  Brunswick.  The  total  drainage  area  of  ' 
main  stream  is  about  1,630  square  miles,  of  which  960  square  mi  * 
are  tributary  to  the  great  reservoir  systems  controlled  by  dams » 
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:iiicelK>ro  and  Princeton.  The  length  of  the  stream  from  the  head- 
it  oi-h  to  the  moutli  is  100  miles.  The  basin  is,  in  general,  lower 
an  tlia.t  of  any  of  the  larger  streams  of  the  State  flowing  into  the 
Lhiiitie,  its  headwaters  having  an  elevation  of  about  540  feet.     Tlie 

II  from  Chiputnetieook  Lake  (the  lower  of  the  Sehoodic  Lakes)  to 
le  wa.tei-,  a  distance  of  54  miles,  is,  however,  382  feet,  or  7  feet  to  the 
lie,  Riid   there  are  a  number  of  places  where  falls  and  rapids  occur 

>vliicli  ^water  power  has  been  or  can  easily  be  developed. 
The  la^kie  system  of  the  St.  Croix  is  the  largest  in  the  State  in  pro- 
»riioii  to  the  drainage  basin,  jexcept  that  of  the  Presumpscot,  and 
>  tlie  lakes  act  as  a  regulator  of  flow  and  can  easily  be  improved  for 
eat-er  duty,  St.  Croix  River  may  be  considered  one  of  the  best  water- 
)\ver  streams  on  the  Atlantic  coast.  The  lake  system  of  the  Upper 
,.   Croix   comprises  approximately  50  scxuare  miles  of  lake  surface, 

III  that  of  the  West  Branch  70  square  miles,  considering  only  the 
•i  lie i pal  lakes  and  ponds.  Indeed,  above  V^ancel)oro  and  Princeton 
u*h  branch  of  the  river  is  simply  a  succession  of  lakes  to  almost  the 
wtroiiie  headwaters.  Wells  estimated  the  t/otal  lake  surface  of  the 
..  Croix  as  not  less  than  150  square  miles,  or  nearly  one- tenth  of 
le  total  drainage  area.  The  drainage  area  at  various  points  on  the 
ver  is  j^iven  in  the  following  table: 

^  Drainage  arext  of  St.  Croix  River. 

aiii  river:  Sq.  miles. 

Vanceboro  dam,  foot  of  the  Sehoodic  Lakes 420 

Little  Falls _ ' 500 

Immediately  above  month  of  West  Branch _ C90 

Immediately  below  mouth  of  West  Branch _.. 1, 360 

Spragues Falls .     -. 1,390 

Calais,  lower  dam ^-  _  _ 1 ,  530 

Montli  of  river,  eastern  border  of  town  of  Calais .  _ 1, 630 

reat  Branch: 

Princeton  dam - 500 

CJonflnence  with  main  river  _ 670 

A  lai*^©  proportion  of  the  drainage  basin  is  still  covered  with  tim- 
er an<l  above  Vanceboro  and  Princeton  the  region  is  for  the  most 
art  'Wild  and  inaccessible,  being  visited  only  by  lumbermen  and 
[>oi'tsiii«n.  The  greater  part  of  the  timber  in  this  region  is  controlled 
y  s^iwmill  owners  at  Calais  and  St.  Stephen.  In  1898  the  amount 
f  luinl^er  sawed  annually  had  fallen  from  about  100,000,000  feet  to 
5  000,000  feet,  and  since  then  the  number  of  sawmills  has  been 
reatly  reduced.  In  1901  the  lumber  sawed  amounted  to  28,000,000 
Bet  allowing  that  the  rate  of  cutting  has  remained  nearly  constant 
iiring  the  last  few  years.  There  are  on  this  stream  favorable  loca- 
ions  for  paper  and  pulp  mills,  but  arrangements  would  have  to  be 
[ia<le  with  the  sawmill  owners  in  order  to  obtain  a  sxipply  of  timber. 

Tlie  river  is  navigable  as  far  as  Calais,  except  during  two  months 
►£  the  y©ar>  when  it  is  frozen.     Calais  has  railroad  connection  with 
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Bangor  <iire(»tly  over  the  Washin^on  County  Railroad,  and,  by  w 
of  Vanceboro,  over  the  Canadian  Pacific  and  the  Maine  Central  ail- 
roads.  There  is  also  a  short  road  connecting  Princeton  with  Cabi- 
Above  Princeton  the  transportation  facilities  are  poor.  Caki>. 
Princeton,  and  Vanceboro,  in  Maine,  and  St.  Stephen,  in  N^t 
Brunswick,  are  towns  with  populations  of  from  1,000  to  10,000,  to  > 
engaged  in  the  manufacture  of  lumber. 

ST.  CROIX  RIVER  AT  SPRAGUES  FALLS,   NEAR  BARING,  ME. 

This  station  was  established  De<jember  4,  1902,  by  F.  E.  Pr«gpy 
The  drainage  area  at  this  point  is  1,390  square  miles.    The  nsnalf'T» 
of  wire  gage  is  att^iched  to  the  lower  guard  timber  of  the  W»hiii^'< 
County  Raili*oad  Bridge.     It  is  referenced  by  a  bench  mark  on  t> 
down-stream  corner  of  bridge  seat  on  right  abutment;  elevationl/ 
feet  above  zero  of  gage.     The  gage  is  read  daily  by  Simeon  Phioi-. 
section  foreman  on  the  Washington  County  Railroad,  who  reside '^ 
Baring,  Me.    The  measurements  of  flow  are  made  from  a  car  sospectk 
on  a  steel  cable,  which  is  stretched  over  the  river  about,  one-half  s.- 
above  the  bridge.     The  channel  is  straight  100  feet  above  and  I  ■ 
feet  below  the  cable.     The  banks  are  high  ;ind  rocky,  and  the  l^^l  > 
rocky.     The  station  is  best  reached  by  carriage  from  Calais  M^ 
because  trains  run  so  infrequently  on  this  branch  of  the  Washioy' 
Countv  Railroad. 

Daily  gage  height,  in  feet,  of  St,  Croix  River,  at  Spragwes  FaUi.nforBanh'j.  <•- 

for  DecemJber,  190:^. 


Day. 

Doc. 

4 

6.9 
7.1 
7.2 
7.4 

5 

6 

7 

8 

7.8 

9 

8.0 
8.3 

10.., 

Day. 


11. 
12. 
13. 
14. 
15. 
16. 
17. 


Dec. 


8.4 
8.6 
8.7 
9.0 
9.7 
9.7 
8.5 


Day. 


18. 
19. 
20. 
21. 
22. 
I  23. 
24. 


PENOBSCOT  RIVER  DRAINAGE  BASIN. 

The  Penobscot  has  the  largest  drainage  basin  of  all  the  nvt'^ 
Maine,  comprising  about  8,500  square  miles,  or  more  thanone-qwy 
of  the  entire  State.     Its  gi-eatest  length  from  north  to  south  i^^ 
miles,  its  greatest  width  115  miles,  all  within  the  State.    Eig^^  '"^ 
dred  square  miles  of  the  basin  discharge  their  waters  into  thei''* 
river  below  its  lowest  water  power  at  Bangor. 

The  basin  is  at  a  lower  elevation  above  the  sea  than  the  \^^^ 
the  Kennebec  and  the  Androscoggin,  as  would  be  expected  (rot 
general  southeasterly  slope  of  the  country  toward  the  Atlantic  0^^ 
The  northern  portion,  however,  is  rather  elevated,  having  a  ^^ 
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?ijrht  of  about  1,000  feet.  The  highest  portion  of  the  basin  is  at  the 
?ad waters  of  the  main  river,  where  the  elevation  is  from  1,600  to 
:)00  feet. 

Taken  as  a  whole,  the  basin  is  rather  uniform  in  its  topographic 
atures.  Hills  and  low  mountains  stretch  from  near  the  sea  to  above 
ingor;  farther  north  is  an  undulating  plain,  while  to  the  west 
o  surface  becomes  more  broken  and  greatly  diversified  by  hills, 
!tached  peaks,  lakes,  ponds,  and  swamps.  At  the  south  the  basin 
erges  into  that  of  the  Kennebec,  and  at  the  north  into  that  of  the 
lleguash,  tierminating  on  the  northwest,  at  the  boundaries  of  the 
ate,  in  a  highland  region  intermingled  with  swamps  and  lagoons, 
e  latter  furnishing  water  to  the  Penobscot  and  the  St.  John.  A 
rge  part  of  the  basin  is  what  is  known  as  "wild  land," being  heav- 
r  timbered  and  known  only  to  the  lumberman  and  the  sportsman. 
3w  regions  in  the  country  are  more  delightful  to  the  lover  of  nature 
an  the  forests,  the  lakes,  and  the  mountains  on  the  headwaters  of 
e  l^enobscot.  From  Mount  Katahdin,  the  highest  mountain  of  the 
ate,  a  view  can  be  obtained  in  all  directions,  overlooking  the  exten- 
ve  plain  and  showing  vast  stretches  of  forests  dotted  here  and  there 
ith  lakes. 

Over  the  upper  jK)rtion-of  the  basin  slate  is  the  principal  surface 
ck,  being  succeeded  to  the  east  and  south  by  schists,  gneiss,  and 
anite;  the  soil  is  mainly  gi*avel,  clay,  and  loam. 
The  drainage  areas  of  the  river  and  its  chief  tributaries  are  given 
the  following  table: 

Drainage  areas  of  Penobscot  RiiH*r  and  princijxil  tributaries.^ 


Blver. 


^nobscot  - 


Do. 
Do 
Do 
Do. 

Do 

Do 

Do. 
Do 
Do 


Locality. 


OpiKwite  northwest  extremity  of  Moosehead 
Lake,  township  of  Seboomook,  immedi- 
ately below  month  of  Nnlhedus  Creek. 

Entrance  into  Chesnncook  Lake 

Outlet  of  Chesnncook  Lake 

Millinocket,  outlet  of  Twin  Lakes 

Immediately  below  mouth  of  east  branch 
of  Penobscot. « 

Immediately  below  mouth  of  Mattawam- 
keag.« 

Montague,  immediately  lielow  mouth  of 
Piscataquis. « 

Sunk  Haze  Rips^ 

Old  Town,  above  mouth  of  Pushaw  River  «. 

Bangor,  above  mouth  of  Kenduskeag  River  « 
alncladee  Cbamberl&in  Lake  Basin  (270  sqoaro  miles). 


Dniinage 
area. 


Sqwire  miles. 
510 


850 
1,450 
1,880 
3,260 

4,940 

6,630 

7,260 
7,340 
7,720 
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I>rainage  areas  of  Penobscot  River  and  principal  tributaries— Con^i^i. 


River. 


Locality. 


ar-a. 


Penobscot Month  « s  '»• 

Canquomogomoc Entrance  into  Chesnncook  Lake 

East  branch  of  Penob-     Grindstone « '  U^ 

scot.  : 

Do.... Month«. '  i:- 

Mattawanikeag Immediately  below  ontlet  of  Raskahegan  '  * 

Lake.  i 

Do Month .._ j 

Piscatatinis- i  Low's  bridge > 

Do _   (Dover - 

Do I  Month I  1" 

Passadnmkeag do '  ^' 


« Includes  Chamberlain  Lake  basin  (270  scinaru  miles). 

The  river  naturally  has  a  comparatively  uniform  flow  thnnigti  •: 
the  year,  wliicli  is  due  to  the  extent  of  the  tribut^iry  area,  its  ex:*- 
sive  system  of  lakes,  the  vast  breadth  of  forests  ui)on  iisdrainair*-*- 
faces,  and  the  more  uniform  surface  of  the  basin,  in  which  parti'.n  •' 
it  has  decided  advantage  over  the  Saco,  the  Androscoggin,  «wl  :^' 
Kennebec. 

PENOBSCOT  RIVER  AT  MONTAGUE,  ME. 

A  piginj^  station  was  established  by  N.  C.  Grover  at  Monuu'n-' 
November  5,  1901.     The  station  is  located   at  the  highway  bri:- 
across  the  Penobscot,  about  1,000  feet  below  the  mouth  of  the  Pi-*«' 
aquis  River.     The  drainage  area  at  this  point  is  (>,l>30  square  m  -* 
of  which  270  square  miles  is  the  area  of  Chamberlain  I^ke,  wb' 
flows  into  the  Penobscot  only  part  of  the  year.     The  measarea^' ' 
are  made  from  the  bridge.     A  wire  gage  of  the  usual  type  is  fastt'  • 
to  the  guard  timber  on  the  upper  side  of  the  bridge.     It  is  gnuina - 
to  feet  and  tenths  and  is  referred  to  a  bench  mark,  the  top  of  ^ 
northwest  corner  of  second  course  I)elow  bridge  seat,  easterly  a' ' 
ment,  the  elevation  being  25.78  feet  above  zero  of  the  gage,   i 
initial  point  of  soundings  is  at  the  extreme  end  of  the  inclined  ^n^V^ 
on  upstream  side  of  bridge.     The  channel  is  straight  for  l/*"' >^ 
above  and  3,000  feet  below  the  station,  and  the  carrent  is  swift  '^' 
banks  are  high  and  rocky,  and  the  bed  rocky,  with  some  gravel.   • 
gage  is  read  twice  daily — 7  a.  m.  and  5  p.  m, — by  A.  H.  Haii>**'- 
merchant  in  Montague. 
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Discharge  measurements  of  Penobscot  River  at  Montague,  Me. 


Date. 

Hydro^frapher. 

Gaare 

helijfht. 

Discharge. 

1901. 
/ember  5 

F.E.Pressey 

Feet, 
2.00 

12.90 
11.00 
5.30 
4.00 
4.10 
3.95 

Second-feet. 
8,034 

57,427 

43,937 

11,271 

7,575 

7,778 

7,446 

1902. 
r(h28 

do 

ril8 

do 

y  15_ 

N.  C.  Grover 

cmst  28 

P.  E.  Presaev 

)tember  15 '          do    . 

tolwr  11 

R.  M.  Connor  _ 

Daily  gage  height,  in  feet ,  of  Penobscot  River  at  Montague,  Me, 


Day. 


1902. 


L 


5.30 
4.05 
4.45 
4.60 
4.40 
4.20 
4.15 
3.70 
3.75 
3.60 
3.10 
3.00 
3.00 
2.95 
2.80 
2.70 
2.55 
2.30 
2.55 
2.30 
2.65 
2.70 
3.90 
6.30 
6.&5 
5.65 
5.85 
6.20 
6.36 
5.65 
5.75 


5.15 
5.15 
5.% 
5.20 
5.05 
5.00 
4.90 
4.80 
(«) 


Mar. 


(-) 


12.80 
12.80 
14.55 
15.10 


Apr. 


May. 


14. 
14. 
13. 
12. 
12. 
11. 
11. 
10. 
10. 
10. 
11. 
11. 
11. 
10. 
10. 
10. 
10. 
10. 

9. 

8. 

8. 

9. 

9. 

8. 

9. 

9. 

9. 

9. 

9. 

9. 


05 
45 
90 
85 
50 
15 
96 
75 
90 
15 
25 
15 
80 
45 
40 
25 
06 
55 
75 
85 
10 
00 
90 
00 
10 
15 
35 
35 
30 


June.  July. 


9.30 
10.75 
10.30 
10.05 
9.80 
9.00 
9.60  ! 
9.40 
9.30 
9.10 
8.76 
8.40 
8.10 
7.70 
7.35 
7.00 
6.70 
6.70 
6.60 
6.36 
6.06 
6.25 
6.45 
6.80 
6.80 
6.95 
6.85 
6.80 
7.10 
7.06 
6.70 


6.35 

6.20 

6.25 

7.55 

9.30 

10.15 

10.25 

10.10 

13.00 

12.30 

11.55 

11.00 

10.50 

10.10 

9.70 

9.15 

8.60 

8.15 

7.75 

7.15 

6.50 

6.45 

7.70 

7.60 

7.25 

7.20 

9.55 

9.85 

8.65 

8.06 


7.60 
7.60 
7.55 
7.60 
7.60 
7.16 
6.75 
6.30 
6.25 
6.06 
5.80 
5.26 
5.40 
6.15 
5.30 
4.80 
4.90 
4.96 
5.10 
5.25 
5.90 
6.10 
5.86 
4.96 
4.70 
4.80 
4.66 
5.05 
5.86 
5.90 
5.80 


Aug. 


Sept. 


5.45 

5.35 

5.15 

5.00 

5.25 

5.20 

5.10 

6.20 

5.30 

5.15 

5.00 

5.40 

6.26 

6.45 

6.60 

5.00 

5.16 

6.00 

5.40 

6.26  ! 

5.95  \ 

6.00 

5.00  I 

4.35 

3.60 

3.70 

3.96 

4.00  ! 

3.70  ' 

3.46 

2.95 


2.36 
2.96 
3.10 
3.45 
3.80 
3.20 
3.15 
2.90 
2.45 
3.10 
3.66 
3.86 
3.65 
3.75 
4.00 
8.85 
3.70 
3.60 
3.60 
3.35 
3.36 
8.40 
3.36 
8.80 
8.25 
3.20 
3.10 
2.95 
2,80 
2.96 


Oct. 


8.10 
3.20 
3.06 
3.05 
2.96 
2.76 
8.80 
3.90 
4.16 
4.05 
8.86 
3.80 
a26 
8.05 
3.80 
3.16 
3.20 
3.15 
8.00 
2.96 
3.60 
4.10 
3.90 
3.50 
8.26 
3.05 
3.05 
8.90 
7.90 
8.20 
7.60 


Nov. 


7.00 
6.10 
5.40 
5.16 
5.26 
6.00 
4.55 
4.36 
4.15 
8.90 
4.05 
4.10 
4.15 
4.20 
4.80 
4.40 
4.26 
4.80 
4.45 
4.40 
4.30 
4.30 
4.80 
4.05 
4.05 
4.26 
4.00 
4.06 
4.06 
4.40 


XJ^G^ 


4.80 
4.25 
3.90 
3.66 
8.90 
8.80 
3.70 
5.00 
(«) 


a  Frozen  February  5  to  March  27  and  December  9  to  81. 
IRR  82—03 2 
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STREAM   MEASUREHEKTS   IK   19Q2,  PABT   I. 
Rating  table  for  Penobscot  River  at  Montague,  Me,,  for  K*02. 


'50.  e 


Gage 
height. 

1 

Discharge. 

Gagvi 
height. 

Discharge. 

Gage 
height. 

Kvet. 

Discharge. 

Gage 
<   hei^it. 

!      Fret, 

Diarbwr- 

Ffvt. 

1 
Sr<fmd-/eei. 

8econd-/eet.\^ 

Second-feet. 

jSttrwd-'-  * 

2.0 

3, 034 

5.4 

11,715     1 

8.8 

28,206 

,     12.2 

52, 5r. 

•>  o 

3,502 

5.6 

12,399     ' 

9.0 

29,605 

,      13.4 

W.TA' 

2.4 

3, 970 

5.8 

13,015     1 

9.2 

31,035 

'     12.6 

•w.  IC 

2.6 

4,4;i8 

6.0 

13,763     ' 

9.4 

32,445 

12.  >^ 

56.  >  • 

2.S 

4.906 

6.2 

m 

14,543     , 

9.6 

33,865 

13.0 

.>.i»i' 

3.0 

5, 374 

6.4 

15,355     1 

9.8 

35,285 

,.     13.2 

59.45 

3.2 

5, 842 

6.6 

16,199 

10.0 

36,  705 

13.4 

&><'• 

3.4 

6,310 

6.8 

17,075 

10.2 

:J8, 125 

13.6 

62.^- 

3.6  • 

6,778 

7.0 

17,985     . 

10.4 

39,545 

13.8 

1 

63. 6>- 

3.8 

7, 246 

7.2 

18,925 

10.6 

40,965 

14.0 

6.1. 1'l' 

4.0 

7,714 

7.4 

19, 897 

10.8 

42,385 

14.2 

6«.:c- 

4.2 

8. 193 

1 

7.6 

20, 901     ' 

11.0    1 

43,805 

14.4 

'  ^:,^- 

4.4 

8, 701     \ 

7.8 

21,940     . 

11.2 

45,225 

14.6 

©.-•ST. 

4.6 

9, 241 

8.0 

23, 050 

11.4 

46,645 

14.8 

TILX 

4.8 

9, 813 

8.2 

24,240 

11.6 

48.065 

15.0 

'    T?.---"* 

5.0 

10,417 

8.4 

1     25,510 

11,8 

49, 485. 

1 

5.2 

■     11,053 

1 

8.6 

26,842     1 

1 
1 

12.0 

50,905 

1 

Estinutted  monthly  diacharge  of  Penoliscot  Rit\^r  at  Montague,  Jf«^. 

[Drainage  area,  6,680  square  miles.] 


Honth. 


1901. 

No veml)er  5  to  30 

December 

1902. 
January _ .  - 

February  1  to  8  '^ 

March  28  to  31  '> 

April 

May  - __- 

June 

July 

August 

September 

October 

November 

Decemlx>r  1  to  8  '^ 

"  Partial  month. 


Discharge  in  secnnd-feet. 


BudhI 


M^-rimtiTn 


68,655 
16,415 


69,365 
42, 030 
53, 035 
20, 901 
16,199 
7,714 
24,240 
17,985 


Minimuzn. 


3,034 
3,736 


27,862 
13,955 
14,543 
9,103 
5,257 
3,853 
4,789 
7,480 


Mean. 


«  3,466 
14,583 

8,354 

« 10.  662 

«  63,  774 

40,862 

23,694 

29,024 

13, 737 

10,788 

6,037 


7,787  i 
9,149 


, -         «7,882  ! 

*»  River  frozen  tor  remainder  of  the 


Second- 
feet  per 
eqaan; 
mile. 


«0.52 

2.20 

1.26 

a  1.61 

«9.62 

6.16 

3.57 

4.38 

2,07 

1.63 

0.91 

1.17 

1.38 

"1.19 


I*? 


>«^*     ^ 


r    ' 


mouth. 


EWSLL. 


PENOBSCOT   BIVER   DRAINAGE   BASIN. 


19 


PENOBSCOT  RIVER  AT  MILLINOCKET,  MB. 

The  discharge  of  the  Penobscot  at  Millinocket  since  January  11, 
)01,  has  been  comi)uted  from  data  furnished  by  H.  S.  Ferguson, 
igiueer  for  the  Great  Northern  Pax)er  Company.  These  results  were 
jtained  by  adding  to  the  flow  through  the  wheels  the  flow  over  the 
un.  The  wheels  were  rated  at  Holyoke,  Mass.,  before  being  placed 
I  position.  As  the  head  under  which  they  work,  averaging  about 
()  feet,  is  much  greater  than  the  head  under  which  they  were  tested, 
jveral  tube  float  measurements  of  the  flow  in  the  canal  leading  to 
le  mill  have  been  made  by  Mr.  Ferguson  in  order  to  determine  just 
)w  much  water  the  mill  uses  under  diiferent  conditions  of  gate  open- 
igs.  By  means  of  these  measurements  it  is  believed  that  a  very  good 
;timate  has  been  made  of  the  flow  through  the  wheels.  The  dam  is 
'  concrete,  resting  on  ledge,  and  does  not  leak.  The  flow  over  it  was 
)mputed  by  use  of  the  formula  Q=c  b  Hi,  in  which  c  is  a  variable 
)eflricient  obtained  from  a  study  of  the  results  of  experiments  made 
y  George  W.  liafter  at  the  Cornell  testing  flume. 
The  area  of  the  drainage  basin  at  Millinocket  is  1,880  square  miles, 
he  following  tables  give  the  record  of  flow  for  the  yeai-s  1901  and  1902 : 
Mean  daily  flow  ^  in  second-feet,  of  Penobscot  River  at  Millinocket,  Me, 


Day. 


1901. 


Jan. 


1,310 
960 
1,200 
1,500 
l,4dO 
1,310 
l,aBO 
1,490 
1,450 
1,390 
1.500 
1,780 
1,000 
1,700 
1,410 
2,0fi0 
U560 
1,580 
1,3W) 
1,170 
1,600 


Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aiig. 
1,800 

Sept. 

Oct. 

Nov. 

Dec 

1,580 

1,740 

1,710 

20,220 

2,  .580 

2,580 

2,310 

2,000 

760 

410 

1,670 

1,510 

1,370 

19,360 

2,680 

2,490 

1,980 

3,600 

1,960 

690 

470 

2,250 

1,450 

1,680 

18,090 

2,760 

3,680 

1,690 

3,280 

1,960 

570 

470 

1,410 

1,680 

2,000 

17.240 

2,440 

3,310 

2,830 

2,130 

1,960 

710 

460 

1,840 

l,ff« 

1,920 

16,280 

2,550 

1,540 

1,760 

1,940 

1,540 

760 

450 

i,6:x) 

1,510 

2,180 

15,0:30 

2,430 

1,930 

2,000 

1,990 

1,740 

700 

440 

1,210 

1,410 

2,800 

14,000 

2,560 

2,420 

1,910 

1,810 

1,990 

510 

490 

1,660 

1,300 

3.210 

9,240 

2,680 

2,710 

2,850 

3,750 

1,940 

490 

420 

1,910 

i,ieiO 

4,890 

6,130 

2,540 

2,890 

3,960 

3,110 

1,960 

330 

860 

1,480 

1,470 

4,420 

5,280 

2,770 

2,600 

3,990 

1,940 

1,950 

1,090 

840 

1,050  1  l,a«)  ,  5,430 

8,410 

2,770 

2,450 

6,500 

1,880 

1,600 

1,020 

850 

1,740     1,510 

6.030 

2,740 

2,480 

2,630 

6,440 

1,970 

1,240 

760 

460 

2,360     1,510 

5,1»20 

2,790 

2,780 

3,450 

2,090 

1,940 

980 

690 

450 

1,880     1,720 

0,400 

2,98f) 

2,960 

2,890 

1,940 

1,820 

1,530 

1,290 

470 

1,860 

1,510 

8,610 

3,130 

8,200 

6,790 

2,060 

3,860 

1,320 

700 

780 

2,000 

2,090 

8,880 

3,320 

3,370 

3,820 

2,200 

3,880 

1,250 

750 

1,780 

l,2JiO     1,450 

9,8<5() 

4,130 

3,370 

4,010 

1,980 

1,950 

1,130 

380 

1,520 

1,650  1  1.610 

12,390 

3,8:« 

2,350 

3.. 520 

2,910 

3,010 

1,470 

790 

1,590 

1,440  '  1,770 

12,820 

4.650 

2,240 

7,600 

2,180 

3,980 

1,650 

720 

1,890 

1,550     1,830   14,020 

4,750 

2,450 

8,140 

2,040 

3,360 

1,420 

440 

1,720 

1,390     1,410 

15,770 

3,250 

2,;«o 

3,850 

2,040 

3,150 

1,000 

450 

1,800 

1,760 

1,370 

17,230 

2,280 

2,380 

6,880 

1,960 

4,470 

990 

450 

1,880 

1,450  i  1,420   19,210 

2,010 

2,570 

3,310 

1,970 

4,060 

1,120 

960 

1,710 

1,60(J  ^  1,480  ii,;«o 

1,520 

2,400 

2,270 

1,980     1,990 

790 

990 

1,710 

1,640 

1,780 

10,410 

1,780 

2,800 

2,380 

2,020 

1,910 

1,000 

400 

990 

l,:i30 

1,910   10,650 

1,890 

2,710 

2,120 

4,880 

1,920 

1,010 

4.50 

1,900 

1,420 

1,510  20,040 

3,440 

2,560 

2,860 

2,700 

1,960 

610 

860 

1,810 

1,600 

1,940  22,110 

2,690 

2,280 

2,260 

1,910     1,830 

840 

980 

1,700 

1,940  J20,3fi0 

2,980 

2,760 

6,250 

1,950     1,360 

790 

450 

1,760 

i,«jo  '20,240 

2,570 

2,860 

6,250 

1,790     1,960 

750 

810 

2,000 

1,350    

3,0,TO 

3.240 

1,910   

780 

1.960 
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Mean  ilailyflow^  in  Ht'cftnd'feet,  of  Penobscot  River  at  MUlinocket,  Jtflr.— CiCii:-. 


Day. 


1902. 


Jan.     Fob. 


Mar.    Apr. 


1 


2,230 


2 2.880 


3 
4 

5 
6 
7 
8 
« 
10 
11 


2a(» 
2,100 

2,i:« 

3,010 
2,040 
2,010 
2,090 
i  1,960  I 

'  1.740 ; 


12 :  2,090 

13 '  2,080 

14 1  2,0H0 

16 1  2,020 

16 1  2,190 

17 1  2,090 

18 '  1,910 

19 1  2,6«0 

20 i  1,980 


21. 

22 

23 

24 

25 

26 

27 

28 

29 

90 

81 


1,960 
1,970 
2,070 
1,900 
2,080 
2,000 
1,960 
1,800 
3,270 
2,170 
2,100 


1,930 

2.630 

2.180 

2.090 

2,110 

2,040 

2,ia) 

1,941)  ' 

3,440 

2.120 

2,020 

2,000 


2.000 


1,970 
1,870 
3.090  '< 
3,370  ' 
2.000  ' 
2, 110  I 
2,130  I 

2,QS0 
3,440 
2,110 
2.130 
2,190 
2,140 
2,120 


2,140 
2,110 
2,110 
2,110 
2,110 
2,100 
2,181) 
2,m) 
2.350 
2,530 

2,:t» 

2,820 
2,K90 
2,7a) 
2,690 
2,.'3O0 
5,500 
5,380 
6,430 
6,900 
8,700 
8,580 
8,190 
9,960 
9,910 
9,790 
9,820 
9.790 
9,840 
9,970 
9,970 


13,150 

14,110 

13,880 

13,380 

14.060 

14,060 

15,090 

14,120 

13,240 

13,180 

13,170 

13,070 

1.3,340 

'13,210 

12.310 

12,400 

13.390 

13,010 

6,770 

8,380 

9,090 

7,840 

7,940 

7,960 

9,740 

10,180 

11,330 

11,740 

11,190 

11,200 


May.  I  Jane. 


11,180 

11,180 

11,190 

ll.OTD 

11,420 

12,000 

12,680 

15,000 

13,380 

'l3.900 

jl4,840 

13,140 

12.150 

10,470 

16,  S») 

6,360 

6.220 

9,590 

9,050 

7,680 

5,880 

8,820 

8,920 

8,800 

6,220 

5.940 

8,200 

3,090 

3,130 

8,110 

3,110 


4,190 

2,880 

5,490 

6,300 

11,900 

11,000 

13,440 

'17,240 

,20,040 

19, 3n) 

30,580 

.20,230 

17,510 

'16.580 

11,800 

In,  000 

'10,870 
,10,960 
7.710 
9,500 
3,210 
3,990 
3,990 
3,670 
3,290 
3,290 
3,270 
3,900 
2,970 
2,870 


Jaly.    Aug.  '  Sept    Oct.    Not   > 


3.040 
3,ft90 
2,580 
460 
330 
1,430 
2,500 
2,570 
2,57r) 
3,560 
2,560 
2,560 
2,380 
2,550 
2,570 
2,550 
2,500 
2,800 
2,540 
2,280 
3,550 
2560 
3,550 
3,500 
2,550 
2,530 
2,370 
2,560 
2,800 
2,580 
2,700 


3.5a) 
3.520 
1.570 

I  3,540 
2.440 

j  2,540 
2.560 
2,510 
2,980 
2.890 
2,2B0 
3.450 
2,430 
3,410 
3,500 
2,430 
2,010 
2,£80 
2,209 
4,380 
4,830 
4,310 
3.870 
1,890 
2,480 
2,280 
2,400 
2,410 
2,330 
2,450 
1,990 


;  2,3*)    tUD  t» 

'  2,640    tOarj  t'B 

2,1«)    i,m  t* 

2,340  ,  tW  t « 

2,190    2,330  I4i 

:  2,150    2.3*1  tS) 

I  1.790    *4»  t» 

2.4a)    2,3*  t» 

2.180  ■  ISO  t» 

3,4au  t»  15: 

2,380    2,1«)  "t" 

2,170  ;  l,m  i*» 

2,O?0    2,U0  V» 

1,7W  i  2,450  13' 

•10)!  2,150  Itf' 

2,110  ■  17*0  t» 

2,520  '  2,430  iS*' 

2,110    1640  1.? 

2,0ro    2,330  loll 

2,060    ll«)  15#» 

1,910*  MO  ton 

2,120    2,490  !»• 

2,080  [  2.170  1.3" 

2,120   2,ieD  t:* 

2,13)    2,1?)  t** 

2,1*0    1.9©  16' 
2,110    tlfl0'l4# 

l,8n)j  2,570  13* 

2,090    2,»)  141<* 

2,480    2,160  IW 


:» 


i» 


•  ^ 


:3 


2,») 


Ei^r^.l 
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EstinKited  monthly  dindiarge  of  Penobscot  River  at  Millinockety  Me, 

[Drainage  area,  1,880  square  milea.] 


Month. 


1901. 
nary  It  to  81.. 

umarv  J 

rch 


ril 

y 

le 


Discharge  in  second-feet. 


Maximum. 


gust   __. 
)teinber 
tober  _ . . 
vember. 
c-ember  . 


The  year 


1902. 


anary  _ . 
bmary 

irch 

)ril  ._.. 


ay 


me 

Lly 

igast  _.. 
ptember 
?tober  -  _ . 
oveinber . 
Bcember . 


The  year 


3,060 
2,360 
2,030 
22, 110 
20, 220 
3,370 
8,140 
6,500 
4,470 
2,000 
1,230 
2,000 


22,110 


3,270 

3,440 

9,970 

15, 030 

16, 920 

20,590 

3,040 

4,880 

2,640 

2,770 

4,860 

5,390 


20,590 


Minimum. 


960 

1,050 

1,160 

1,370 

1,520 

2,240 

1,540 

1,690 

1,360 

610 

380 

410 


380 


1,740 
1,870 
2,100 
6,770 
3,090 
2,870 

330 
t ,  570 
1,780 
1,940 
1,350 

570 


330 


Mean. 


1,430 
1,629 
1,617 
9,447 
6,578 
2,654 
3,599 
2,584 
2,600 
1,364 
656 
1,158 


2,943 

2,138 
2,266 
5,380 
11,777 
9,460 
9,392 
2,398 
2,615 
2,174 
2,287 
2,447 
2, 658 


4,582 


Run-off. 


Second- 
feet  per 
square 
mile. 


0.76 

.87 

.86 

5.02 

3.50 

1.41 

1.91 

1.37 

1.38 

.78 

.85 

.62 


1.56 


1.18 
1.21 
2.86 
6.26 
5.03 
5.00 
1.28 
1.89 
1.16 
1.22 
1.30 
1.41 


2.44 


Depth  in 
inches. 


0.88 

.91 

.99 

5.60 

4.04 

lv57 

2.20 

1.58 

1.54 

.84 

.89 

.71 


21.25 


1.80 
1.26 
8.80 
6.98 
5.80 
5.58 
1.48 
1.60 
1.29 
1.41 
1.45 
1.63 


33.08 
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(Sr.» 


EAST  BRANCH   OF  PENOBSCOT  RIVER  AT  GRINDSTONE,  ML 

This  statiou  was  est^iblished  October  23,  1902,  by  F.  E.  Prwiiey  I 
is  located  at  the  Bangor  and  Aroostook  Railix)ad  bridge,  one-half  si* 
south  of  the  hotel.     The  measurementa  are  made  from  the  raL*  * 
bridge.     The  drainage  area  at  this  point  is  1,130  square  miles,  iiifh 
ing  the  Chamberlain  Lake  basin  (270  square  miles).    Theinitmli«  r 
for  soundings  is  on  the  left  bank,  at  the  lower  end  of  the  incline*]  i 
post.     The  gage  is  of  the  usual  wire  type,  and  the  scale  board,  era^lr 
ate<l  to  feet  and  tenths,  is  nailed  to  the  guard  timber  on  the  np?^ 
side  of  the  bridge.     The  gage  is  read  daily,  at  7  a.  m.  and 5.  p.  m.ry 
L.   B.  Trask.      The  channel  both  above  and  below  thw  stAHu. ;: 
straight.     The  bed  of  the  stream  is  rocky,  and  the  stream  is  wni^ 
in  the  channel  by  the  abutments  of  the  bridge.    The  bench  nuiri » 
loc*Ated  on  the  east  abutment,  at  the  southwest  corner  of  the  brii: 
seat.     Elevation,  26.32  feet -above  the  zero  of  the  gage.    Dnriiiii"- 
the  following  measurements  were  made  bv  F.  E.  Pressev: 

October  23:  Gktge  height,  5.15  feet;  discharge,  706  second-feet 
November  26:  Gage  height,  5.41  feet;  discharge,  921  seoond-feet. 

Daily  gage  lieight,  in  feet,  of  East  Bratich  of  Penobscot  River  at  Griitdito''\  1' 

for  190i2. 


Day. 

Oct. 

Nov.  Dec. 

1 

'          Day. 

Oct. 

Nov. 

Dec. 

i        Day. 

Ort.  N> 

1 

6.15 

6.  SO 
5.50 
5.40 
5.20 
5.30 
5.90 

5.ao 

5.30 
5.30 
5.30 
5.30 

12 

5.65 
5.80 
5.55 
5.50 
5.50 
5.70 
5  60 

5.30 
5.30 

23 

24 1 

1  «^ 

» 

27 

.115  va 

8 

6.05 
5.90 
5.90 
5.90 
5.80 

j  13 

5.10   J* 

3 

14 

5.10  :* 

4 

1  15 

ft.l«i  i« 

5 

1  16 

5,in  58. 

6 

'  17 

28 

a.-V)  h> 

7 

5.80 

1  ^® 

1  *^ 

3» 

30 

!  31  

:.65  sv 

8 

5.70 
5.65 
5.70 
5.00 

1  19 

5  55 

T.flG  i' 

9 

j  20 

5.50 
5.55 
5.00 

a4a    . 

10 

21 

1 
1 

11 

1  22. 

1 

■ 

«Prc«5en  from 

December  1 

4  to  31 

MATTAWAMKEAG  RIVER  AT  MATTAWAMKEAO,  ME. 

This  station  was  established  August  26,  1902,  by  F.  E.  Press}  ' 
is  located  at  the  Maine  Central  Railroad  bridge  over  the  Matta*^' 
keag  River  in  the  town  of  Mattawamkeag.     The  area  of  the  draii . 
basin  at  this  point  is  1,510  square  miles.     The  initial  point  fors*  i 
ings  is  on  the  left  bank,  at  the  south  end  of  the  bridge,  at  the  loff»*f 
of  the  inclined  end  post.     The  gage  is  of  the  usual  wire  tj'pe,!*^'^ 
scale  board,  which  is  graduated  to  feet  and  tenths,  is  naiWt- 
guard  timber  of  the  lower  side  of  the  bridge.     The  gage  isre*ls 
a.  m.  and  4  p.  m.  by  Leon  D.  Mincher.     The  channel  both  al*^^''^ 
below  this  station  is  straight,  and  the  bed  of  the  stream  is  rockj^* 
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^  water  is  confined  to  the  channel  by  the  abutments  of  the  bridge, 
e  bencli  mark  is  on  the  north  abutment  at  the  southwest  corner  of 
J  bridge  seat.  Its  elevation  is;2G.78  feet  above  the  zero  of  the  gage. 
The  following  discharge  measurements  were  made  during  1902  by 
E.  Pressey: 


Jnly  31:  Gage  height,  4.4  feet;  discharge,  1,318  second-feet. 
Augnst  27:  Gage  height,  4.7  feet;  discharge,  1,847  second-feet. 
September  16:  Gage  height,  5.0  feet;  discharge,  1,970  second-feet. 
November  8:  Gage  height,  5.89  feet;  discharge,  3,556  second-feet. 

!'^y  ffcige  height,  in  feet,  of  Mattawamkeag  River  at  Mattawavikeag,  Me, ,  for 

1902. 


'ay. 

Aug. 

Sept. 

Oct. 

4.60 
4.60 
4.60 
4.55 
4.40 
4.45 
4.76 
5.25 
5.45 
5.40 
5.20 
5.10 
4.95 
4.«) 
4.80 
4.80 

Nov. 

7.85 
7.40 
7.00 
6.ff) 
6.35 
6.10 
6.00 
5.00 
5.75 

5.45 
5.90 
5.25 
5.30 
.5.30 
5.40 

5.65 
5.45 
5.45 
5.25 
5.35 
5.80 
5.35 
7.25 
7.05 
6.70 
6.45 
6.40 
(") 

......  — 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

, 

4.10 
4.05 
4.40 
4.70 
4.60 

4.ao 

4..')0 
4.40 
4.80 
4.4;') 
4.50 
4.60 
4.70 
4.80 
4.80 
5.00 

17 

5.00 
4.90 
4.S> 
4.70 
4.50 
4.40 
4.40 
4.40 
4.3') 
4.40 
4.40 
4.25 

4.:f) 

4.35 

4.80 
4.80 
4.80 
4.85 
5.05 
5.20 
5. 15 
.5.00 
4.K5 
4.70 
4.65 
5.05 
6.80 
7.  HO 
8.00 

5.60 
5.50 
5.60 
5.50 
5.40 
5.50 
5.60 
5.50 
5. 50 
5.45 
5.35 
5.40 
5.55 
5.70 

7.00 

1 

18 _... 

7.45 

■ 

19 

20 

21 

7.80 

(") 

i 

; 

22 

■ 

23 

*' 

24 

1 

25 

, 1 

28 

27 

28 

29 

30 

31 

1 

4.«) 
4.70 
4.60 
4.60 
4.40 
4.25 

1 

1 
1 

1 

"  Frf)zcn  Doccmbor  13  to  16  and  3f)  to  31. 


f' 


PISCATAQUIS  RIVER  AT  LOW  S  BRIDGE,  NEAR  FOXOROFT,  ME. 

This  station  was  established  Auj^^iist  17,  1902,  hy  F.  PI  Pressey.  It 
loented  at  Low's  bridge,  about  half  way  between  Guilford  and  Fox- 
•oft,  Me.  The  area  of  the  drainage  basin  at  tins  point  is  280  square 
lih^s.  The  initial  point  for  soundings  is  on  the  left  bank,  at  the 
ream  side  edge  of  the  top  stone  of  the  left  abutment-.  The  gage  is 
painted  staff,  graduated  to  feet  and  tenths,  spik(»d  to  the  left  abut- 
lent.  It  is  read  at  7  a.  m.  and  5  !>.  m.  by  A.  F.  I).  Harlow.  The 
hannel  both  above  and  below  tlie  station  is  straight,  the  banks  are 
igh  and  gravell}',  and  the  bed  is  roeky.  The*  beneh  mark  is  on  the 
*ft  abutment,  at  the  top  of  the  seeond  eourse  from  the  top.  Eleva- 
ion,  17.8  feet  above  the  zero  of  the  gage. 

The  following  diseharge  measurements  were  made  during  1002  by 
'.  E.  Presse}^: 

Angnflt  13:  Gap:e  height,  3.7  feet:  (li.sohargc,  09S  second-foet. 
Augnst  16:  Gage  height,  2.8  feet:  discharge,  332  second-feet. 
Septenil>er  10:  Gage  height,  2.7')  f(»et;  discharge,  2SH  s(»cond-feet. 
October  18:  Gage  height,  2.0  feet;  discharge,  61  second-feet. 
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i»c 


Daily  gage  height,  in  feet,  of  Piscataquis  River  at  Lows  bridge,  ii«irfwr 

Me.,forJ90S, 


Day. 


1 

ft 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 


Aug. 


Sept.  I    Oct. 


2.45 
2.35 
2.40 
2.40 
2.60 
2.40 
2.85 
2.1)5 
2.56 
3.30 
3.60 
3.25 
2.45 
2.70 
2.95 
3.15 


2.65 
2.65 
2.65 
2.45 
2.40 
2.30 
2.90 

ai5 

8.10 
2.95 
2.75 
2.50 
2.70 
2.35 
2.10 
2.15 


Nov. 

Dec. 

Day. 

a90 

a  05 

17 

3.65 

a  00 

1  1» 

3.60 

2.90 

1  1« 

3,60 

2.80 

'ao 

3.30 

2.70 

21 

3.35 

(°) 

22 

a  10 

1  28 

3.15 

\^ 

3.00 

» 

a  10 

.  as 

2.90 

,» 

a  25 

28 

a  85 

29 

a  60 

,  a> 

a4o 

31 

a  30 

1 

Aug. 


2.45 
2.75 
S.55 
2.60 
2.85 
2.65 
2.40 
2.35 
2.65 
2.70 
2.75 
2.70 
2.  SO 
2.45 
1.75 


aisj 

285 

2.75 

2.75  I 

2.70  1 

2.65 

2.55 

27[J 

2.60 

2.60 

2.  ST. 

2.20 

235 

2.65 


160 
2.S 

iflO; 

i»! 
as 

3.10 

295 1 

2.95. 

290 

3.10 

175 

4.00 

6.&I 

&10i 

iS: 


1>S 
%5 
IS 

3.0) 


a  Frosen  Deoomber  6  to  81. 


Rating  talylefor  Piscataquis  River  at  Low^s  bridge,  near  Foxcrofi,  M(.J(^  ' 


Gaffe 
height. 

Feet. 

2.0 

2.1 

2.2 

2.8 

2.4 

2.5 

Discharge. 

heig?t. 

Second-feet. 

Feet. 

00 

2.6 

75 

2.7 

100 

2.8 

125 

2.9 

100 

8.0 

195  1 

3.1 

1 
1 

Discharge. 

Oage 
height. 

Second-feet. 

'     Feci. 

280 

'         3.2 

270 

8.8 

820 

1        ^^ 

880 

8.5 

445 

8.6 

515 

8.7 

Discharge. 


Second-feet. 
595 
675 
755 
835 
915 
995 


hSSt  ^-^ 


Feet.   \Seoy»i!-' 

8.8  1."^' 

3.9  1.1^' 


4.0 


1.S5 


Estimated  monthly  diticharge  of  Piscataquis  River  at  Lmc'n  bridge.  *&^ 

Foxcroft,  Me. 


[Drainage  area,  280  square  miles.] 


Month. 


1902. 
Angnst  17  to  31... 

September 

October 

November 

December  1  to  5  . . 


Discharge  in  second-feet 


Maximum. 


Minimum. 


1,155 

3,035 

1,155 

480 


100 

60 

320 

270 


Mean. 


218 
299 
506 


379 


BiiiH)9 


Seoood- 
feetper  l^ 
Bqutre    "^^ 
mile- 


\vy 


0.78 

i.o: 

1.81 
2.28 
1.35 


Ei-T..]  STREAM   MEA8UBEMENTS   IN   1902,  PART   I.  25 

KENKEBBC  RIVKR  T>11AINAGK  BASIN. 

vennebec  River  is  one  of  the  b<58t  streams  in  the  United  States  for 
5  development  of  water  power.  Its  basin  lies  between  those  of  the 
idroscoggin  and  the  Penobscot  and  extends  from  the  Canada  line  to 
^  ocean.  The  basin  meafiiires  150  miles  in  length  and  varies  in 
1th  from  50  to  80  miles  in  the  main  portion,  embracing  a  total  area 

<5,11()  square  miles.  Of  this  area,  1,330  square  miles  are  tributary 
Moosehead  Lake. 

riie  river  rises  in  Moosehead  Lake,  thouj?h  its  headwaters  are  col- 
jted  by  Moose  River,  Roach  River,  and  a  number  of  smaller  streams 
iiig  in  the  hilly,  forested  areas  lying  to  the  east  and  west  of  that 
ie.  The  northern  part  of  the  drainage  basin  is  broken  by  offsets 
)in  the  White  Mountains.     Nearly  the  whole  of  the  upper  portion 

the  drainage  area  is  forest  covered  and  in  its  original  wild  state, 
'low  the  outlet  of  Moosehead  Lake  the  hills  close  in  upon  the  river, 
rmiiig  a  narrow,  rocky  chasm,  with  steep  and  precipitous  sides, 
•cm  Moosehead  Lake  to  The  Forks  the  river  is  a  torrent,  falling 
er  a  roekj-  bed  600  feet  in  a  distance  of  23  miles.  At  The  Forks 
e  waters  of  Dead  River,  which  rises  near  the  western  boundary  of 
e  State  at  an  elevation  of  about  2,000  feet,  are  joined  to  the  main 
ream.  Below  this  junction  the  river  flows  through  a  broad  vay  lie, 
ith  gentle  slopes  upon  either  side,  still  covered  to  some  extent  with 
»rest  growth,  but  largely  cleared  and  with  occasional  cultivated 
irms.  About  60  miles  from  the  coast  the  hills  again  rise,  though  not 
>  a  considerable  height.  There  are  on  the  river  a  number  of  large 
ills,  which  have  been  developed  by  the  construction  of  dams  and  are 
ow  used  for  sawmills,  pulp  mills,  and  cotton  mills. 

The  prevailing  rock  in  the  northern  part  of  the  basin  is  slate,  with 
iKilt  of  sandstone  to  the  west  and  a  district  of  granite  to  the  east  of 
loosehead.  South  of  Bingham  mica-schists  run  into  the  clay  slate 
1  spots  and  elsewhere  into  gneiss,  but  (except  where  broken  by 
itrusions  of  granite,  as  at  Hallowell  and  Augusta)  the  slate  prevails 
s  far  as  Gardiner.  Below  the  latter  city  gneiss  predominates,  with 
tretches  of  mica-schists  on  the  east  bank.  The  surface  materials 
re  finely  pulverized,  and  water-retaining  sands  and  gravels  are  more 
.bundant  in  the  northern  part,  succeeded  by  a  greater  proportion  of 
oam  and  clay  to  the  south. 
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The  areas  of  the  drainage  basins  of  the  river  and  its  principal  tr!^ 
utaries  are  given  in  the  following  table : 

Drainage  areas  of  Kennebec  River  and  principal  ^rflwteriet. 


Biver. 

Locality. 

KennAher* 

Ontlet  of  Mooeehead  Lake 

Do 

Do 

Do 

Do 

The  Forks 

Immediately  below  month  of  Dead  River. .. 

Carritnnk  Falls,  Solon 

North  Anson,  above  moath  of  Carrabamett 
River. 

Madison __ 

Norridgewock 

Do 

Do 

Do 

Do 

Fairfield 

Waterville,  above  month  of  Sebasticook 

Do 

Do 

River. 
Waterville,  below  month   of  Sebasticook 

River. 

Angnsta .._ 

Head  of  Merrymeeting  Bay _ 

Month  .  -  _ 

Roach  River _ 

Do. 

Moose 

Roach  _ 

Dead 

Month,  The  Forks _   .                

Carrabassett 

Sandy _ 

Do 

Sebasticook 

North  Anson,  above  Embden  Brook. 

Farxnington 

Month _ 

do 

Messalonskee 

do 

Cobbosseecontee 

do 

Sjwrrt 


iy 

i^^ 

t*    * 

•». ' 

4.  ••• 

4.' 


•• . 


fi.l 


S"* 


The  United  States  Geological  Survey  now  maintains  gaging  stAt :■  :* 
at  the  following  places  on  the  Kennebec  drainage:  On  theKenn^^*' 
at  The  Forks  and  at  North  Anson,  on  the  Carrabassett  River  - 
North  Anson,  on  Dead  River  at  The  Forks,  on  Moose  River  at  R'»  ^ 
wood,  and  on  Roach  River  at  Roach  River. 

Since  1892  records  have  been  kept  at  Waterville  b}'  the  lloUii-* 
worth  &  Whitney  Pulp  and  Paper  Company.  Records  for  the  y«'>^ 
1901  and  1902  ai*e  published  in  this  rejiort. 

KENNEBEC   RIVER  AT  THE   FORKS,  ME. 

This  station  was  established  by  N.  C.  Grover,  September  f>, ' ' 
at  the  bridge  across  the  Kennel)ec  River  at  The  Forks.  The  ':^ 
is  a  vertical  rod,  graduated  to  feet  and  tenths,  and  referre<l  t" 
bench  mark  which  is  the  top  of  a  bolt  on  east  abutment,  north  ^ 
of  bridge;  the  elevation  of  the  bench  mark  is  12.85  feet  abov» ' 
zero  of  the  gage.  The  initial  point  of  soundings  is  on  the  left  Iwu 
marked  by  a  rod  across  the  bridge,  just  above  the  abutment  and  belo<» 
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e  bridge  floor.  The  channel  is  straight  above  the  station  for  about 
0  feet  and  below  for  a  distance  of  500  feet.  The  current  is  swift, 
e  banks  high  and  rocky,  with  a  rocky  and  permanent  stream  bed. 
le  gage  is  read  twice  daily,  7  a.  m.  and  5  p.  m. ,  by  William  W.  Young, 
lie  drainage  area  of  the  Kennebec  River  at  this  point  is  1,G70  square 
lies.  The  following  measurements  of  flow  of  the  Kennebec  at  this 
)int  have  been  made  by  N.  C.  Grover  and  F.  E.  Pressey: 

Discharge  measurements  of  Kennebec  River  at  The  Forks,  Me, 


Date. 


N.  C.  Grover. 
....do 


1901. 

ptember  28 

:tober20 

1902. 
pril25 - 

me  16    ._ ' do 

me  25 ] do 

?ptember  14 F.  E.  Pressey 


Hydrographer. 


do 


Gag© 
heignt. 


Feet. 
2.60 
.90 

8.70 
5.60 
4.75 

2.10 


Discharge. 


Sec.'/t. 
1,863 
473 

3,495 

8,862 
5,896 
1,475 


Daily  gage  height^  in  feet,  of  Kennebec  River  at  Tlie  Forks,  Me. 


Day. 

Mar. 

1902. 

(°) 

2.55 

2.90 

8.10 

8.00 
2.95 

2.70 

2.«> 

1 

2.70 

2.60 

2.00 

» 

2.00 

t 

1.00 

1.60 

' .................. 

1.50 

i 

1.46 

2.00 

\ 

2.55 

> 

2.90 

April. 


r 

> . 

Pi. 
t  . 
H, 
9 
0 
1 


3.  HO 
4.00 
4.80 
4.40 
4.80 
3.85 
3.60  i 
3.00  ; 
4.00  ' 
4.35 
6.00  ' 
7.80  ' 


8.60 

8.40 

8.10 

T.95 

7.55 

7.15 

6.40 

6.00 

6.50 

6.46 

6.30 

5.35 

5.50 

5.. -JO 

5.35 

5. 10 

5.C»  , 

6.70  ' 

5.90  I 

5.85  I 

6.10 

6.25  , 

5.8r) 

5.05 
4.20 
3.75 
4.80 
6.05 
6.10 
6.(M) 


I 


1 


6.85 

8.05 

8.20  i 

8.20  ' 

6.40 

6.05 

6.25 

6.35 

6.70  ! 

6.35 

6.70 

6.80 

6.70 

7.10 

6.90 

h.W 

5.75 

5.30 

5.50 

4.50 

4.90 

4.90 

4.80 

5.00 

5.00 

6.50 

6.50 

4.50 

4.00 

3.75 

4.00 


June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

4.10 

6.00 

4.50 

1.96 

2.05 

1.10 

(«») 

5.75 

6.15 

4.50 

1.96 

1.80 

1.10 

6.35 

8.10 

5.a5 

1.96 

1.60 

1.10 

Q.m 

6.00 

4.05 

2.40 

2.00 

1.46 

7.56 

5.80 

4.05 

2.36 

2.05 

1.30 

7.80 

5.80 

3.80 

2.60 

2.00 

1.45 

7.50 

5.40 

3.50 

2.55 

2.05 

1.50 

7.60 

4.80 

.3.40 

2.65 

2.05 

1.50 

7.  TO 

4.75 

3.40 

3.70 

2.00 

2.00 

7.80 

4.50 

3.40 

2.65 

1.80 

2.00 

6.70 

4.55 

3.50 

2.00 

1.60 

2.00 

6.40 

4.50 

3.5(J 

2.55 

1.60 

2.10 

6.10 

5.80 

3.30 

2.50 

1.95 

2.05 

5.80 

4.95 

3.35 

2.45 

2.00 

2.10 

7.30 

4.65 

3.15 

2.40 

2.05 

2.00 

5.70 

4.75 

3.00 

2.:jo 

2.20 

(") 

5.55 

4.&5 
4.66 
4.65 

3.(k-) 
3.00 
2.95 

2.10 
3.(10 
2.00 

2.20 
1.00 
2.00 

5.45 

5.90 

3.00 

5.90 

4.65 

2.75 

2.00 

2.10 

3.00 

4.70 

4.a'S 

2.8.-» 

3.50 

2.50 

3.00 

5.50 

4.50 

2.80 

2.80 

2.;r> 

3.00 

5. 15 

5.20 

3.8f> 

2.50 

2.55 

3.00 

5.20 

3.80 

2.80 

3.05 

2.45 

.3.00 

6. 10 

2.70 

2.80 

2.45 

2.00 

.... .... 

3.00 

5.:«) 

2.90 

2.00 

2.00 

2.40 

3.00 

S.-Vi 

3. 15 

2.30 

2.26 

2.40 

3.00 

4.45 

4.25 
4. 15 

2.00 
2.00 

2.16 
S.IO 

t.V> 

(") 

4.:*) 

— 

4.80 

4. 15 

4.30 

3.  (JO 
2.10 

3. 15 

2.. 50 
1.80 

«Fro3Ben  from  .January  1 
frNo  measorementB,  Nov 


ti>  Marrh  1  and  LHsromlwr  38  tf> 
omher  16  to  December  18. 


31. 
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RTREAM   MEASUREMENTS    IN    1902,  PABT  I. 
Rating  ialile  for  Kennebec  River  at  The  Forks,  Me.Jor  mj. 


hei^t. 
Fert. 

Diflchartpe. 

1 

Gacre 
height. 

Fef't. 

Discharge. 
Secmitl'feri . 

1 

1     Gage 

\   height. 

Discharge.  - 

height. 

Sfctmd-feet. 

F^t. 

Secjmd-feei. 

¥tn. 

1.0 

560 

3.2 

2, 6:w 

.      5.4 

8.000 

1 

7.6 

1.2 

720 

3.4 

2, 950 

,       5. 6 

8,800 

7.8 

1.4 

880 

3.6 

3,310 

j       5. 8 

9.600 

8.0 

1.6 

1,040 

3.8 

3, 700 

6.0 

10,400 

S.5 

1.8 

1,200 

!       4.0 

4, 120 

,       6.2 

11,200 

9.0 

2.0 

1,365 

4.2 

4, 560 

6.4 

12,000 

9.5 

2.2 

1,525 

4.4 

1 

5, 020 

1       6.6 

12,800 

10.0 

2.4 

1,700 

I       4.6 

5, 510 

1       6.8 

1 

13,600 

10.5 

2.6 

1,900 

4.8 

6,040 

t       7.0 

14,400 

11.0 

2.8 

2, 105 

5.0 

6,620 

7.2 

15,200 

11.5 

8.0 

2,850 

5.2 

7,270 

1.4 

16,000 

12.0 

24.  i»' 


EHtimated  monthly  diHcharge  of  Kennel^c  Rii'i^r  at  Tlie  Forks,  Me, 

[Drainage  area,  1,670  square  miles.] 


Month. 


1901. 

October 

November.    

December  8  to  19 

1902. 

March  ^ 

April     

May  _ 

June       

Jnly 

August  -   .    

September 

October 

Noveml^er  1  to  15 
Deceml:)er  19  to  27 


Discharge  in  se«cond-feet. 


BtUH* 


Seoond- 
mik. 


0.95 

0.^6 
&5.09 


1  f 


2.00 
6.65 
6.31 
6.:^6 
3.76 
1.72 
0.99 

o,s: 

^0.65 
&1.41 


a  Frozen  during  January  and  February. 


b  Partial  mootb 


KENNEBEC   RIVER  AT  NORTH  ANSON,  ME. 

This  station  was  ostablisheil  on  October  18,  1901,  by  N.  C  ^'Tvi\'^* 
It  is  located  1^  miles  east  of  North  Anson,  and  is  reaehetl  Iw  pn^^ 
conveyance.     Measnreinents  are  made  from  the  bridge  acn^-' 
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eiinebec.     The  gage  is  a  vertical  rod  graduated  to  feet  and  tenths 

id  fastened  to  the  bridge  pier.     It  is  referred  to  two  bench  marks, 

le  being  the  top  of  i)ier  back  of  gage,  elevation  22.5  feet,  and  the 

her  the  top  of  the  southeast  corner  of  the  twelfth  stone  from  the 

p  of  west  abutment,  elevation  9.55  feet  above  the  zero  of  the  gage. 

ho  initial  point  of  soundings  is  on  the  left  bank  at  the  outside  of  the 

id  post  of  the  bridge.     The  channel  m  straight  above  the  station  for 

K)  feet,  and  below  for  1,000  feet.     The  current  is  swift,  the  right 

ink  high  and  rocky,  while  the  left  bank  is  comparatively  low  and 

ibjeet  to  overflow  at  the  time  of  highest  water.     The  bed  of  the 

roam  is  rocky,  with  sand  over  a  portion  of  the  section.     The  gage  is 

'ad  twice  daily,  at  8  a.  m.  and  4  p.  m.,  by  C.  S.  Benjamin,  the  toll 

)llector  at  the  bridge.     The  drainage  area  is  2,880  square  miles. 

he  following  measurements  have  been  made  by  N.  C.  Grover  and 

.  E.  Pressey: 

October  14,  1901:  Gage  height,  3.2  feet;  discharge,  J3,114  second-feet. 
October  18,  1901:  Gage  height,  3.0  feet;  discharge,  2,458  second-feet. 
July  29,  1902:  Gage  height,  4.55  feet;  discharge,  0,224  second-feet. 

Lkiily  gage  height^  in  feet,  of  Kennebec  River  at  North  Anson,  Me, 


Day. 

Mar. 

Apr. 

1 
May.     June. 

July. 

6.10 
5.85 

Aug. 

8opt. 

1 

,    Oct. 

1 

3.15 
3.25 
3.00 
2.96 
2.90 
8.10 
8.35 
3.45 
3.30 
2.90 
3.80 
3.65 
2.90 
8.05 
3.15 
3.40 
8.20 
3.10 
3.06 
3.70 
3.66 
3.95 
3.90 
3.65 
'3.60 
3.00 
2.95 
3.65 
5.95 
5.85 
5.80 

Nov. 

Dec. 

190g. 

^«) 

13.65 
11.70 
10.75 
9.00 
7.90 
7.00 
7.15 
7.3f) 
7.45 
7.00 
6.90 
6.85 
6.75 
6.30 
6.50 
6.86 
6.75 

10. 75 
10.45 
11.30 

6.95 
6.70 
6.10 

4.10 
4.50 

3.26 

5.10 
3.95 
8.50 
3.2^ 
3.10 
3.15 
3.10 
3.05 
3.05 
3.30 
3.05 
2.95 
3.20 
3.35 
3.60 
3.86 
4.05 
4.10 
4.00 
3.86 
3.85 
3.85 
3.70 
3.80 
3.65 
3.45 
3.40 
8.15 
3.15 
3.15 

8.25 
3.40 

\ 

5.85        5.30  i      3.15 

3.50 

i 

9.90  '      7.40 
7.55        8.75 
7.25        8.90 

5.60        4.85 
5.45        4.50 
5.35        4.15 
5.05        4.20 
5.00        4.15 

3.00 
3.45 
3.35 
3.20 
H.4r> 
3.:i5 
3.75 
3.95 
8.66 
3.40 
3.80 
4.10 
3.95 
3.50 
3.10 
3.05 
3.25 
4.00 
4.25 
4.00 
3.90 
3.30 
J}.00 
3.00 
3.06 
3.20 
3.15 

3.45 

> _ 

3.35 

>    

(") 

9 

I ] 

7.55 
8.60 
8.15 
7.90 
6.45 
7.45 
6.95 
6.95 
5.96 
5.80 
5.75 
5.75 
5.  Si 
5.15 

5.55 
5.80 
5.90 
5.80 
6.65 
7.65 
8.35 
9.25 
7.55 
7.30 

8.95 
8.60 
9.90 
9.25 
8.30 
7.(6 
6.70 
6.45 
6.30 
6.10 
6.30 

<                                                      ' 

1 ' 

4.80 
4.85 

4.25 
4.30 

I) 

1 

5.00  1      4.30 

2 ' 

5.00 
5.06 
4.90 
4.90 
5.06 
5.10 

4.40 
4.15 
3.70 
3.60 
3.65 
3.30 
3.(N) 
3.55 
3.70 
3.20 
3.15 
3.80 
4.15 
4.15 
3.a5 
3.35 
8.15 
3.00 
2.85 
2.95 

- 

5 

4 1 

a 

6 

7 _.   _. 

8 

6.05 

6.35        5.30 
5.65  ;      5.10 
5.55  1      5.30 
5.20        5.55 
5.65        5.56 

1) ;;;:;.:; 

6.80 

6.;«> 
7.m 

7.15 
7.56 
7.:*) 

i^ 1 

a ' 

»                      1 

3    

11.31) 

8.75 

5.55 
6.10 
5.65 
6.75 

5.25 
5.36 
5.06 
5.06 

H 

J5 

7.76  '      «.30 
6.75        «.55 

«.... 

n 

6.05 

5.75 

7.55 

11.60 

11.35 

6.65 
6.85 
7.10 
7.65 

7.45        5.00 

W-... 

6.60 
5.95 

4.65 
4.40 

» 

» i 

5.70  !      4.45 
4.25 

31....                        I 

1 

aProz 

.en  Janr 

lazy  1  tc 

>  March 

22  and] 

Decemb 

er  6toa 

II. 
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KENNEBEC   RIVER  AT  WATERVILLE,   ME, 

The  only  loiig-eoiitiniie<l  observations  of  the  volume  of  the  river a> 
those  which  have  been  made  at  Waterville  by  the  llollingssvorl  i 
Whitney  Company,  which  kindly  furnished  the  results  forpubiira' 
herein.     The  works  of  that  company  are  alwve  the  mouth  of  r^W. 
cook  River.     The  tributary  drainage  area  of  the  Kennebec  at  'L 
point  is  alK)ut  4,.-]S0  square  miles.     The  figures  ideally  represf^nt  il 
flow  at  12  o'clo(!k  noon  of  each  day,  that  hour  having  been  ^h*-^:. 
after  investigation,  as  a   time  when   the  flow  is  least  affectt^l  ' 
st/orage  at  dams  upstream,  and  as  giving  luost  nearly  the  aveni;?  :' 
the  day. 

A  summarj'^  of  these  results,  including  llHK),  will  l>e  found  i: 
Water-Suj)ply  Paj)er,  No.  i)U.  The  following  tables  give  the  rv^  :^^ 
for  11K)1  and  1902: 


Ihnly  discharge,  in  ttecond-feet ,  of  Keiinebt'o  Rin^r  at  Waten*illf.  M^ 


Day. 


1«)1. 


3,744) 


2 I  3,5.1) 

3 1  3,24<) 

4 j  2,091) 

5 '  2.42r) 

« !  l,m) 

7 

8 

a 

10 

11 

12 

13. 

14 

15 


3, 100 
3,2H0 
3,220 
3,040 
3.240 
3,240 
2,780 
3,230 
2,940 

Ifl I  3,430 

17 !  3,530 

18 1  3,960 

19 1  4,040 

20 

21 

22 

23... 

24 

25... 

20 


2,840 
3,250 
3,490 
3,500 
3,520 
3,230 
3,260 

27 !  2,380 

28 '  2,mM) 

29 3,200 

80 2,ft50 

31 2.970 


2,900 
2,920 
2, 180 
2,(S90 
2,680 

I  2,ff:o 

'  2,700 
3,000 
2,43t) 
2,000 
2,680 
2,690 
2,690 
2,660 
2,340 
2,  .^60 
2,000 
2,900 
2,640 
2,650 
2,670 
2,380 
2,390 
1,430 
2,140 
2,  .'SO 
2,530 
1,990 


2,(r)0 
2,270 
1,620 
2,840 
4,080 
4.290 
4,3r)0 
4,220 
4.ia) 
2,870 
4.090 
4,010 
3,970 
4,060 
3,390 
3,410 
3,0H») 
3,700 
3,440 
3,110 
3,640 
4,180 
5,060 
7U) 
8,510 
8,600 
12,890 
10,5:^0 
13,340 
8,440 
4,120 


Apr.    May.  i  June. 


11,0)0 
15,260 
19,580 
25,040 
54,490 
57,960 
42,370 
76,410 
76,500 
60.700 
5;i,410 
39,290 
35,610 
33,260 
31,460 
30,220 
29,  .300 
28,820 
29,150 
27,600 
28,540 
4.5,590 
65,770 
<i5,970 
49,700 
44,710 
43,510 
39,950 
38,280 
JJ4,780 


29,600 
30,570 
|29,CaO 
128,080 
23, 3W) 
|21,;J80 
jl3,300 
11,81)0 
j  13, 290 
12,340 
16,330 
22,880 

2:^,110 

31,770 

18,120 

14,230 

14,210 

12,110 

110,450 

'l4,560 

11,990 

7,660 

9,860 

7,600 

7,500 

6,620 

9,090 

8,260 

9,060 

5,140 

6,420 


5, 140 

6,510 

8,700 

12,930 

11,380 

9.900 

,  9, 110 

9,930 

15,250 

13,900 

10,000 

10,  L» 

7,830 

7,830 

7,470 

5,660 

7,840 

6,640 

7,170 

6,630 

6,290 

6,420 

5,620 

6,960 

6,020 

6,880 

6,970 

7,050 

6,980 

7,800 


9,080 

8,350 

H,:eo 

4,020 

7,940 

7,330 

i>,  110 

5,130 

6,(130 

5,770 

I  5, tiM 

5,460 

5,440 

3,310 

4.860 

4,600 

'  4,450 

'  4,400 

I  4,430 

I  4.840 

'  4,010 

'  4,220 

3,940 

3,480 

3,400 

3,rao 

3,810 
2,810 
4,510 
4,520 
5.740 


Oct-  I  Not.  Ik 


6,4**) 
,5,270 
4,.S10 
I  2,410 
:  3,8W» 
3,170 
I  3, 290 
5,830 
6,1«) 
5,640 
I  3,24C» 
I  5,640 
I  5,9af* 
5,410 
5,010 
3.840 
5,640 
4,6a) 
4,700 
4,060 
3,900 
3,650 

3,iao 

3,800 
3,530 
4,100 
3,900 
2,880 
1,890  ' 
1,840 
1,850  ' 


1,4?0 
4,7a) 

I  4,2ro 

3,910 
3,G«) 
3,630 
3,040 
1,140 
2,870 
3,130 
2,790 
3,0TO 
3,650 
3,700 
1,700 
3,370 
3,090 
2,831) 
1,910 

2,,sno 

2,560 
7.tO 
3,160 
3,190 
2.800 
2,810 
2,420 
2,3H0 
790 
3,010 


2,i0ii  a«Hi 

i,.5eo  I    *•«' 

2.140  I  3.'0' 

2,:»  a.c» 

960   a«$i 

3,1*0  a.T«.' 

2,49)  1  iM" 

2,:#»  j  1*1' 

2,4W    t»* 
2,.W    12" 

3wOW  !  n« 
6,0)  ,  \M> 
6,680  l?l' 
5,nW  1.38* 
'  4.3» 


'  .* 


-•;» 


4,3») 

2,810 
2,830 
S,34D 
2.9S0 
2,960 
3,3) 
1,280 


2,  SI' 
153' 

is:- 

!»' 

IS-' 
LIT" 

131 
l.« 

3,100    l«8i* 
2,840    ISP 

2,:wji4an 

2,8B0   


t . 
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i'if/  diaelutrgey  in  second-feet,  of  Kennebec  River  at  Waterville,  Me. — Continued. 


Day 


IWK. 


Jan. 


4,ttlO 
4,2Hl) 
3,960 
a,  150 

WO 

:i,400 

8,730 
3,490 
2,960 
.3,380 
3,760 
2,240 
3,840 
3,410 
2,890 
3,210 
.3,180 
3,160 
1,790 
3,  .550 
2,870 
2,880 
7,810 
10,510 
6,800 
4,630 
4,070 
3,870 
3,880 
.3,910 
3,940 


Fob. 


4,(ttO 
2,670 
4,100 
3,840 
3,850 
3,980 
4,010 
4,010 
2,850 
3,990 
3,970 
3,910 
3,910 
3,940 
3,950 
2,100 
.3,950 
3.370 
3,930 
3,660 
3,440 
3,660 
8,150 
4,080 
4,100 
4,810 
4,430 
4,700 


Mar. 


Apr. 


11,790 
23,180 

;«,iio 
!:«,«50 

30,250 
25,920 
22,280 
20,240 
17,740 
20,940 
13,160 
14,230 
17,590 
18,940 
18,860 
27,  WO 
46,6:» 
22,400 

27,aao 

40,570 
45,.^) 
46,670 
36,990 
27,490 
22,900 
18,730 
1.3,930 
2f),«70 
57,970 
47,070 


47,870 
37,920 
%,530 
29,290 
35,220 
j 19, 460 

21,:mo 

21,200 
20,  (SO 
24,790 
23,370 
23,470 
21,340 
21,290 
16,970 

i8,rao 

17,540 
16,940 
17,600 
17,880 
18,740 
21,250 
24,030 
21,290 
17,  (MO 
13,910 
13,430 
18,620 
19,600 

i8,orjo 


May. 


:^4,410 

28,810 

28.890 

26.340 

19,740 

17,210 

17,860 

24,290 

20,730 

17,520 

15,rd0 

13,090 

13,490 

13,6IX) 

10,480 

10,530 

9,720 

8,410 

5,560 

8,420 

9,640 

8,950 

12,320 

8,990 

13,090 

13,560 

21,690 

2:3,800 

29,210 

19,250 

17,820 


15,370 
1.5,  .350 
1.3,050 
12,500 
17,860 
19,7.50 
19,140 
16,830 
36,140 
24,560 
20,860 
16,510 
14,760 
13,040 
11,€00 
11,210 
11,340 
11,590 
10,670 
10,550 
9,710 
8,400 
13,110 
10,620 
10,160 
10,200 
3:i,940 
21,870 
15,370 
12,1.30 


12,2()0 

12,670 

13,21)0 

10,310 

10,900 

9,890 

10,470 

9,850 

8,8K) 

8,910 

9,510 

9,410 

7,3l3r) 

5,440 

6,940 

7,840 

7,300 

6,920 

6,940 

5,740 

6,780 

7,010 

6,940 

6,460 

6,2:« 

'  4,870 

:  4,.5U) 

5,100 

.  5,170 

4,950 

4,950 


Aug. 


4,990 
5,370 
4,630 
9,010 
7,480 
6,490 

5,:«o 

5,130 
5,240 
4,420 

5,090 

.5,7:» 

5.850 
.5,180 
3,860 
•»,  98U 
1,800 
1  3,740 
.3,440 
2,640 
2,300 

3,aao 

5,950 
12,670 
8,250 
6,590 
4,030 
4,130 
4,150 
4,C»40 
1,860 


Sept. 


:f,190 
4,120 
4,060 
3,280 
3,740 
4,090 
1,580 
3,5U) 
4,010 
4,000 
7,540 
5,850 
5,890 
.3,430 
7,. 570 
5,860 
5,180 
4,140 
4,100 
4,100 
2,410 
4,730 
4,530 
4,180 
3,990 
3,830 
4,020 
2,060 
3,950 
4,100 


4,090 
4,120 
4,110 
4,  OHO 
2,020 
3,  .510 
4,170 
5,550 
4,160 
4,160 
3,770 
1,750 
3,  .510 
3,780 
3,730 
4,(W) 
4,120 
4,080 
2,080 
4,300 
4,980 
4,. 510 
4,560 
4,200 
4,130 
2,730 
3,960 
7,830 
24,980 
15,170 
.'10,8:J0 


I 


8,G20 
6,980 
5,670 
4,830 
3,760 
4,130 
4,230 
4,080 
3,040 
4,120 
4,000 
4,100 
4,020 
4,180 
4,380 
4,.550 
5,450 
5,420 
5,040 
4,930 
4,680 
4,380 
4,470 
4,800 
4,160 
4,300 
3,450 
4,200 
4,140 
3,130 


Estimated  monthly  discharge  of  Kennebec  River  at  Waterville^  Me, 

[Drainatfe  arua,  4,:i80  oquaro  mlloH.] 


DiHchargo  in  nocond-feet. 


Bun-off. 


4,100 
4,(JflO 
4,090 
4,070 
3,890 
4,070 
1,080 
3,710 
3,190 
3,580 
2,900 
4,090 
.3,990 
2,.%0 
3,990 
3,970 
6,980 
5,150 
5,480 
4,900 
3,420 

4,  no 

6,230 
6,900 
.5,400 
5,160 
5,150 
4,660 
5,000 
4,540 
4,450 


Month. 


1901. 

annary 

V4>ruary  . . . 

larch 

Lpril 

liay 

^ine -  - 

fuly -.. 

lugnst 


Maximiim. 

Minimum. 

Mean. 

Socond- 

feet  i)er 

square 

mile. 

Depth  in 
inches. 

4,040 

1,880 

3, 176 

0.73 

0.84 

3,000 

1,430 

2,489 

.57 

.59 

13,340 

700 

4,805 

1.10 

1.27 

76,590 

11,600 

41,130 

9.39 

10.47 

30, 570 

5,140 

15, 169 

3.46 

3.99 

15, 250 

5, 140 

8, 2.35 

1.88 

2.10 

9,080 

2,810 

5,122 

1.17 

1.35 

6,480 

1,840 

4,178 

.95 

1.10 
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Enthnaieil  mmithly  discharge  of  Kenneltec  River  at  WaterriUe,  Jtff.-C'jn±i>: 


Month. 


September 
October . . . 
November. 
December . 


1901. 


Diflchargpe  in  second-feet. 


T 


Maximnm.    Minin:>uin. 


Mean. 


BnH!? 


I  fcetprt"   I»r 
i    iqoftrc     ■'' 
I     mile. 


The  year 


4,760 

6,680 

3,710 

46, 750 

76, 590 


750 
670 
480 
170 


1902. 


Jantiary  .. 
February  . 

March 

April 

May 

Jnne 

July 

August  ... 
September 
Oc'tolHjr  _ .  _ 
November. 
December . 


10,510 

4,840 

57, 970 

47, 870 

;u,4io 

;«,  940 
13,200 
12, 670 


7, 570 


24,980 
8, 02O 
6,930 


Tho  year 


57, 970 


170 

9(K) 
2,100 
11,790 
18,430 
5,560 
8,400 
4,500 
1,860 
1,580 
1,750 
3,040 
1,020 

900 


2,821 
2,925 
2,405 
7, 527 

8,332 


3,856 
3,800  1 
28,768 

22, 191 
16,  STS 
15,260 
7,840 
5,057  , 
4,218  ' 
5,255 
4, 517  , 
4,346 


M 

.6: 

..V) 

i.»« 


.8> 
.s: 

6.  'u 

5.o: 

l.T) 

.% 

1.2«i 

l.ftj 


10,165  I       2.:C 


C^ARRABASSKTT  RIVER  NEAR  NORTH  ANSON,  MK. 

This  river  enters  the  Kennebec  f  n)m  tlie  west  at  North  Aiim^d.  i ' 
basin  has  steej)  slopes,  partly  in  farm  lands,  with  no  larg«'  ^.v^: 
reservoirs.     Dams  have  been  constructed   and  power  usod  a!  ^ 
Portland,  East  New  Portland,  and  North  Anson.     On  0<nol»^r 
](H)1,  a  gaging  station  was  established  on  the  Carrabasseit,  i '- " 
west  of  North  Anson,  by  N.  C.  Grover.     The  station  is  locaU^l  j'» 
Embden  Brook  and  below  Anson  Brook.     The  drainage  area  > 
square  miles  at  this  point.     The  gaging  is  made  from  a  Ixvat  h». 
position  by  a  manila  rope  stretched  across  the  stream.    Tlie  .£3- 
a  vertical  rod  graduated  to  feet  and  tenths,  and  referriHl  to  a  ^^^ 
mark  on  a  blazed  spruce  tree  40  feet  from  the  gage.    The  flt-^s* 
of  bench  mark  is  10.78  feet  above  the  zero  of  the  gage.    The  jTir'- 
read  every  morning  by  N.  Q.  Hilton,  a  farmer  in  North  Ansot  ^  | 
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ZHscharge  measurements  of  Carrabassett  River  near  North  Anson,  Me, 


Etate. 


H  y  drographer . 


N.  C.  Grover 


1902. 

ne  27 

ly  30 F.E.Pressey 

;tober30 do 

Do do 

•tober  31  _  - ' do 

>veinber  1 ' . .   .  .do 

Do do    

3veinber  2 do    

ovember  3  _ .do  _ 


! 


height. 

Discharge. 

Feet. 

Sec./t. 

4.3 

4,168 

0.6 

192 

2.48 

1,812 

2.68 

2,120 

2.00 

1,869 

1.60 

1,129 

1.60 

1,083 

1.42 

882 

1.85 

851 

Daily  gage  height,  in  feet ^  of  Carrabttssett  River  near  North  ArLson,  Me, 


Day. 


Jane. 


19Qe. 


1 

'.  ^     ......,_____....._... .......... ...1 

» ._ - 

►. .. 

f 

L. 

1 

). 

1 

I 

> 

3 A ., ■ 

1 1 

5 

« 

7 

8 

' j 

9 

JO 

n 

s 

s 

»4 

.......................... ...-|. ...--.. 

5 

36 

4.80 

J7 

4.90 

28 

3.10 

» 

2  20 

30 

1.70 

31 

July. 


1.40 
1.80 

i.eo 

1.60 

1.30 

1.10 

1.00 

.90 

.80 

.80 

.90 

.70 

.70 

.60 

.eo 

.00 
.90 
.M 
.50 
.60 
.60 
1.00 
1.00 
.80 
.80 
.70 
.00 
.00 
.60 
.60 
.50 


Aug.      bcpt. 


0.40 

.40 

l.fiO 

1.20 

1.00 

.90 

.80 

.80 

.80 

.80 

.70 

.90 

.90 

,70 

.60 

.60 

.50 

..W 

.50 

.30 

.30 

.30 

6.40 

3.60 

2.30 

1.60 

1.40 

1.10 

1.00 

.80 

.70 


0.70 

.80 

.70 

.70 

.90 

.80 

.70 

.90 

.80 

2.80 

1.90 

1.40 

1.20 

2.80 

2.10 

1.60 

1.30 

1.10 

1.00 

1.40 

1.10 

1.10 

1.00 

1.10 

.90 

.80 

.80 

.80 

1.00 

1.00 


(X;t.    ;  Kov. 


0.90 

1.10 

1.00 

.90 

.80 

1.20 

1.70 

1.30 

1.10 

1.10 

1.00 

.90 

.90 

.90 

1.00 

.90 

.80 

.80 

.80 

1.40 

1.60 

1.30 

1.10 

1.10 

.90 

1.00 

.90 

1.50 

4.30 

2.60 

2.00 


1.70 
1.60 
1.40 
1.30 
1.20 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
l.QO 
1.10 
1.10 
1.40 
1.50 
1.60 
1.30 
1.20 
1.20 
1.20 
1.10 
1.20 
1.10 
1.10 
1.00 
1.00 
1.10 
1.00 
1.00 


Dec. 


1.00 
1.00 

.90 
1.00 
1.10 
1.10 
1.20 
1.20 
1.10 
1.10 
1.10 

.90 
1.10 


<■  Frozen  December  14  to  31. 
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Mi    1 


Hdtituj  table  for  CarrabasJtett  River  near  North  AruKfu.  Mf.^for  ir^fJ. 


heignt. 


DiHchaw.  i    j»i^^   '  DtochTge-  ;    heX-     ^^-^^^ 


Feet.      \Serond-feet. 


0.4 
.6 
.8 
1.0 
1.2 
1.4 
1.6 


70 
192 
365 

rM 

715 

885 

1,060 


h^t.     «**«^^ 


Feet.       Second' feet.        Feet. 


1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 


1,235 
1.400 
1 ,  575 
1,750 
1,950 
2,160 
2,400 


3.2 
3.4 
3.6 
3.8 
4.0 
4.3 
4.4 


Serond-fert. 
2,665 
2,935 
3,210 
3.480 
3, 755 
4,030 
4,300 


4.6 

4.8 
5.0 


4.-i« 

4.S4I* 
5,  !'■» 


Estimated  monthly  (Uncharge  of  Carrabassett  River  near  North  Anton.  Jtft 

[Drainaife  area,  340 square  miles.] 


Month. 


Discbarge  in  neoond-feet. 


Haxiinnin.     Minimnm. 


11 


Rim-oof. 


Serood- 

feet  per     I>r??^  ^ 

mile. 


1902. 

Jniie  26  t()  30 

July 

August 

Septeml)er  . 

October . . 

Noveinl)er. 

Deceml)er  1  to  13  «, 


1,235 
6,920 
2,160 

1,850 

1,145 

715 


130 

45 

275 

540 
450 


«•  3,012 
408 
713 
716 
763 
70:i 
ft  595- 


^8.86 
1.20 
2.10 
2.11 
2.24 
2.07 

''1.75 


l.C 


.   » 


-:  !• 


"  CJajfe  frozen  remainder  of  month. 


frP9artial  moeth 


DEAD   RIVER   NEAR  THE   FORKS,  ME. 


This  tributary  of  the  Kennebec  Jitis  its  headwat<irs  in  the  niouuu'^.- 
between  Maine  and  Canada  and  flows  in  a  general  easterlj^  dirwti'«. 
entering  the  Kennebec  at  The  Forks.     Its  basin  cont^iins  S70  sqa^r^ 
miles  and  is  40  miles  in  extreme  lengtli  by  30  in  width  and  alin<^ 
wholly  wooded.     Through  a  large  portion  of  its  length  the  river  fl<'«' 
through  swamps;  in  its  lower  course  it  has  considerable  fall.    Tl- 
only  dams  on  the  stream  are  owned  by  the  log-drivinj?  companies,  a^ 
the  gates  ai'e  kept  open  aftier  the  drive  is  out  of  the  river.      A  g»£ri^- 
station  was  established  on  Dead  River  near  The  Forks  on  Sepiero^ 
29, 1001,  by  N.  C.  Grover.     The  station  is  1^  miles  west  of  The  Fork* 
and  is  reached  by  private  conveyance.     The  measurements  are  nw  • 
from  a  car  suspended  from  a  steel  cable.     There  are  two  gages,  «'i' 
on  either  bank.     The  gage  on  the  right  bank  is  a  vertie^il  rod  gr.* 
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ated  to  feet  and  tenths  and  referred  to  two  bench  marks.  One  is  on 
he  right  bank  on  the  top  of  large  bowlder  at  end  of  wharf  on  which 
age  is  placed;  its  elevation  is  4.48  feet  above  the  zero  of  the  gage, 
"•he  other  is  on  the  left  bank,  200  feet  above  the  gage,  on  the  top  of 
owlder;  its  elevation  is  10.80  feet.  The  gage  on  the  left  bank  is  an 
nclined  rod  graduated  to  f oet  and  tenths  of  vertical  elevation,  and 
eferred  to  one  bench  mark  marked  by  a  cross  on  a  granite  bowlder 
lear  the  gage;  its  elevation  is  5.55  feet  above  the  zero  of  the  gage, 
^he  channel  is  straight  for  500  feet  above  and  below  the  cable,  the 
urrent  swift.  The  banks  are  rocky,  though  subject  to  overflow  at 
he  time  of  highest  water.  The  bed  is  rocky  and  permanent.  The 
:age  is  read  twice  daily,  G  a.  m.  and  6  p.  m.,  by  Jeremiah  Durgin,  jr., 
.  farmer  at  The  Forks. 
The  following  discharge  me  surement  was  made  during  the  year 
901  by  N.  C.  Grover: 

September  29;  Gage  height,  0.40  foot;  discharge,  235  secM^nd-feet. 
Daily  ytige  Jieight,  in  feet,  of  Dead  River  near  Tlie  Fork  t ,  Mt*. 


Day. 


June.  !  July.  ,  Aag. 


1 

1902. 

1 

2 

3 ' 

4 ' 

5 .. ' 

6 ' 

1 
1 . . ....  

8.                        . 

9 

10 

11 

12...                  

13 ' 

U 

15 

16......  :... : ' 

17 

1« 

19 

20 

• 

21 

s : ' 

Zi 

24 

a5 

i.eo 

«. ... 

2.00 

27 

8.30 

28 

^ 

3.20 

29 

4.15 

30 

3.20 

«-... 

2. 

•> 

«^« 

1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 

1. 
t 
1. 
1. 
1. 
1. 
1. 
1. 


1. 
1. 
1. 
1. 
I. 
2. 
2. 


57 

10 
85 
55 
70 
50 
40 
40 
30 
10 
00 
80 
20 
15 
10 
10 
10 
10 
10 
00 
85 
70 
70 
90 
00 
10 
20 
45 
65 
00 
10 


2.35 

2.25 
2.20 
1.S5 
1.80 

i.eo 

1.50 

1.40 

1.40 

1.35 

1.23 

1. 10 

1.00 

.90 

.80 

.70 

1. 10 

1.00 

1.00 

1.00 

.90 

.80 

.70 

1.00 

1.80 

1.50 

1.80 

1.20 

1.10 

i.(rj 

.90 


Sept.  I    Oct. 


Nov. 


De<; 


0.80 
.90 
1.00 
1.10 
1.15 
1.00 
1.10 
1.00 
.90 
1.00 
1.10 
1.45 
1.75 
1.80 
1.70 
1.60 
1.50 
l.CS 
1.00 
1.75 
1.75 
1.80 
1.70 
1.65 
1.35 
1.20 
1.10 
1.10 
1.10 
1.00 


1.00 

1.00 

.90 

.90 

1.00 

.90 

1,15 

1.C5 

1.55 

1.50 

1.80 

1.25 

1.45* 

I.eo 

1.60 

I.eo 

S.00 
1.50 

1.00 
1.00 
.90 
.90 
1.00 
1.10 
1.15 
1. 10 
1.20 
1. 00 
1.50 
1.85 


2.40 

1.00 

1.J5 

1.00 

1.75 

1.20 

1.75 

1.23 

1.55 

1.10 

1.45 

1.00 

1.35 

(^) 

1.80 

1.25 

1.10 

^  ~  "  * 

1.00 

1.40 

1.80 

1.90 

1.10 

1.85 

1.2D 

1.70 

1.2D 

1.90 

1.10 

1.8) 

1.10 

l.GO 

1.20 

1.C5 

1.20 

1.55 

1.30 

1.50 

1.45 

1.50 

1.50 

1.40 

1.50 

i.:)o 

1.50 

1.30 

1.50 

1.20 

1.40 

1.10 

(") 

1.05 

l.(X) 

1  Frozen  December  7  tc>  13  and  28  to  81. 
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[90  ft 


MOOSE  RIVER  NEAR  ROCKWOOD,  MK. 

This  Htation  was  established  September  7,  1902,  by  X.  C.  Grovi^r. 
It  is  located  4  miles  west  of  Kineo,  Me.,  2  miles  from  the  mouth  t,i 
the  river,  and  is  reached  by  steamer  on  the  lake  and  rowboat  on  th? 
river.  The  drainaj^e  basin  is  680  square  miles  at  this  jwint.  Meav 
urementA  are  made  from  a  car  suspended  from  a  st-eel  cable.  TV 
initial  i)oint  for  Houndings  is  on  the  right  bank,  1  foot  from  ahirtb 
tree,  to  which  the  tag  line  and  cable  are  attached.  The  ga^  i^  a 
painted  post,  graduated  to  feet  and  tenths,  driven  into  the  clav  b^i  nf 
the  river,  and  braced  from  several  trees.  For  hi^h-water  stages  a 
gage  is  placed  on  a  fir  tree  about  20  feet  upstream  from  the  low-waiter 
gage.  The  gage  is  read  daily  at  7  a.  m.  and  4  p.  m.  by  Peter  C«lla- 
ghan.  The  channel,  both  above  and  below  the  station,  is  stnight. 
the  banks  are  high  and  rocky,  and  the  bed  of  the  stream  is  rocky. 
The  l)ench  mark  is  a  horizontal  mark  on  the  fir  tree  behind  and  cm  a 
level  with  the  10-foot  mark  of  the  high-water  gage. 

During  1902  the  following  measurementiS  were  made  by  F.  t 
Pi^essey ; 

September  7:  Gage  height,  2.4  feet;  discharge,  385  8ecx>nd-feet. 
November  28:  Gage  height,  3.9  feet;  discharge,  1,168  second-feet. 


Daily  gage  height,  in  feet,  of  Moose  River  near  Rockuxxxl,  Me.^  for  l^ji. 


Day. 


Sept. 


1  

2 r;::;:;; 

3 1 

4 ' 

5 1 

1 
0 

i 

2.40 

8 

2.40 

9 

10 

2.40 
2.  SO 

11 

2.60 

12 

2.eu 

13 

2.00 

U 

2.75 

15 

2.85 

16 

2.90 

Oct. 

3.00 
3.00 
3.60 
8.45 
3.40 
3.40 
3.40 
3.50 
3.50 
3.45 
3.40 
3.40 
3.30 
3.30 
3.30 
3.30 


4.60 
4.60 
4.50 
4.40 
4.35 
4.90 
4.20 
4.20 
4.05 
4.00 
3.90 
3.85 
3.80 
3.80 
3.80 
3.80 


Dec. 

3.50 
3.50 
8.60 
8.40 
3.40 
8.40 
3.85 
3.25 
3.15 
3.10 
3.00 
2.95 
2.90 
2.90 
2.80 
2.80 


Day. 


Sept. 


17 

3.tt> 

18 

,   3.90 

19 

2.90 

20 

'   a  10 

21 

3.10 

22 

3.10 

23 

3.70 

24 

26 

3.80 
3.80 

26 

3.80 

27 

3.80 

28 

29 

8.75 
3.70 

30 

3.70 

31 :. 

Oet. 


Not.  1   Dir 


3.30 

as  I 

3.30 

a40 

3.45 

a45  i 
aso 

3.  so 

aso  , 
a45  - 

3.40 

aao 

4.05 
4.4r> 

4.00 


31 90 

3. 90 

z.m 

3L90 
3.90 
3.90 
3.90 
3.K» 
3.8n 

3. 73 
379 


3.«) 


1* 
•  «»■ 

2* 


1 


ROACH  RIVER   AT  ROACH  RIVER,    MK. 

This  Stream,  entering  Moosehead  Lake  from  the  east,  rises  in  i^-^ 
highland  region  of  Maine,  its  basin  being  well  wooded  and  containic:: 
several  ponds  of  considerable  size.  At  the  foot  of  Lower  Roach  ?!»&! 
is  a  darn,  owned  by  the  log  drivers,  which  controls  the  flow  of  tn- 
river.     The  drainage  area  of  the  river  at  this  point  is  85  square  miles 
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rhe  station  at  Roach  River  was  established  November  10,  1901,  by 
S.  C.  Grover.  It  is  reached  by  stage  from  Lily  Bay.  The  gage  is  a 
vertical  rod  spiked  to  the  timber  retaining  embankment  on  the  right 
lank  of  the  stream.  It  is  divided  into  feet  and  tenths  and  referred 
;o  a  bench  mark,  a  cross  on  the  top  timber  to  which  the  gage  is  spiked, 
:he  elevation  of  this  mark  being  9  feet.  The  gage  is  read  twice  daily, 
it  9  a.  m.  and  3  p.  m.,  by  C.  H.  Sawyer,  hotel  keeper. 

During  1902   the   following  measurements   were  made  by  F.  E. 
Pressey : 

September  2:  Gage  height,  2.50  feet;  discharge,  112  second-feet. 
September  2:  Gage  height,  2.70  feet;  discharge,  200  second-feet. 
September  2:  Gkige  height,  2.00  feet;  discharge,  286  second-feet. 
September  3:  Gktge  height,  2.30  feet;  discharge,  72  second-feet. 
September  3:  Gage  height,  2.11  feet;  discharge,  33  second-feet. 

Daily  gage  height,  in  feet,  of  Roach  River  at  Roach  River,  Me, 


Day. 


1.... 

1902. 

2 

3 

4 

5 

6 

7 

8 

9 

10 ; 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 _.. 

28 

23 

1 
34 

25 

28 , 

1 

27 

28 

2B 

30.... 
81.... 
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STREAM   MEASUREMENTS   IN    1902,   PABT  1. 


scfi 


Rating  table  for  Roach  River  at  Roach  River,  Me.  ^  for  750?. 


hSsa.  1  '««'-'««•  &t. 


F^ei. 


" 

2.1     , 

31 

2.2     j 

48 

2.3 

67 

2.4 

90 

1 

118 

2.6     ! 

156 

2.7     1 

1 

?00 

2.8 
2.9 
8.0 
8.1 
3.2 
3.3 
8.4 


r 


Dieobarge. 


Second-feei. 

F^i. 

244 

3.5 

286 

3.6 

328 

3.7 

370 

3.8 

412 

3.9 

454 

4.0 

496 

4.2 

Discharge      ^^    Ifedir 


Secotul'/eet. 

nss 

580 
622 
664 
706 

748 
832 


Feet. 

Saooa^trt 

4.4 

9i« 

4.6 

.      l.W' 

4.8 

l.N 

5.0 

1.1^ 

5.2 

,      1.35^ 

5.4 

1,» 

5.6 

1.4Ji 

Estimated  monthly  discharge  of  RocLch  River  at  Roach  River.  J/i'. 

[Drainage  area,  85  square  miles.] 


Montti. 


1901. 
November  10  to  30. 
December 


1902. 


January  . . 
February  . 

March 

April  ...   . 
May  _  . . . . 

June  - 

July 

August  ... 
September 
October . . . 
November 
Deceml)er  . 


Discharge  in  second-feet. 


lUuhofi. 


Maximnm.  I  Minimnm.  ]      Mean. 


Second- 
feet  per    Depci 


aqnare 
mile. 


lara 


601  ^ 


61 


370 

286 

1,315 

1,294 

1,420 

328 

244 

118 

118 

67 

118 

118 


156 

156 

48 

67 

48 

118 

•48 

57 

67 

67 

67 

48 


53 
361 


0.6:» 
3.07 


273 
202 
432 

750 
687 
207 
227 
116 
88 
67 
116 
102 


3.21 
2.38 
.5.08 
8.82 
8.08 
2.44 
2,67 
1.36 
1.04 
.79 
1.36 
1.20 


0.^ 


2.:; 


12" 


Tbe  year 


1,420 


48 


272 


3.20       43  <: 


COBBOSSEECONTEE  RIVER   AT  GARDINER,  ME, 

Cobbosseecontee  River  drains,  a  group  of  lakes  lying  from  ."i  to  .' 
miles  westerly  from  Augusta,  and  empties  into  the  Kennebei'  C*  mii-" 
below  that  city  at  Gardiner,  its  drainage  area  amounting  U)  abooi  :v 
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qiiait?  miles.  From  the  ordinary  surface  of  Lake  Maranacook,  one 
f  the  upper  lakes,  to  mean  tide  at  the  mouth  of  the  river  the  fall  is 
OG  feet,  aiid  in  the  lower  three-fourths  of  a  mile  it  is  said  to  be  136 
eet.  From  above  the  uppermost  of  the  8  dams  controlled  by  the 
lardiner  Water  Power  Company,  which  are  in  the  latter  three-fourths 
f  a  mile,  the  municipal  water  supply  for  Gardiner  is  drawn  and 
lumiied  by  water  power.  Record  is  kept  of  the  water  pumped  and 
f  the  water  that  passes  the  dam  through  a  waste  gate.  The  sum  of 
hese  quantities  represents  the  yield  of  the  drainage  area  at  the  upper 
iani,  records  of  which  have  been  kept  by  the  Gardiner  Water  Power 
^ompany  for  a  series  of  years,  and  have  been  furnished  to  the  Survey 
>y  their  engineer,  A.  H.  Twombly.  The  record  for  1902  is  presented 
n  the  accompanying  table.  On  Sundays  and  on  legal  holidays  the 
rates  are  closed  and  no  water  is  permitted  to  run  unless  the  lakes  are 
uU.  TJiis  is  a  most  remarkable  example  of  the  regularity  of  flow 
hat  can  be  obtained  with  proper  storage. 

Mean  daily  flow,  in  second-feet,  of  CoWoaseeeontee  River  at  Gardiner,  Me, 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1 

Sept. 

Oct. 

Nov. 

! 

Dec. 

1902. 

■ 

■ 

1 

1 

500 
348 

46:^ 
280 

2,400 
2,400 

l,80tJ 
1,748 

713 
71iJ 

0 
280 

280 
280 

280 
280 

280 
280 

280 

280 

270 
0 

270 

2 

270 

3 

294 

280 

2,222 

1,503 

660 

280 

280 

0 

280 

280 

270 

270 

4 

2H0 

280 

1,702 

1,540 

566 

280 

20 

280 

280 

280 

270 

270 

5 

0 
280 

280 
280 

1,583 
1,370 

1,390 
1,071 

514 
465 

280 
280 

21 
0 

280 
280 

280 
280 

0 

280 

270 
270 

270 

6 

270 

1 

280 
280 
280 

280 
280 
280 

1,186  , 
1,017  ' 

878  ' 

848 
280 
280 

415 
303 
373 

280 

0 

280 

280 
280 
280 

280 
280 
280 

0 
280 
280 

280 
280 
280 

270 

270 

0 

0 

8 

270 

9.. 

270 

10 

280 

280 

878 

:«4 

306 

280 

280 

0 

280 

280 

270 

250 

11 

280 

280 

1,065 

705 

280 

280 

280 

280 

280 

280 

270 

250 

UJ.. 

0 

280 

I.IU  ' 

819 

280 

280 

280 

280 

280 

0 

270 

250 

13 

280 

280 

1,314 

1K7 

280 

280 

0 

280 

280 

280 

270 

250 

U 

280 

280 

1,267 

900 

280 

280 

280 

280 

0 

280 

270 

0 

15 

280 

280 

1,017 

706 

280 

0 

280 

280 

280 

280 

270 

250 

16 .   .. 

280 

280 

746 

584 

280 

280 

280 

280 

280 

270 

0 

250 

17 ' 

280 

280 

fiii 

531 

280 

280 

280 

0' 

280 

270 

270 

250 

\R 

280 

280 

hA%i 

465 

0 

280 

280 

280 

280 

270 

270 

250 

19 

0 

280 

1,287 

488 

280 

280 

280 

280 

280 

0 

270 

250 

an.  ... 

280 
280 

280 
280 

1,531 
1,765 

488 
415 

280 
280 

280 

280 

280 

280 
280 

280 
0 

270 
270 

270 
270 

250 

21 

0 

a2 ' 

1,642 
1,446 

280 
280 
280 

1,702 
1.683 

1,478 

309 
360 
845 

280 
280 
280 

0 
280 

280 

28l> 
280 
280 

2^ 

280 

0 

280 
280 

280 

270 
270 
270 

270 

0 

270 

250 

23-  ... 

256 

24 

276 

25.... 

1,097 
924 
738 
776 
719 
479 
479 

280 
280 
2H0 

280 

1,370 
1,267 
l,l&i 
1,017 
789 
1.531 
1,531 

313 

313 

94 

387 

;«7 

.S50 

0 
280 
280 
280 
280 
280 
280 

280 
280 
280 
2H0 
0 
280 

280 

280 
0 
280 
280  J 
280 
280 

280 
280 
280 
280 
280 
280  ' 
0 

280 
280 
280 

0 

280 
280 

270 
0 
270 
270 
270 
270 
270 

270 
270 
270 
270 
270 
0 

40 

1 
26.. 

200 

«r... 

264 

2B... 

264 

29-... 

256 

ao... 

250 

... .- 

:u 

250 

_  .  .  . 1 
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40  RTRKAM   MBA8UBEMEIIT8    IN    1902,   PART  I.  .!»% 

ANDROSCOOGIX  RIVER  DRAIXAOK  BASIN. 

Androsco^ji^in  River  is  formed  by  the  junction  of  Ma^allovay  R;\>r 
and  the  outlet  of  the  Umbagog-Rangeley  lake8  near  the  Mainf-X^v 
Han]pshii*e  boundary  line.  For  about  35  miles  it  flows  soothviin. 
into  the  State  of  New  Hampshire,  then  turns  abruptly  to  the  »*** 
and  (lows  into  the  State  of  Maine,  then  turns  to  the  south  and  yiL- 
the  Kennebee  in  Merrymeeting  Bay.  The  last  fall  on  the  Andn^- 
eoggin  is  at  Brunswick,  Me.,  above  which  place  the  drainage arti  ^ 
3,470  square  miles,  about  80  per  cent  of  which  is  in  Mainr.  Tv 
greatest  length  of  the  basin  is  110  miles,  the  greatest  width  ToinlK 
while  the  river  itself  measures  about  200  miles  in  length  from  tb- 
sources  of  Magalloway  River  to  the  coast.  The  following  Uhh  ?ivr- 
the  drainage  areas  of  the  river  at  various  points,  and  some  of  i> 
chief  tributaries: 

Draifuige  areat*  of  Androticoggin  Rirter  and  principal  tHbutariei. 


River. 


Locllty.  ^- 


Androscoggin 


Immediately  below  junction  of  Umhagog  1  '* 

oatlet  and  Magalloway  River,  at  Errol 
!      Dam. 

Do Berlin I- 

Do RnmfordFaUs -^ 

Do Dixfield '  ' 

Do Livermore  Falls _ -  ' 

Do Lewiston  Falls *  *' 

Do Bmnswick -  ^ 

Umbagog  Ontlet Immediately  above  jonction  with  Magallo- 

I      way  River 

Magalloway J  Month 

Little  Androscoggin  . .   . ' do 


The  lower  part  of  the  basin  is  hilly  and  moderately  wooded,  v^- 
the  upper  two-thirds  is  broken  and  mountainous,  heavily  timber^ 
and  with  a  gravelly,  sandy  soil.     Granite,  gneiss,  and  mica-seh.*- 
abound  along  the  main  course  of  the  river,  with  clay  slate  in  > 
upper  part  of  the  basin.     The  river,  like  others  on   the  souths- 
slopes  of  Maine,  generally  has  a  rocky  bed,  particularly  where  h  * 
occur,  has  high  banks,  and   is  seldom  subject  to  overflow,  al^ 
which  are  features  of  advantage  in  the  development  of  water  po»'^ 
Below  Berlin  the  stream  is  nowhere  more  than   10  miles  froin  »^ 
road,  and  for  considerable  portions  of  its  course  it  is  immeduiif- 
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rted  by  railroads.  Tide-water  navigation  extends  about  6  miles 
►ve  the  mouth,  or  to  the  falls  at  Brunswick. 

ANDROSCOGGIN  RIVER  AT  DIXPIELD,  ME. 

Tiis  Station  was  established  August  22,  1902,  by  F.  E.  Pressey. 
s  located  about  one-half  mile  west  of  Dixfield,  Me.,  at  the  highway 
dge  on  the  road  between  Dixfield  and  West  Peru.  The  measure- 
nts  are  taken  from  this  bridge,  and  the  initial  point  for  soundings 
it  the  lower  end  of  the  inclined  end-post  on  the  left  bank  of  the 
er.  The  gage  is  of  the  usual  wire  type;  the  scale  board  is  gradu- 
td  to  feet  and  tenths,  and  is  nailed  to  the  guai*d  timl>er  of  the  lower 
e  of  the  bridge.  The  gage  is  read  daily  at  7  a.  m.  and  5  p.  m.  by 
F.  Robinson.  The  channel  at  this  point  is  about  600  feet  wide; 
5  current  is  swift  in  the  left  half  and  sluggish  in  the  right  half, 
le  bed  of  the  stream  is  rocky  in  the  left  half  and  sandy  in  the  right 
If.  The  bench  mark  is  located  on  the  north  abutment  at  the  south- 
st  corner  of  the  bridge  seat  and  has  an  elevation  of  24.77  feet  above 
e  zero  of  the  gage. 

During  1902  the  following  measurements  were  made  by  F.  E. 
•essey : 

Angxist  23:  Gage  height,  8.^  feet;  discharge,  4,665  aecond-feet. 
September  18:  Gage  height,  8.38  feet;  discharge,  3,013  second-feet. 

Daily  gage  height ^  in  feet,  of  Androscoggin  River  at  Dixfield,  Me.,  for  1902. 


>ay.     i   Aufif.  I   Sept. 


7.55 

8.15 

7.95 

-   1 7.90 

'  - 8.00 

8.06 

'. 8.15 

8.15 

» 8.10 

• 9.00 

9.05 

J 8.eo 

J 8.40 

1 9.10 

5 8.85 

« 8.66 


Oct. 


8.80 
8.80 
8.66 
8.45 
8.55 
8.80 
8.85 
8.50 
8.25 
8.10 
8.15 
8.05 
7.75 
8.25 
8.80 
8.15 


Nov. 


Dec. 

Day. 

Aug. 

8.55 

17 

8.60 

18 

8.60 

19 

8.45 

20 

8.40 

21 

7.70 

22 

8.25 

8.05 

23 

9.05 

8.65 

24 

9.40 

(«) 

25 

8.90 

» 

8.56 

...J 


27 

8.45 

1 

28 

8.30 

- 

20 

8.25 

1 

;« 

8.15 

1 

1 

1 

31 

i 

8.10 

9.55 
9.35 
9.20 
9.00 
8.85 
8.70 
8.70 
8.60 
8.70 
8.50 
8.50 
8.50 
8.65 
8.80 
8.90 
8.95 


«  Frozen  December  9  to  31. 


Sept. 

Oct. 

Nov. 

Dec. 

8.35 

8.05 

8.95 

(") 

8.35 

8.00 

8.90 

M.20 

8.10 

8.90 

8.65 

8.10 

8.05 

8.55 

8.65 

8.90 

8.45 

8.45 

8.90 

8.35 

«.30 

8.95 

8.40 

8.30 

8.a5 

8.40 

8.25 

8.76 

8.25 

8.40 

8.70 

8.40 

8.15 

8.70 

8.50 

9.45 

8.65 

8.60 

11.35 

8.50 

8.60 

9.95 

8.70   

9.70 

.-_-.... 

. ...... 

ANDROSCOGGIN   RIVER   AT   ERROL  DAM,  NEW   HAMPSHIRE. 

Errol  dam  on  the  Androscoggin  River  is  the  last  one  of  the  series  of 
storage  dams  in>  the  Rangeley  Lakes.  It  is  below  the  mouth  of  the 
Magalloway,  and  consequently  stores  the  flow  of  that  river  in  ITmbagog 
Lake.    The  total  run-off  from  the  basins  of  the  Magalloway  and  of 
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the  Umba^TOK-Ra^K^l^y  system  must  X)ass  through  this  dnm.  Tl-' 
basins  ag^n^gate  1,090  square  miles  in  area.  The  United  Statt^<»- 
logieal  Survey'  ecMiperatiug  with  Walter  II.  Sawyer,  agent  for  '!- 
Union  Water  Power  Company,  of  I^ewist^in,  Me.,  has  b^^na^-- 
of  nieasui*ements  of  the  flow  through  the  gates  at  Errol  dam.  T'- 
teen  measui*ements  of  the  flow  at  diflferent  gat43  openinp;  havt  !►* 
made,  but  the  results  are  not  yet  available  for  publication.  A»^- 
tinuous  reconl  of  gat-e  oi>ening  is  kept,  and  when  a  sufficient  nuLi-- 
of  measurements  have  l)een  made  to  give  a  rating  for  the  jrat*-.  • 
constant  record  of  flow  will  be  available. 

ANDROSCCKJOIN   RIVER  AT   RUMFORD    FALLS,  ME. 

At  Rumfoi-d  Falls  there  is  one  of  the  finest  water  i>i)wers"!i' 
Atlantic  coast.     Here  the  Androscoggin  deseends  177fe<*t  in'i; 
in   several    pitches  over  granite   ledges.     A  comprehensive  \hf 
<levelopment  has  been  laid  out  and  partially  oxeeuttHl.    It  nmirv 
plates  the  use  of  power  from  three  levels — a  high-level  canal.  ^ 
a  fall  of  97  feet,  to  the  middle  level,  the  latter  receiving  alsDadi:* 
and  indei)endent  supply  of  water  from  the  river,  the  water  to  l^^-v 
from  the  middle-level  canal  and  discharged,  after  a  fall  cif  >  f- 
into  the  low  level,  from  which  in  turn  there  is  a  final  drtipof  -i''^ 
to  the  river.     Dams  have  been  built  at  the  entrance  of  the  hi;:ha 
middle  level  canals.     Water  for  power  was  first  used  in  imi^tfl^- 
amounts  in  the  summer  of  1893,  and  its  use  •increast^d  fniintin.-' 
time,  so  that  at  present  about  19,0("M)  horsepower  is  in  use,  the  :r^s  -' 
part  being  utilized  in  the  manufacture  of  pulp  and  paiKT.    If  ■ 
entire  fall  of  177  feet  were  utilized  tliere  would  l)e  available,  at  Fk- 
font  Falls,  fn>m  30,(K)()  to  54,000  hoi'seiK>wer.     This  power  is  >''r.-  * 
by  rail,  from  l*ortland,  and  for  pulp  and  paper  manufacture  ha-* 
advantage  of  excellent  transportation  facilities — Andro8cogsri»iI»    ' 
for  floating  down  pulp  wood  and  timber  from  the  headwaters  l" 
mills,  and  the  Rumford  Falls  and  Rjingeley  Lakes  Railroail,  ex:*- 
ing  into  the  forests,  with  a  contemplat<>d  extension  into  the  Mo' 
region  which  will  make  available  additional  spruce,  poplar,  and  '■• ' 
forests.     Altogether  Rumford  Falls  possesses  the  greatest  water i^" 
in  the  New  England  States.     Much  of  it  is  now  unutilize<l,  but 
likely  that  before  long  the  city  of  Rumford  Falls  will  l>e  a  gn»at  n 
ufacturing  center. 

The  discharge  of  the  Androscoggin  River  at  Rumfonl  Falls- 
1892  has  been  computed  by  Charles  A.  Mixer,  resident  enirin»"»' 
the  Rumford  Falls  Power  Company.  The^e  figures  are  obtaint-. 
adding  the  actual  measured  quantities  passing  through  thewhe*l>  v 
the  computed  flow  over  the  dam,  using  the  customary  Franei>* 
formula,  and  they  have  been  published  from  time  to  time  by  thf  > 
vey,  and  a  conjplete  record  up  to  1902  will  be  found  in  Water-J^n; 
Paper  No.  09. 
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"ho  following  table  gives  the  record  for  the  year  1902: 

fii   (iaily  flow,  in  second-feet,  of  Androscoggin  River  at  Rumford  Falls,  Me. 


Day. 


Jan.  '  Feb.  ;  Mar 


.   I 


2,0P4 

3,137 
2.131 
2,835 

2,191 
3,195 
2.117 
3,130 
2.019 
2,087 
2,031 
2,023 
1,837 
1.716 
1,769 
1,997 

j  2,288 
1,962 
1.802 
1,900 
2,64a 
8,146 
5,714 
3,8S5 

I  3,167 
2,883 

'  2,718 
2,306 
2,474 
2J3St 


2,523  I  6,123 
2,108  10,482 
2,116  17,245 
2,0K>  '  10, 727 
2,068  :  6,218 


Apr. 


2,04:^ 
2,004 
2,044 
2,326 
1,979 
1.939 
1,787 
1,793 
1,778 
1,694 
1,690 


14 
13 
10 
8 
7 
6 
6 


4.598 
3,858 
3,787 
3,633 
3,2B6 
3,165 
3,626 
6,512 
8,528 
6,482 
5,664 
1,6U  11,173 
1,726  11,690 
1,846  7,501 
2.135  7,656 
2,524  11,126 
1,900  12,663 
1,819  12,858 
1,952  11,479 
2,574  8,775 
7,961 
17,774 
'  8,348  10 
13,178  '  9 
18,486  13 


2,436 
2,405 
2,479 


5 
6 
6 

m 
I 

10 
7 

m 
I 

10 


078 


May. 


14,680 
290  13,621 
C44  14,006 
627  11,862 
066  11,557 
186  11,281 
160  11.804 
817  11,156 
588  10,107 
980  8,840 
997  ;  7.483 
850  !  7,187 
900  0,662 
926  :  5,177 
401  4.362 
060  3,884 
948  '  3.851 
431  ,  3,215 
778  3,630 
978  3,583 
142  3,4f6 
700  3,700 
098  3,862 
266  !  4,417 
080  6,356 
716  7,645 
071  9,808 
308  17,5:fi 
566  |15,684 
493  12,077 
16.678  ' !  9.847 


June.  \  July.    Aug.    Sept.     0<?t. 


9,828 
9,801 
9,350 
9,014 
8,C61 
8,298 
7,.t07 
7,984 
0.202 
8,266 
7,21X5 
0,478 
0.764 
0.992 
0.019 
6,669 
7,. 385 
6,357 
4,866 
4,340 
4,295 
4,637 
4,709 
4,068 
8,934 
5,417 
6,987 
5.. 567 

3,r,7:j 

3.052 


4,170 


^.,808 
4,243 
4,243 
4,107 
3,8^ 
3,625 
3,507 


2,825 
2,427 
1,965 
2,239 
2,352 
2,379 


1,772 
1,781 
1,713 
1,711 
1,798 
1,882 
1.987 
2.066 


2,766 

4,618 

4,370 

3,715 

3,134 

2,757 

3,045 

3,196 

3,137  I  3.287  i  2,028 

2.974  ,  3,080  '  3,537 

n,  101 

3,5:^ 

3,476 

2,900 

2,903 

2.682 


2,371  I  2.506 


2,163 
1.662 
2,174 
2.734 
3,488 
3,657 
2,996 
2,583 
2,461 
2.138 
2.292 
2,213 
2,195 


2,630 
2,326 
2,382 
2,402 
2,682 
3,985 
3,446 
3.302 
2,741 
2.625 

O    R"K 

2.013 


2,047 
2.099 
2,550 
3.385 
3,184 
2,608 
2,439 
2.261 

2,.'ao 

2.730 
2.534 
2.585 
2,398 
2,372 
2,221 
2,465 
2,560 
2,731 
3,002 
2,829 


3.005 
3.174 
2.871 
2,649 
2,519 
2,575 
3,072 
2,424 
2.054 
1.C05 
1,978 
1.921 
1.040 
2,256 
2,000 
1,939 
1,853 
1,870 
1,958 
2,25:4 
2,792 
2.461 
2,.'^> 


Nov. 

4,552 

3,880 

3,rai 

3.278 
3,110 
2,797 
2,709 
2,728 
2.C49 
2,640 
e.GOtJ 
2,578 
2,»*)7 
2,923 
3,186 
2.971 
3.385 
3.179 
3,236 


Dec. 

2,036 
:i.Cfi6 
:3.000 
:},C83 
1.C86 
1,C18 

i,cni 

1,C50 
l,7{;i 
1.002 
2,nC4 
2,  LI 

i,o:.2 
i,r*.o 

2,C49 

2,a^ 

2.566 
3,0K3 
2.816 


3,2C7  j    2,012 
3,213  ;    2,055 


3,137 
2,936 


2.24:3  ;  3.083 
2,147  2,853 
2,010     2,789 


1,979 
0,986 
8.336 
5,415 


2.818  I 
2,794  I 
2.576 
2,414  1 


1,855    5.113 


2,821 
3,540 
3,277 
2,424 
2,  .506 
2,630 
2,277 
2,1:94 
2.444 
2,322 


KHtimated  monthly  discharge  of  Androscoggin  River  at  Rumford  Falls,  Me. 

[Drainage  area,  2.090  8quare  miles.] 


Diiw;harge  in  sec^ond-feet. 


Run-<»ff. 


Month. 


Maximum. 


Minimum. 


Mean. 


Second-   1 
feet  per     Depth  in 
square        inches, 
mile. 


1902. 
sinnary  _ 

ebrnary     

[arch - 

.pril 

lay 

une . .        . .     

uly 

luguat  - 

•eptember 

)ctober 

November...    

December 

Tha  year  . 


8,146 

1,716 

1 
2,551  ' 

1.22 

1.41 

2, 574 

1,644 

2, 053 

0.98 

1.02 

18,486 

3, 165 

8,718 

4.17 

4.81 

14, 078 

4,948 

7, 888  1 

3.  77 

4.21 

17,535 

3, 215 

8,440 

4.04 

4.66 

9,828 

3, 052 

6,604 

3.16 

3.53 

4,398 

1,663 

2,895 

1.39 

1.60 

4,618 

1,855 

2,978 

1.43 

1.64 

3, 537 

1,711 

2,438  1 

1.17 

1.81 

8,336 

1,853 

2,835 

1.36 

1.57 

4,552 

2,414 

3,031 

1.45 

1.62 

3, 540 

1.580 

2,329 

1.11 

1.28 

18,486 

1,580 

4.396 

1 

2.10 

28.66 
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PRESUMP8COT   RIVER. 

This  is  one  of  the  most  interesting  as  well  as  one  of  the  hest  vaW 
power  streams  of  its  size  in  the  United  States.  It  is  the  mM^ 
Sebai^o  Lake,  which  lies  abont  17  miles  northwest  of  Portland.  Ik 
lake  is  fed  by  Crooked  River,  a  stream  heading  35  miles  farther iMtt 
and  within  3  miles  of  the  Androsco^n.  The  area  of  the  lake  b^ 
square  miles,  the  area  of  its  drainage  basin  at  the  outlet  of  the  U- 
420  square  miles,  and  the  total  drainage  area  of  the  river  at  item^'T^ 
GOO  square  miles.  The  northern  part  of  the  basin  is  moDotAin  > 
and  wooded,  while  the  southern  part  is  moderately  hilly  and  ekmrv.! 
of  trees.  Granite,  gneiss,  and  mica-schists  appear  at  iiuuiTpio'v 
and  the  soil  is  gravelly  and  sandy. 

According  to  the  survey  made  by  Joseph  A.  Warren,  of  Camt-^r 
land  Mills,  the  fall  from  the  crest  of  the  stone  dam  at  the  f«*t  • 
Sebago  Lake  to  mean  low  tide  at  the  foot  of  Ihe  lower  falls  b^  'y-' 
feet  in  a  distance  of  21.65  miles,  or  an  average  of  12.25  feet  a  n.- 
In  the  lower  two-thii-ds  of  this  distance,  or  from  Gambo  Falls  t«i  •  > 
water,  nearly  one-half  of  the  whole  fall,  or  132  feet,  has  been  impM^'^ 
and  an  aggregate  probably  exceeding  6,000  net  horsepower  is  in  w 
The  remainder  of  the  fall,  however,  between  Gambo  Falls  and  S^l*c 
Lake,  amounting  to  133  feet,  is  either  unimproved  or  hut  sli^l' 
utilized.     At  Great  Falls,  in  this  stretch,  there  is  a  descent  of  ^  f*^' 
which  has  been  used  in  the  past  but  is  now  idle.     It  is  proposed,  h-^ 
ever,  to  employ  the  power  in  the  generation  of  electricity  for  dfl:^-^' 
in  Portland. 

The  tributaries  of  Presumpscot  River  are  not  of  much  imporun'^ 
but  some  of  them  are  outlets  of  ponds  and  have  oonsiderftblf  li 
thus  affording  constant  though  small  power.      Crooked  River,*' 
chief  feeder  of  Sebago  Lake,  has  a  number  of  falls,  some  of  vt  • 
are  utilized. 

The  chief  interest  attaching  to  the  river  is  its  r^j^larity  of  S  * 
which  is  due  to  dams  at  the  outlet  of  the  lake.     Nowhere  in  the  In  > 
States  is  there  a  better  example  of  the  success  of  storage  of  »»> 
and  regulation  of  the  flow  of  a  stream  than  on   the  PresumpH 
Since  January,  1887,  the  flow  from  Sebago  Lake  has  been  reguW 
recorded,  the  quantity  being  deduced  from  the  openings  in  the  p^" 
at  the  dam,  the  discharging  capacity  of  which  under  different  ns- 
tions  of  head  has  been  determined  and  tabulated  by  Hiram  F.  ^  " 
of  Lowell.     Since  January,  1872,  a  continuous  record  of  the  le^**' 
the  lake  surface  has  been  kept.     An  unusually  complete  and  valna 
series  of  data  has  thus  been  obtained,  which  has  been  furnishK 
the  United  States  Geological  Survey  by  S.  D.  Warren  A  Co.  ^ 
lake  fills  rapidly  after  the  first  of  March,  attaining  its  maiin 
height  between  the  middle  of  April  and  the  first  of  June,  and  u 
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lually  subsides  as  water  is  withdrawn  for  mill  purposes,  until  a 
iniiim  stage  is  reached,  sometimes  in  the  autumn,  but  usually  in 
winter.  The  records  of  the  daily  discharge  of  the  river  at  the 
let  of  the  lake,  published  in  Water-Supply  Paper  No.  69,  show  the 
^rkable  uniformity  of  flow,  which,  as  already  stated,  is  due  largely 
riilieial  regulation.  There  is  no  other  river  in  the  United  States 
<n  wbieh  so  small  variations  occur  thoughout  the  year.  On  Sun- 
B  the  ^ates  are  closed,  so  that  only  the  waste  is  allowed  to  reach 
river.  . 
he  following  table  gives  the  record  for  the  year  1902: 

n  daily  flow,  in  second-feet,  of  Presumpscot  River  at  outlet  of  Sebago  Lake. 


Day. 

Jan. 

19()2. 

! 
607 

687 

• 

627 

9X7 

138 

720 

- 

730 

720 

720 

720 

720 

138 

717 

717 

717 

717 

717 
717 

133 

867 

367 

367 

733 

788 
793 

188 

743 

748 

74S 

748 

743 

Feb. 


.743 
133 
650 
660 
660 
660 
660 
660 
188 
747 
747 
747 
747 
747 
747 
150 
740 
740 
667 
007 
667 
067 
150 
333 
883 
667 
607 
667 


Mar. 

1 

Apr. 

667 

1,783 

167 

1,738 

337 

1,733 

OTJ 

1,733 

673 

1,733 

673 

1,738 

673 

7,000 

673 

6,670 

107 

6,670 

607 

6,670 

687  . 

6,670 

515 

6,170 

687 

6,170 

607 

5,000 

687 

5,080 

687 

5,000 

May. 


680 
660 
680 
600 
680 
080 
200 
967 
907 
067 
907 
907 
907 
400 
967 


8,680, 

4,370  > 

4,370 

4,370 

4,100 

4,100 

4,100 

4,100 

4,ia) 

4,100 

4,100  ' 

3,330 

3,380 

2,500 


060 
000 
080 
900 
660 
650 
660 
660 
660 
650 
650 
200 
200 
200 
200 
200 
200 
200 
607 
667 
667 
007 
687 
607 
667 
607 
607 
667 
607 
007 
067 


Jane. 

July. 

Aug. 

Sept. 

607 

583 

• 
607 

733 

583 

583 

607 

733 

583 

683 

667 

733 

583 

588 

667 

783 

583 

583 

607 

783 

583 

683 

007 

738 

688 

667 

067 

15() 

583 

607 

667 

733 

583 

007 

667 

733 

583 

067 

667 

733 

588 

OCT 

G67 

733 

588 

067 

067 

738 

568 

667 

007 

733 

583 

607 

067 

130  ' 

583 

667 

667 

733  1 

588 

607 

677 

783! 

583 

667 

607 

733  j 

588 

007 

747 

733 

583 

067 

747 

783 

563 

007 

747 

733 

583 

067 

747 

150 

583 

607 

747 

658 

583 

067 

747 

668 

683 

667 

747 

058 

683 

607 

733 

658 

588 

607 

733 

656 

588 

f67 

7:3 

658 

588 

067 

733 

150 

583 

007 

733 

067 

588 

667 

733 

007 

667 

150 

'l 

Oct. 

Nov. 

Dec. 

007 

775 

747 

067 

126 

747 

687 

mi 

747 

607 

860 

747 

133 

850 

747 

450 

900 

747 

450 

900 

117 

450 

900 

747 

700 

133 

747 

700 

763 

747 

700 

768 

747 

133 

763 

747 

087 

763 

747 

687 

703 

117 

687 

763 

575 

687 

n7 

575 

0K7 

757 

575 

0K7 

to* 

575 

133 

757 

r;75 

773 

757 

575 

773 

757 

117 

773 

757 

575 

773 

12"> 

575 

773 

747 

575 

773 

747 

575 

125 

747 

575 

817 

<44 

575 

583 

747 

117 

583 

747; 

575 

583 

117  1 

575 

583 

' 

575 
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Estimated  monthly  discharge  of  Presunipscot  River  at  imtM  of  SdxiQ"  Ui* 

Maine.. 

[Draiiumre  area,  420  Hquare  miles.] 


January . . . 
February 

March 

April     ,   . 
May  1  - 
June 

July  .         . 
Atirust  - . 
September 
Oc1x>ber  . . 
November 
December . 


Mouth. 


1902. 


The  vear 


Discharge  in  aecond-feet. 


I 


Maximiun. 


743 

747 

967 

7,000 

2,080 

667 

667 

747 

733 

817 

900 

'747 


7;ooo 


NoTK.— Minima  umially  ixsciirrect  on  Sunday. 


Minimum.  .       Me«n. 


133 
133 
167  , 
1,733 
667 
583  J 
583 
150  ' 
150 
125 
117 
117 


117 


602 
589 
671 
4,2a'> 
1,186 
586 
651 
681 
636 
598 
675 
583 

972 


BOBH^f 


8«ct3ed- 
feetper   1^7 
aqmrf     ^' 
mik. 


1.42? 

L4i'> 

1.60 

10.01 

1.40 

i.«e 

1.51 
1.4-2 
1.61 
1.39 


2.81 


t  J 


'  * 


CONNECTICUT  RIVER  DRAINAGE  BA8IN. 


CONNECTICUT  RIVER  AT   ORFORD,  N.  H. 


I  > 


This  river  has  its  source  in  Connecticut  Lake,  in  the  extreme  d 
ern  portion  of  New  Hampshire.  A  gaging  and  observation  sia-i' 
was  established  August  6,  1900,  by  E.  6.  Paul,  on  the  oovered  b -' 
way  bridge  over  the  river  between  Orford,  N.  H.,  and  Fairies,  ^ 
about  75  miles  from  the  source  of  the  stream.  The  gage  for  mat 
observations  of  the  variations  in  the  height  of  water  in  the  river  • 
sists  of  a  sealeboard  20  feet  long,  graduated  t^  feet  and  tenlfe  tv 
tened  liorizontally  to  the  inside  timbers  on  the  upper  side  'rf " 
bridge,  125  feet  from  the  left-bank  abutment,  and  a  st<*el  sush  rha 
running  over  a  side  pulley  with  a  5-pound  weight,  the  len|rth<*(; 
chain  from  the  extreme  end  of  the  weight  to  the  copi)er  riret  ma'* 
being  42.95  feet. 

The  observer  is  Frank  H.  Gardner,  of  Orford,  N.  H. 
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'he  following  discharge  measurements  were  made  during  1902  by 
irles  A.  Holden: 

April  10:  Gage  height,  11.63  feet;  discharge,  10,719  second-feet. 
November  22:  Gage  height,  6.80  feet;  discharge,  4,474  second-feet. 

Daily  gage  height,  in  feet, of  Connecticut  Rivi*r  at  Orford,  N.  H. 


Day. 

Jan. 

Feb. 

Mar. 

15.  50 
20.80 
27.50 
25.45 
23.75 
21.15 
17.70 
16.10 
16.00 
16.00 
16.30 
16.40 
16.90 
16.40 
16.10 

16.  CO 
16.00 
18.10 
16.00 
16.20 
16.20 
16.30 
16.30 
16.00 
15.90 

■  15. 10 

14.00 

,  12.20 

\  11. (X) 

13.80 

17.60 

Apr. 

18.30 
17.65 
15.80 
13.80 
12.00 
11.70 
11.20 
10.90 
10.70 

ii.ro 

12.80 
13.00 
13.70 
13.  CO 
12.80 
12.00 
10.20 
10.40 
10.70 
10.70 
10.90 
12.15 
12.50 
12.  CO 
12.80 
13.40 
'  14.80 
;  14.90 
15.00 
14.90 

1 

May. 

15.10 

14.90 

15.00 

14.10 

14.00 

10.80 

10.70 

10.05 

9.30 

9.10 

9.10 

8.50 

8.10 

7.40 

7.70 

7.90 

7.60 

7.30 

7.00 

7.10 

7.00 

7.20 

7.10 

7.90 

8.45 

9.90 

12.35 

21.  CO 

^.40 

20.00 

17.00 

June. 

15.20 

12.10 

10.70 

12.20 

12.60 

11.90 

11.70 

11.50 

11.00 

12.70 

12.10 

11.30 

10.50 

9.60 

9.40 

9.20 

12.00 

13.  CO 

14.30 

11.40 

9.  CO 

8.80 

8.40 

7.90 

7.50 

7.30 

9.00 

10.10 

10.  (X) 

9.50 



1 

July. 

8.30 
8.10 
8.50 
8.90 
8.00 
7.70 
7.10 
7.  CO 
6.80 
6.80 
6.60 
6.00 
5.70 
6.60 
5.40 
6.00 
6.30 
6.30 
6.40 
6.40 
6.50 
6.90 
7.30 
7.10 
7.00 
6.80 
6.40 
5.90 
5.60 

5.00 

■ 

Ang. 

4.60 
7.30 
8.70 
9.40 
8.40 
7.40 
7.20 
7.10 
7.00 
7.20 
7.00 
8.10 
10.00 
8.60 
7.20 
7.00 
6.70 
6.20 
5.60 
5^20 
4.90 
'  4.K0 
5.  CO 
6.70 
7.00 
7.90 
7.60 
5,30 
4.80 
4.70 
4.70 

Sept. 

4.60 
4.40 
4.50 
4.50 
4.70 
4.70 
4.50 
4.90 
5.40 
G.30 
7.10 
7.70 
7.60 
7.40 
7.  CO 
8.70 
6.60 
6.50 
5.20 
5.00 
6.80 
7.60 
7.«) 
6.  CO 
5.50 
5.60 
Ty.TQ 
5.60 
5.  GO 
5.50 

Oct. 

5.40 
5.20 
5.10 
4.80 
'5.00 
5.00 
5.00 
5.00 
5.10 
5.50 
5.60 
5.8r) 
5.60 
5.50 
5.40 
5.30 
5.30 
5-.  20 
5.20 
5.30 
5.W 
7.90 
7.40 
7.00 
6.60 
6.00 
5.60 
8.40 
16.60 
14.00 
12.40 

Nov. 

11.20 
9.80 
8.80 
8.20 
7.90 
7.40 
7.20 
7.00 
6.70 
6.40 
6.20 
6.00 
6.20 
7.40 
8.40 
8.50 
8.50 
8.00 
7.70 
7.10 
7.00 
6.80 
6.70 
6.80 
6.80 
6.60 
6.40 
6.30 
6.20 
6.00 

Doc. 

\«U. 

(«) 

5.90 

5.80 

5.80 

( 

5.90 

_ 1 

5.90 

8.90 

5.70 

6.10 
6.60 

6.70 

6.70 

1 

C*) 

' 

5.80 

—  - — 

7.00 

1 

1 

6.60 

1 

0.70 

7.10 

{^) 

J 

!    5.40 

6.40 

7.10 

1 

8.00 

'"'"         ■'       1 

7.40 

5.10 

(''> 

1 

. 

6.00 

f 

10.40 

8.00 

i    6.40 

7.00 

(ft) 

i 

. 

,1....,.-. 

7.10 
7.00 

7.70 

"  Weekly  readings  January  1  to  February  26  tln*ough  ice. 
fr  Frozen  December  9  to  Vi,  16  to  18, 22  to  24,  and  26  to  28. 
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Egtimated  monthiy  diacharge  of  Connecticut  River  at  Orford,  N.  E. 

[Draiuage  area,  8,060  square  miles.] 


Month. 


1902. 


January  . . 
February  . 

March 

April 

May 

Jnne 

July 

Angnst  ... 
September 
October . . . 
November 
December. 


The  year. 


1 

Diacharge  in  aecx^nd-feet. 

Sn&'of. 

Marimnm. 

Hinimam. 

Mean. 

1 

Second- 

feet  per  W: 

mfle. 

'>6,6«0 

«3,500 

«4,6S7 

•1.52    -"r 

«8,474 

«2,686 

03,380 

M.ll     '1* 

29,165 

9,200 

16,314 

5.S     r- 

18,033 

8,232 

11,483 

3.76       t!' 

22,994 

4,500 

9,248 

3.03      3-' 

14,282 

4,820 

8,917 

2.83       1.* 

6,  uCO 

2.600 

4,235 

1.39       '> 

7,990 

2,268 

4,361 

1.43        •• 

5,260 

2,108 

3,453 

1.13       l^ 

15,976 

2,432 

4.234 

1.39       V' 

9,442 

3, 500 

4,917 

1.611     1" 

5,600 

3,312 

4,360 

1.4S  1     I  ^• 

29,165 

2,108 

6,629 

!       2.17  ■    S> 

a  Weekly  readings  through  ice  from  January  1  to  February  )& 
CONNECTICUT  RIVER  AT  HARTFORD,  CONN. 

Daily  readings  of  the  height  of  water  at   Hartford  hate  ^**' 
recorded  since  February  8,  1896,  by  Edwin  Dwight  Graves,  cs 
engineer  Connecticut  River  bridge  and  highway  district,  and  thwu 
his  courtesy  have  been  furnished  to  this  Bureau. 

These  heights  are  read  on  what  is  known  an  the  **  Tollhouse  g»s* 
the  zero  of  which  is  set  at  the  low- water  mark  of  1801.*  The  hi^tt* 
water  ever  known  in  the  river  was  in  May,  1854 — 29  feet  10  iw^* 
the  lowest,  in  1858 — li  inches  below  zero. 

This  datum  was  used  in  the  various  surveys  of  the  river  ^  ' 
Hartford  in  1866-67  (see  previous  reference);  also  the  survey  a* 
Hartford  in  1871-1878 ;  *  also  survey  of  1897.*'     It  is  now  being  o.*^ 
a  further  survey  of  the  river  above  Hartford  by  an  engineer  e>ffi^* 
siou  appointed  by  the  Secretary  of  War  to  study  the  problem  of  n' 
improvements  above  Hartford. 

During  the  low- water  periods  the  tidal  wave  comes  up  the  riv?^^ 
Hartford.  The  visible  effect  of  this  wave  is  dependent  iip<^r.  '■ 
height  of  the  water  and  the  direction  and  course  of  the  wind. 

«  See  report  Theodore  G.  KIUb,  1857,  Ex.  Doc.  H.  R.  No.  168,  40Ui  Gong., « 
b  Engineer's  Report,  1878,  pp.  3i8-Wl. 
o  Engineer's  Report,  1896,  pp.  07(M)68.      . 
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From  figures  given  in  the  Report  of  the  Chief  of  Engineers  for  1878, 
.ges  3J:8— 391,  and  from  other  data,  computations  of  the  discharge  of 
e  Connecticut  River  at  Hartford  from  1871  to  1886,  inclusive,  were 
spared  and  puhrlished  in  Part  II  of  the  Fourteenth  Annual  Report 
the  United  States  Geological  Survey,  pages  140-14G. 

Daily  gage  height^  in  feet  ^  of  Connecticut  River  at  Hartford,  Conn. 


Day. 

Jan. 

Feb. 

gMar. 

Apr. 

May. 

June. 

Jnly 

Aug.  Sept. 

1 

Oct. 

Nov. 

Dec. 

1908. 

. 

12.6 
10.3 

11.6 
10.7 

15.6 

10.7 

13.4 
14.5 

11.6 
10.3 

5.6 
5.4 

4.2 
3.9 

3.0 
2.4 

7.0 
7.0 

12.0 
10.2 

3.9 

18.0  '  1S.0 

4.0 

8.8 
7.4 

11.3 
10.9 

22.0     15.0 

13.8 
12.5 

8.8 
7.5 

5.2 

4.8 

3.4 
3.4 

2.2 
3.0 

6.4 
5.2 

8.7 
7.0 

4.3 

25.5 

13.3 

4.4 

8.8 
9.6 

10.5 
9.5 

25.2 
21.7 

12.4 
10.8 

11.5 
10.0 

6.8 
0.5 

6.5 
6.5 

3.8 

4.7 

2.0 
2.0 

4.4 

4.7 

0.8 
0.2 

4.9 

4.4 

9.7 

8.6 

17.3 

9.8 

10.0 

6.5 

5.9 

4.7 

1.8 

4.8 

5.8 

3.6 

9.5 
9.4 
9.0 
8.3 
7.9 
7.2 

7.8 
6.0 
6.4 
6.2 
5.9 
5.7 

18.8  '    9.3 

11.9  ,  10.0 
12.3  :  15.7 
11.3  t  17.5 
10.8     17.0 
12.1     15.4 

9.2 

8.5 
7.8 
7.3 
6.9 
0.5 

0.5 
6.3 
6.0 
6.0 
6.4 
6.4 

5.4 
4.6 
4.2 
3.5 
3.5 
3.4 

4.5 
4.0 
3.5 
4.5 
7.0 
7.4 

2.3 

2.5 
2.9 
3.5 
3.8 
4.3 

4.8 
4.3 
4.1 
4.0 
4.8 
5.8 

5.5 
5.4 
5.2 
5.0 
5.1 
4.8 

3.8 

4.2 

4.8 

4.5 

4.8 

5.2 

6.5 
6.0 
6,3 

5.5 
5.1 
4.6 

10.7     13.0 
18.7     12.2 

6.0 
5.0 
5.2 

6.0 
5.5 
5.1 

3.4 
3.4 
3.2 

6.9 
6.2 
5.2 

3.4 
3.4 
4.0 

5.8 
5.1 
4.5 

5.0 
4.3 
4.7 

5.2 

5.6 

17.9 

11.0 

0.1 

6.0 

4.6 

17.1 

10.0 

1.8 

5.4 

3.0 

4.8 

3.0 

3.3 

5.0 

8.6 

5.8 

4.4 

19.4 

9.3 

4.0 

6.1 

2.8 

4.0 

3.4 

4.0 

5.2 

12.6 

5.3 

4.6 

20.0 

8.0 

4.5 

7.5 

3.0 

3.5 

3.2 

3.0 

5.1 

13.9 

5.0 
5.1 

4.0 
4.7 

18.0 
15.4 

8.3 
8.0 

4.5 
4.3 

7.4 
0.9 

3.0 
4.5 

3.4 
3.2 

3.2 

3.8 

3.0 
4.0 

5.0 
4.0 

13.0 

12.4 

' 

6.3 

5.0 

14.0 

8.0 

4.2 

0.0 

8.0 

3.0 

4.4 

4.1 

4.7 

13.2 

11.8 

i:j.7 

13.4 

4.0 
4.7 
5.0 

H.O 
15.0 
15.0 

8.0 
8.0 
8.7 

3.9 
3.7 
3.5 

5.3 
5.7 
5.0 

7.0 
7.3 
6.5 

2.i^ 
2.9 
3.0 

4.1 
3.8 
3.0 

4.0 
4.5 
4.0 

4.2 
4.3 
4.4 

14.8 

14.7 

t......    —  ............. 

12.8 

t 

]2.0 
li.l 

5.1 
6.0 

14.0 
12.7 

8.4 
.   8.2 

4.0 
5.1 

5.0 
4.4 

0.5 
5.9 

3.4 
3.4 

3.7 

4.0 

4.3 
1.5 

5.4 
5.0 

10.9 

9.7 

\. 

10.4 

9.0 

11.0 

9.8 

6.5 

4.4 

5.3 

3.5 

4.4 

CO 

4.4 

8.6 

».       

12.2 

11.4 

11.0 

9.9 

4.5 

5.0 

3.5 

5.3 

11.0 

4.0 

7.5 

) - 

13.0 

13.9 

10.9 

12.2 

5.3 

4.8 

1    3.4 

0.5 

14.9 

3.7 

7.2 

I 

12.4 

16.2 

12.6 

4.6 

;    3.0 

i 

14.0 

0.8 

MKURIMAC  KIV^KR  J)RAIIS^AO>:  HA8IN. 

MERRIMAC   RIVER  AT   LAWRENCE,  MASS. 

Records  of  flow  of  this  river  at  Lawrence  have  l>een  kept  for  more 
han  fifty  years,  but  have  never  been  published  in  full.  Figures  for 
he  monthly  maximum  and  minimum  discharge  from  1890  to  1897 
jvere  published  in  the  Nineteenth  Annual  Report,  Part  IV;  the  daily 
lischarge  for  1897,  1898,  and  1899  in  Water-Supply  Paper  No.  35;  the 
iaily  discharge  for  1900  in  Water-Supply  Paper  No.  47.  These 
figures  are  furnished  by  R.  A.  Hale,  principal  assistant  engineer  of 
the  Essex  Water  Power  Company. 
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5U  STREAM   MEASUREMENTS    IN    1902,   PART   F.  [^<»^ 

For  a  portion  of  tlie  year  water  from  the  Sudbmy  ami  Nashsa 
drainage  basins  is  wasted  into  the  Merrimac.  During  the  drynioDi'i^ 
a  very  small  amount  is  received,  therefore  the  drainage  area  is  a  y*m^ 
what  variable  quantity.  The  following  tables  give  the  fiow  of  \h 
Merrimae  at  Lawrence,  also  the  quantity  wasted  from  the  Sudbury 
and  Nashua  drainage  basins,  wliich  reaches  the  Merrimac.  Tb- 
latter  table  is  based  on  data  furnished  by  the  Metropolitan  WaM 
and  Sewerage  Board  of  Boston.     The  drainage  area.s  are  as  follow>: 

Draimtye  ureas  in  Merrimac  Baffin. 

Total  Merrimac  River  drainage  basin  above  Lawrence 4.*^ 

Nasliua  River  drainage  basin  above  gaging  station 13 

Sudbury  drainage  basin,  Framingham ,  Dam  No.  1 -'^ 

Cochituate  drainage  basin _ 1^ 

Total  Nashua,  Sudbury,  and  Cochituate  drainage  basins  _ -' 

Net  drainage  basin  of  Merrimac,  excluding  Nashna,  Sudbury,  and  Coc^hitnate 
basins 4  4^1 

The  quantity  as  measured  at  Lawrence  includes  the  water  from miiI- 
bury,  Nashua,  and  Cochituate,  and  in  getting  the  absolute  yieW't 
the  river  this  should  be  considered  in  reference  to  the  drainage anav 
either  by  deducting  it  from  the  Merrimac  flow  and  using  the  net  a^a 
of  the  Merrimac  and  the  net  fiow  of  the  Merrimac,  or  by  geltiugth* 
total  yield  of  both  the  Sudbury  and  Nasliua  Avitb  the  Merriinai'  asl 
using  the  total  area. 

Entimated  monthly  diacluirge of  Nashua.,  Siulbury,  ami  Lake  Ci»chituatednV'.''^> 

basins. 


Nashua  River. 


Sudbury  River. 


I^ke  Cochitra- 


Month. 


j    Average    i    Average 
I       yield.       '      waste. 


Average 
yield. 


Average 
waste. 


Average 
yield. 


Atrrsv 


1901. 

January . .  i 

Febmary  ...   . . . , 

March  .   .    ' 

April    .  -   .    

Mav  . .   

June 

July 

Augu.st  - \ 

September  . . 

October 

November     

I 

December 


Sfcond-feet.'  Sfrond-feet.St'Cond-fctt.  Sfrond-feet .  Seroud/rrt.  v"vt».« 


95.5  ' 

I 

65.  C  I 

500.5  I 

917.8  1 

502.4  I 

181.4  ' 

87.8 

94.2 

58. 9 

119.1 

95.1 

595. 3 


6.9 

6.5 

255.  r^ 

853.7 

414.6 

78.1 

11.2 

9.9 

7.6 

31.3 


.9 


425.8 


50.8 
34.9  , 

320.5  ! 

489.1  I 

343.7  I 
87.6 
35.6 
49.3 
35.5 
47.9 
55.2 

313.6 


23.9 

12.7 

67.2 

3o:3. 4 

290.0 

59.4 

5.3 

36.4 

31.6 

34.3 

58. 7 

148.9 


15.8 
11.9 
72.6 
87.7 
69.9 
19.2 
14.9 
20.8 
19.1 
20.4 
19.5 
69.4 


1. 
I'  I 


111' 
I"' 
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Entimated  monthly  (Uncharge  of  Nashua,  Sudbury,  and  Lake  Cochituate  drainage 

basins — Continued. 


Nashua  River. 


Sudbury  River. 


Month. 


1902. 
January  .  . 
Feliruary  . 
Marrh  . .    . 
April  . . . 
May  - . 
June   . . 
July  ... 
August  _ . 
September 
Octol)er .   - 
November . 
December  . 


Ave*u|C« 
yield. 


Sfcond-/eet . 


Average 

waste. 


Averagre 
yield. 


f*  I 


Second-feet.  Second-feet 

205. 1 

194.8 

488.6 

219.3 

86.4 

35.3 

7.6 

15.7 

20.8 

58.8 

51.7 


317.6 

136.3 

249. 5 

118.5 

739.3 

691.5 

397.1 

265.7 

200.4 

58. 0 

91.5 

5.8 

60.4 

5.4 

58.0 

3.9 

48.0 

4.1 

155. 8 

.38.0 

124.0 

9.2 

320.8 


199. 


207.0 


Average 
waste. 


Second-feet. 

203.0 

169.2 

342. 5 

180.2 

57. 3 

2.5 

*>  '2 

2.3 
2.3 

20.4 
103.9 


Lake  (VMrhituate. 


Average        Average 
yield.  waste. 


Second-feet. 

39.1 

36. 5 

113.6 

51.7 

18.0 

6.0 

7.5 

11.4 

13.0 

15.4 

13.4 

38. 7 


Seconfl-feei. 

19.6 

12. 5 

90.0 

26.1 

11.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


Mean  daily  discharge,  in  second-feet,  of  Merrimac  River  at  Latcrence,  Mass. 


Day. 


1901. 


Jan. 


4,6^ 


2 4,674 


3 
4 
5 


4,284 

'  n,8eo 

:\343 

6 I  2A9i 

7 4,4«2 

8 .3,210 

9 2,872 

10 3,2M 

11 3,796 

12 2,586 

13 2,269 

14 4,4«0 

15 3,402 

1« '  3,380 

17 3,626 

IH 3,757 

19 2,712 

a> 2,348 

21 4,641 

« ;j,408 

23 3,462 

24 3,388 

25 '  3,363 

26 '2,415 

27 2,265 

28 4,303 

2» 3,382 

» 8,076 

31 3,070 


Feb. 


2,888 
2,191 
1,630 
3,919 
3,007 
2,967 
2,626 
2,631 
1.916 
610 
3,356 
2,728 
2,510 
2,667 
2,616 
1,846 

3,312 
2,^50 
2,786 
2,712 
2,H03 
1,929 
560 
3,273 
2,857 
2,476 
2,394 


Mar. 

Apr. 

May. 

• 

16,296 

June.  July. 
19,479     4,048 

Aug. 

Sept. 

()tt.     Nov. 

1 
2,360   14,080 

4,869 

2,010 

2,929 

3,150 

[  1,792 

12,510 

15,647 

16,315 

2,881 

4,577 

2,481 

2,508 

2,186 

746 

12,680 

15,222 

15,189 

2,684 

3,212 

4,093 

2,703 

2,070 

3,189 

18,100 

14,601 

13,616        608 

2,424 

3,507 

3,012 

4,259 

2,851 

:^1,650 

12,6-)4   12,660     2,633 

4,404 

2,928 

1,635     3,168 

2,991   34,200 

11,706  '11, 270 

2.586 

3,016     2,916     1,087 

3,119 

2,906  33,950   10,749 

9,972 

2,408 

2,951     1,831     3,628 

2,981 

1 

2,897 

61,0)0  1  9,831 

9,470 

3,905 

4,722     1,467     2,818 

3,048  1 

'  2,116 

62,511  '  8.815  ,  9,653 

3,280 

11,252  1  4,086     2,682 

1,»« 

'  1,861   4S,756 

9,063  '10,520 

3,083 

8,627  '  2,879     2,686 

1,460 

4,501   :i8,02:}   10,048 

9,175 

3,522 

6,705     2,951     2,  .'557 

n,C5:i 

12,620  '31,463   13,099 

7,94« 

3,913 

6,982     2,355     l,7::i 

L\87H 

'l4,080  '28,155   15,886 

7,(r4 

2,416 

5,5«e  ,  2,519        607 

2,C18 

'11,920  '22,319  |14,640 

6,571 

2,405 

4,790     1,599     3,5a'i 

2,827 

9,600  20,832 

13,081 

6,519 

4,:fl5 

4,368     1,740     6,149 

3,607 

7,870   19,528 

11,072 

4,746 

3,080 

3,941  ,  3,764  ,13,374 

2,615 

6,680 

17,686 

9,684 

5,777 

2,907 

2,928  1  3,133   ll.n.W 

2,:ki 

7,690 

16,317 

8,362 

4,808 

2,8:« 

3,985 

3. 1^*2     8,4:4  '  4,972 

6,110 

15,627 

9,095 

4,220 

2,959 

4,864     1,450     0,509  |  3,127 

5,9M)   15,010 

19,104 

3,916 

2,292 

3,619     4,232 

5,038 

3,138  ' 

5,770  Il3,784 

28,ia-> 

4,186 

2,455 

3,896     2,602 

5,785 

3,274 

1^,890 

16,027 

27,308 

3,286 

4,055 

3,078     l,7flO     4,575 

3,478 

15,210 

21,961 

21,863 

3,520 

3,  UT> 

8,017     4,004  '  4,421 

2,164  ; 

13,420  28,279 

18,06:) 

4,987 

2,754 

1,968     2,9C3     3,908 

1,861  ' 

14,110  28,294 

16.986 

4,382 

2,802 

3,185,2,615     4,239 

4,786 

13,660 

31,770 

17,000 

4,119 

2,753 

5.422     2,525     2,805  ,  3,906 

2J),800 
26,850 
26,300 

20,916 

17,588 

4,238 

1,779 

5,132     2,641 

2,659 

3,893 

23,868 

18,588 

4.013 

629 

4,721     1,769 

4,627 

1,461 

19,629 

23,391 

2,860 

3,765 

4,223        300 

3,525 

4,511 

21,600 

16,7d2 

23,766 

2,239 

3,198 

3,C69  ,  3,367 

3,200 

2,705 

15.400 

22,417  ' 

3,522 

2,3(1H    

3,054    

, — 

—      _ —    - 

-  -              _ 

- — ..          — 

— 



De<' 


2,486 

4.630 

3,294 

3,287 

2,882 

2,754 

2,066 

1.333 

4,103 

3,628 

4,187 

5,  111 

0,866 

0,447 

0,440 

34,100 

41,500 

24,200 

15,090 

12,680 

10,380 

7,100 

7,370 

6,370 

6,750 

9,220 

7,780 

7,722 

7,668 

15,K.58 

25,800 
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Mean  daily  discharge  ^in  secoitd-feet^ofMerrimac  River  at  Z^ztrmuv,  Jfcuai.— Coot'd. 


Day. 


Jan.     Feb. 


Mar. 


Apr.  I  May. 


ims. 

1 26,600 

2 22,280 

3 16.«B0 

4 18,000 

6 11,1«« 


I 


6 

7 

8 

9 

10 

11 

12 


9,flSS 
7.866 

R.iao 

7,623 
6,985 
6,130 
6,737 


18 '  6,856 

5,887 


U 

16 1  5,247 

IC 5,646 

17 6,701 

18 1  6,069 

19 1  4,924 

20 !  6,821 

21 5,217 

22.. !  6,735 

23 15,406 

24 21,308 

25 18,738 

26 !l4,659 

27 'l3,144 

28 Il2,472 

29.. 'll,416 

30 1  9,689 

81-. I  8,851 


7,638 
7,4n 
9,057 
8,005 
8,313 
7.315 
6,898 
5,124 
4,947 
5,961 
5,287 
5,098 
4,862 
4,635 
3,502 
3,501 
4,967 
4,180 
4,000 
4,194 
4,120 
2,905 
3,075 
4,835 
8,801 
4,113 
6,870 
12,380 


'9 


22 
51 
|59 
iCl 
I44. 
28, 
1 
19 
17 
18 
18 
18 
23 
33 
34 
28 
96 
34 
34 
26 
22, 
22, 
23 
23 
21 
19 
17 
16 
15 
fSt 
31 


065 
880 
185 
377 
452 
900 
471 
656 
624 
834 
973 
900 
547 
170 
878 
745 
954 
583 
041 
375 
754 
101 
607 
704 
180 
877 
966 
706 
711 
731 


28,212 
24,483 
20,272 
17,200 
14,803 
12,842 
12,015 
11,374 
15,265 
32,204 
39,196 
85,563 
27,127 
22,988 
19,0<5 
16,452 
14,485 
13,602 
12,194 
11,000 
11,580 
10,C22 
10,713 
10,737 
10,906 
10,188 
11,300 
16,672 
15,144 
13,106 


19,442 

23,470 

20,101 

15,792 

14,881 

14,091 

13,870 

12,816 

12,424 

10,881 

9.104 

9,132 

7,858 

7,600 

6,700 

6,486 

5,501 

4,814 

6,008 

5,200 

5,444 

5,405 

5,139 

4,224 

4,238 

6,230 

7,018 

10,370 

13,902 

14,060 

10,466 


June.  July. 


7,014 
7,499 
6,408 
5,978 
5,764 
5,476 
4, 376 
8,828 
5,240 
4,097 
5,179 
4,663 
3,866  I 
8,732 
3,378 
5,000 
4.297, 
i  6,974  j 
I  7,067 
i  5,850 
14,434  ' 
>  4,118 
i  6,W4  j 
5,487 
5,077  ' 
4,863  I 
4,074  I 
6,680  ; 
5,347  , 
5,762  I 


4,000 
4,422 
3,974 
4,465 
7,016 
6,500 
6,650 
4,987 
4,632 
8,841 
8,973 
2,618 
2,881 
4,508 
8,146 

8.a» 

3,408 
3,654 
2,400 
2,606 
4,732 
4,475 
5,511 
5,076 
6,120 
4,977 
4,021 
5,015 
8,865 
3,887 
3.627 


A119.  I  Sept. 


Oct.  .  Xot.    I^ 


8,755 


2,147 


2,057  .  4,144 


9,6K 
0,021 


2,063 
4,125 
8,170 
2,842 
2,880 
2,057 
2,285 
2,226 
4,540 
5,371 

7,500 
6,062 
4,851 

3,  ass 

4,806 
3,286 
3,123 
8,006 
8,247 
2,638 
4,0S2 
5,653 
4,534 
3,844 
3,631 
2,006 
2,183 
1,551 


2,961 
2,838 
2,600 
1,46R 
512 
2, 
2,.- 
2,780 
2,988 
4,967 


6,477 

5,306 

6,640 

7,766 

8,613 

7,8« 

6,212 

4.884 

4.3S7 


3,655  !  6.258 
3,280  '  6,370 


,12,K7 

»>» 

9,00 
'  7.90 

;  7.13 

;6,4fl 

5,4» 

;5,aro 

6.40 
3.196 

5.161 

5.: 


5.178 

4,914 

4,760 

4,206 

3,296 

2,624 

2,804 

5,061 

3,849 

4,021 

3,867 

3,511 

2,179 

2,106 


5.800 
5,477 
5.061 
4.006 
3,502 


5. 
6,358 
5.831 
5.178  I 
4,908  ' 
3,510 
5,320 
5.087 


5.114 

ens 

5.251 
5.  IS 

4,  on 

4,:?5' 
4.3e 

3.857 
5.S4 
4,491 
4, 


2,  OB 

E.a4 

4,961    15.154  )  4.0K 
6,161  i22,253  \  3.89 


17,176 


19 
4.42 

4.1s 
4.W 

a^i 

4.91 

4.«:: 

li3t 

HO 

»« 

1:.* 
11 « 
lis 
I4.X 

lL5f 

1L» 

4iC 


SUDBURY    RIVER    AT    FRAMINGHAM    AND    LAKE    COCHtTUATE   AT 

COCHITUATB,  MASS. 

Sudbury  River,  a  small  stream  of  eastern  Massachusetts,  ^e«fiv»^ 
water  from  an  area  west  of  Framinghatn.  It  flows  thence  in  a  northerk 
course  through  meadows  and  swamps  and  joins  Assabet  River  to  fom 
Concord  River,  which  in  turn  continues  northerly,  entering  Merrimaf 
River  immediately  below  the  city  of  Lowell.  Storage  reservoirs  ha^* 
been  constructed  by  the  city  of  Boston,  controlling  the  greater  part 
of  the  flow  from  this  basin. 

Lake  Cochituate  drains  into  Sudbury  River  a  short  distance  liel^v 
Framingham.  It  is  controlled  as  a  storage  reservoir  by  the  Metn> 
politan  Water  Works. 

Sudbury  River  and  Lake  Cochituate  have  been  studied  by  lb' 
engineers  of  the  city  of  Boston,  the  State  board  of  health  of  Miksesa- 
chusetts,  and  the  Metropolitan  Water  Board,  and  records  of  rainfall  is 
the  Sudbury  Basin  have  been  kept  since  1875,  and   in  the  C-ocbifc- 
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ufirt^e  Basin  since  1852,  but  the  latter  are  considered  of  doubtful 
jvcouracy  previous  to  1872.  The  records  of  run-off  from  1875  to  1898, 
inoliisive,  for  Sudbury  River,  were  published  in  the  Twentieth  Annual 
PLei>ort,  Part  IV,  and  those  for  Lake  Gochituate  from  1863  to  1899, 
ioolasive,  in  Water-Supply  and  Irrigation  Pai)er  No.  35. 

The  following  tables,  furnished  by  Frederic  P.  Stearns,  give  the 
results  for  1902,  also  the  averages  for  twenty-eight  years. 
wliicli  records  have  been  taken : 

JBstimaied  monthly  discharge  of  Sudbury  River  at  Framingham,  Mass. 

[DraiDAge  area,  75.8  square  miles.] 


Month. 


January-. 
Febmary. 


1902. 


April- 

May 

Jane  _ 

July 

An^ast 

September 
October ... 
■November. 
I>ecember  . 


The  year 


Average  for  28  years,  1876  to  1902,  incltisive, 

January 

February _ 

March 

April - - 

May  - - - 

Jane .1   

Joly --- 

Augast -  - 

September 

October 

November 

December 

The  year 


Ban-off. 


Seoond-feet 

per  square 

mile. 


2.728 

2.590 

6.4d7 

2.916 

1.149 

.469 

.101 

.208 

.276 

.782 

.688 

2.758 

1.764 


Depth  in 
inches. 


1.675 


8.145 

2.697 

7.491 

3.254 

1.825 

.523 

.117 

.240 

.308 

.902 

.767 

3.178 


Rainfall. 


28.942 


Inches. 
2.52 
6.18 
5.84 
4.18 
1.86 
2.89 
2.94 
8.40 
4.54 
4.44 
1.45 
6.38 


22. 747 


46.07 


1.894 

2.184 

4.20 

2.911 

3.055 

4.40 

4.594 

5.296 

4.59 

3. 201 

3.571 

3.44 

1.776 

2.048 

8.45 

.732 

.817 

2.88 

.292 

.337 

8.76 

.456 

.526 

4.08 

.366 

.408 

3.29 

.801 

.924 

4.30 

1.404 

1.566 

4.12 

1.748 

2.015 

3.87 

46.38 
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Estimated  monthly  discharge,  of  Lake  Cochituate  at  Cochiiuate.  Mosl 

[Drainage  area,  18.87  sqnaro  mUea.] 


Month. 


1902. 


Jannary .   . 
February 
March    . . 
April.       -- 
May 

Jnne  .  . 
July  .  - 
August  ... 
September 
October . 
November 
December  . 


January  _ 
February 
March  .. 
April 
May  .     - . 
June  -  - 


July 

August 
September 
October . 
November 
Deceml)er 


The  vear 


Rnn-off. 


Second-feet 

per  aqoare 

mile. 


Depth  in 
incfaesw 


The  year 

Average  for  40  years,  1863-1902 . 


2.071 

1.934 

6.022 

2.741 

.955 

.319 

.398 

.604 

.688 

.814 

.710 

2.052 

1.612 


Hfi-^t. 


2.3*1 

2.014 

6.942 

3.058 

1.101 

.356 

.45d 

.697 

.767 

.99^ 

.792 

2.366 

21.878 


4   \\ 


s.r 

%.« 
li- 

I  Jr. 

4S 
4.U. 


1.749  ' 

2.017 

3,5r: 

2.510  ; 

2.636 

4.,i. 

3.418 

3.942 

KM 

2.627 

2. 932 

3.*^ 

1.552 

1.789 

S.*: 

.694 

.  7i5 

Z.'^' 

.469 

.541 

4r. 

.672 

.  775 

\M 

.660 

.  736 

2> 

.914 

1.054 

4i' 

1.299 

1.449 

4- 

1.524 

1.759 

.1."' 

1 .  502 

a).  405 

47.  r- 

SOUTH    BRANCH   OF  NASHUA   RIVER  AT  CLINTON,  MASS. 

Since  July,  1896,  the  flow  of  the  South  Branch  of  Nashua  River  ha- 
been  measured  at  Clinton,  Mass.,  b}'  the  engineers  of  the  Metropt>lit«- 
Water  Board.  The  results  of  these  measurement's  have  been  fnr 
nished  by  Frederic  P.  Stearns,  chief  engineer.  Beginning  with  1^'" 
the  flow  has  been  corrected  for  loss  and  gain  of  storage  in  ponds  aii 
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lill  reservoirs  on  the  watershed,  so  that  the  results  show  the  natural 
ow^  of  the  stream.  The  flow  for  1896,  however,  has  not  been  cor- 
seted for  storage.  The  following  tables  give  the  results  for  1902, 
Iso  llie  average  for  the  years  1897-1902. 

^stitnatefi  monthly  discharge  of  South  Branch  of  Nashua  Rwer  at  Clinton,  Mass. 

[Drainage  area,  110  square  mile8.] 


Month. 


1902. 


Jantiary . 
February 
March  _ . 
April-    .  _ 


May 

Jane  ..!_.. 
July  .  .    .    . 
August-  . . 
September 

October 

Noveml^er 
December 


January 
February 
March  . 
April.    .  - 

May 

June . 


July 

August 

September 
October  . . . 
November. 
December 


The  year 


Run-off. 


!  Second-f €»et     rk-r^^+u  i.. 


The  year  .     .     

Average  for  0  years,  1897-1902. 


2. 080 


Rainfall. 


1 

Inches. 

2.579 

2.990 

2.72 

2.168 

2.258  ' 

4.91 

6.176 

7.120 

5.27 

3. 341 

3.728 

4.86 

1 .  595 

1.839 

2.24 

.635 

.708 

2.51 

.  452 

.  521 

8.87 

.459 

.529 

8.95 

.372 

.416 

4.26 

1.471 

1.696 

6.86 

.982 

1.095 

.93 

2.859 

3. 295 

7^.20 

1.930         26.195 


27.560 


48.58 


1.919 

2.212 

3.68 

2.441 

2. 543 

4.83 

4.913 

5. 666 

5.05 

4.064 

4.534 

4.24 

2.207 

2. 544 

8.90 

1.172 

1.307 

8. 56 

.  803 

.926 

4.70 

.892 

1 .  029 

4.83 

.514 

.  573 

8.34 

1.000 

1.153 

.  8.97 

1.524 

1 .  700 

4.86 

2. 925 

3. 373 

5.86 

51.82 
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BliACKSTONP:  RIVER. 

The  Blaekstone  River,  rising  in  Massachusetts  and  flowing  totil^ 
water  at  Providence,  R.  I.,  is  one  of  the  great  water-power  riTe^  - 
the  United  States.     Its  flow  is  largel.v  aflfected  h}'  the  inanydi3b 
built  across  the  river  for  the  development  of  water  power.   Amn 
for  systematically  measuring  the  flow  of  the  Blaekstone  was  i^^^^ 
lished  in  May,  1901,  by  John  E.  Hill,  professor  of  ei\il  engineerins 
Brown  University,  and  measurements  of  flow  have  been  made  rank 
his  charge  by  four  students  of  the  university,  George  H.  Gilbert,  Henn 
D.  Drowne,  E.  Vanderbilt,  and  R.  P.  Hovey.     The  station  is  \m\< 
at  a  bridge  about  one-fifth  of  a  mile  west  of  the  New  York,  N>« 
Haven  and  Hartford   Railroad  station  at  Berkeley.    The  drainA> 
area  at  this  point  is  429  square  miles.     At  this  point  the  Blackstort^ 
River  is  paralleled  by  Blaekstone  canal,  and  measurements  of  L* 
canal  are  usually  made  immediately  after  the  measurements  of  lU 
river  are  completed.     The  canal  begins  at  the  Ash  ton  dam,  ihrH- 
fourths  of  a  mile  upstream,  and  terminates  at  the  Lonsdale  millN:: 
m  iles  below  the  station.     Throughout  the  late  spring  and  summer  r> 
gates  at  Lonsdale  are  closed  at  12.30  p.  m.  on  Saturdays.   ThecoD! 
bined  flow  of  the  river  and  canal  represents  the  total  flow  from  ib*^ 
drainage  area  of  the  Blaekstone  above  Berkeley.    The  ga^ngs»^ 
made  from  bridges  over  the  river  and  canal.     The  gages  are  vertb 
rods  nailed  to  the  bridges,  the  river  gage  being  referred  to  two  beai^t 
marks — the  first  is  a  large  stone  20  feet  south  of  road,  90  feet  ea^'t "" 
bridge,  and  12  feet  southwest  of  old  oak  tree,  the  elevation  beio?*^" 
feet;  the  second  is  the  west  end  of  stone  doorsill  to  ofllce  of  Berkel^} 
Mills;  elevation,  18  feet.     There  are  two  benches  for  the  canal  p^ 
the  first  being  the  top  of  the  same  stone  as  used  for  the  river  gag*-' 
elevation  being  2.10  feet  below  the  zero  of  the  gage  rod,  while  the  sioS' 
sill  juGt  described  has  an  elevation  of  7.03  feet.     The  banks  of  l"'- 
the  river  and  canal  are  high,  the  river  having  a  straight  course  *b"" 
the  station,  though  slightly  curved  below.     The  gages  were  read  i«n'' 
a  day,  7.30  a.  m.  and  4.30  p.  m.,  by  Joseph  A.  Ray,  master  rawbaa 
in  the  Berkeley  Mills,  from  May  17  to  August  17,  and  since  SepteniW" 
22  by  A.  E.  Glover,  station  agent.  New  York,  New  Haven  and  Hartf^!^' 
Railroad. 

The  following  tables  of  discharges  and  gage  heights  give  the  ds-i 
which  was  collected  to  that  date. 

February  27:  Gage  height,  4.27  feet;  discharge  in  river.  2.118  second-ffT! 
March  4:  Gage  height,  5.10  feet;  discharge  i'l  river,  3,791  second-feet. 
February  27:  Gage  height,  3  feet;  discharge  in  canal,  74  second-feet 


wKi^i:..! 
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Daily  gags  height,  in  feet,  of  Blackstone  River  at  Berkeley,  R,  I. 


19(12. 


Jan. 


5. 15 
5.(15 
4.  SO 
4.45 
4.80 

i.m 

4.40 
4.(K) 
4.15 
4.05 
4.20 
4.16 
4.05 
4.a) 
3.05 
4.05 
4.25 
5.05 
5.00 
4.00 
4.50 
4.25 
4.40 
4.50 
4.65 
4.  (SO 

4.eo 


Feb. 


4.60 
4.50 
3.85  I 
4.60  ; 
4.40 

4.  a) 

4.30 

4.30 

3.30 

4.35 

4.30  ' 

4.30 

4.15 

4.10  : 

4.25  ' 

4.00 

4.20  i 

4.a) 

4.80 

4.80 

4.25 

4.25 

4.80 

4.  as 

4.35  , 
4.40 
4.45 
5.15 


Mar.  I  Apr.      May.     June. 


8.85 

7.75 

6.75 

5.10 

4. 85 

4.70 

4.90 

5.06 

5.25 

5.35 

5.50 

5.45 

5.60 

5.30  . 

4.70 

4.00 

5.15 

6.00 

5.55 

4.76 

4.55 

4.25 

4.00 

4.40 

4.40 

4.45 

4.80 

4.10 

4.20 

4.20 

4.65 


4.25 
4.35  I 
4.30  I 

4.30 ; 

4.35 

3.00 

4.30  < 

4.40 

4.65 

5.25  ' 

4.80 

4.60 

3.90 

4.60 

4.80 

4.60 

4.40 

4.25 

3.96 

3.80 

4.40 

4.30 

4.20 

4.05 

4.20 

3.90 

3.90 

4.30 

4.26 

4.25 


4.45 
4.45 
4.15 
3.85 
4.36 
4.30 
4.30 
4.15 
4  15 
4.15 
4.00 
4.20 
4.30 
4.20 
4.25 
4.15 
4.05 
4.10 
4.20 
4.20 
4.05 
4.00 
4.00 
4.05 
4.00 
4.05 
4.10 
4.20 
4^20 
4.26 
4.20 


July.      Aug.      Sept.      Oct.       Nov. 


4.10 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.10 
4.10 
4.10 
4.26 
4.20 
4.00 
4.10 
4.00 
4.00 
4.05 
4.10 
3.90 
3.80 
4.00 
4.00 
4.10 
4.20 
4.10 
4.10 
3.90 
4.10 


'      3.90 

3.90 

4.00 

3.90 

3.90 

3.90 

3.90 

3.80 

4.00 

3.95 

1 

4.00 

4. 15 : 

4.20 

4.20  , 

4.10  I 

&90  ; 

3.90 

3.80 

4.06 

4.16 

4.20 

4.30  I 

4.25 

4.20 

4.00  ' 

4.00  I 

3.90 

8.90 

4.00 

4.00  , 

4.10 

4.a) 

3.90 

3.90  [ 

4.00 

4.05  , 


3.85 
3.95 

4.  a) 

3.90 
3.80 
3.80 
3.90 
4.10 
4.10 
8.96 
3.90 
3.80 
3.96 
4.10 
4.10 
4.0(» 
4.00 
3.90 
3.96 
4.00 
4.10 
4.10 
4.00 
4.00 
a95 
4.10 


4. 10 
4.06  I 
4.00 
8.90  : 

4.00 ; 

4.00  I 

4.00 

4.00 

4.20 

4.20  I 

4.10 

4.20 

4.00 

4.00 

4.20 

4.20 

4.10 

4.20 

4.20 

4.20 

4.06 

4.00 

3.90 

3.90 

4.05 

4.15 

4.20 

4.10 

4.05 

4.15 


4.20 
4.20 
4.30 
4.30 
4.40 
4.40 
4.45 
4.30 
4.35 
4.40 
4.40 
4.25 
4.30 
4.60 
4.60 
4.40 
4.30 
4.30 
4.30 
4.20 
4.10 
4.10 
4.20 
4.00 
4.00 
4.30 
4.25 
4.20 
4.20 
4.20 
4.10 


4.00 
4.00 
8.90 
3.90 
4.05 
4.00 
8.90 
3.86 
4.10 
3.95 
a90 
4.10 
3.95 
8.90 
4.00 
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Daily  gage  height^  infect,  of  Blacksione  canal  at  Berkeley.  R.  1. 


Day. 

Jan. 

Feb. 

1 
Mar.a 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct,     S-* 

lUtt. 

1  

2.90 

3.25 

3.26 

2,90 

a  10 

2.80 

2-30 

*  ji      :r 

<t 

3.00 
3.00 

3.20 
8.15 

3.30    : 

3.25 

2.90 
2.86 

2.90 
2.90 

2.ai 

2.00 

2.«i 

2.y. 

i*      -^ 

tj  

SI       t' 

4 

2.90 

3.05 

3.05 

2.80 

aoo 

2.60 

2.30 

2.3»       :  ■- 

5 

3.40 

2.90 

3.06 

3.10 

2.70 

2.95 

2.8) 

2.25, 

i3i      i'. 

6 

.       3.06 

2.90 

3.00 

3.00 

2.90 

a«) 

2.6» 

2.«i 

lai     t' 

i 

2.90 

2.90 

3.15 

3.10 

2.80 

2.85 

2.0f» 

2.3) 

IS     1- 

8 

2.90  , 

2.90 

1 

8.15 

3.10 

2.95 

2. 90 

2.6U 

2.* 

*♦.• 

9 

2.90  1 

3.20  ' 

3.30 

8.15 

2.90 

2.90 

2.51) 

2. 3D 

1 

t*     '• 

10 

.       2.90  1 

3.00 

3.25 

3.20 

iP)     1 

2.85 

2.60 

2.au ) 

2.1 '       -  « 

11 

3.00  ' 

2.95 

3.20 

aso  1 

(b> 

2.85 

2.60 

2.40 

2.15       :?' 

12 

;     3  10, 

2.90 

3.00 

3.05  1 

(«')     i 

2.96 

2.65 

2.a» 

-t 

13 

3.00  , 

3.00 

2.90  ' 

3.05 

(") 

t'') 

2.TI) 

2.30 

1  ^ 

14 

2.95 

3.00 

3.10  ' 

2.90 

C) 

2.80 

2.^ 

2.ai 

3  " 

16 

2.90 

3.10 

3.10 

3.00 

aoo  1 

2.80 

2.eo 

2.20 

It 

16 

.       2.90  ; 

3.20 

3.05 

2.30  . 

2.90 

2.80  1 

2.71) 

2.a> 

-.  — **          •     -  - 

17 

2.90  1 

8.00 

3.05 

1.80 

2.80 

2.9J 

2.1« 

2.30 

18 

.       2.90 

2.90 

2.90 

2.90 

1 

2.80 

2.80 

2.60 

2.41) 

.  , 

19 

3.00 

2.90 

3.00  ' 

2.95  ' 

2.90 

2.  a) 

2.30 

2-30 

2,10 

20 

2.90  1 

ao5 

3.30 

3.00  ; 

2.85 

(«») 

2.3) 

2-25 

2.4^ 

21 

2.90  1 

aoo 

3.20  , 

3.05  1 

2.95 

('') 

2.3C) 

2,30 

2  »*' 

22 

8.20 

3.10 

3.10 

1 

3.00  1 

a(fi 

(M 

2.3t» 

2.  H  i 

•'i« 

23 

3.30  1 

3.20 

8. 10  1 

2.95  i 

2.90 

2.80 

a.^Tii 

2.25 

2.S' 

24 

3.20  1 

2.95 

3.10  J 

l")     1 

2.95 

2.70  ' 

2.  .5(1 

2.  a) 

±-t5 

25 

3. 10 

8.00 

3.10  j 

(6)      1 

aoo 

2.70 

2.30 

2.45 

i::»i 

26 

3.00  . 

8.10 

3. 15 

('') 

2.90 

2.80 

2-ai 

2.35 

2.:i« 

27 

3.01)  ' 

3.15 

3.20  ' 

3.20  1 

2.85 

2.90 

2.70 

2.35 

2,» 

iTo 

28 

.       2.90  , 

3.35 

3.10 

3.10 

2.90 

2.95 

2.75  , 

2.441 

2-S» 

iw 

29 

'      2.95  '. 

1 

3. 10 

3. 10  < 

-  2.90 

2.75 

2.40 

2.10 

ia» 

ao 

.       2.90   . 

1 

3.60  1 

3.10 

2.90 

2.70 

2.30 

2.2l» 

*«' 

31 

2.90  1. 

1 
...  -  -  -  - , 

1 

3.46 

■ 

2. 71) 

2.311 



iO» 

i 

a  No 

records  on  account  of  canal  bank  having  washed  out. 

f 

'  Rei  Airing  casLi.  • 

WATF.n  POWERS  OF  XEW  youk:. 

The  following  pages  contain  the  i-esults  of  gaorin^  of  streams  in ' 
State  of  New  York,  made  by  the  Division  of  Hydrography  <>f  i 
United  States  Geological  Survey  in  eooi)eration  with  the  m^ 
engineer  of  New  York.  The  work  has  been  under  the  iiume'I.i 
supervision  of  Mr.  Robert  E.  llorton.  Acknowledipnent  is  nis'l- 
the  hearty  cooperation  and  assistance  afforded  by  Edwartl  A.  I*  ^^ 
State  engineer  and  surveyor,  and  William  Piersoii  Jiidson,  del'' 
State  engineer,  as  well  as  by  many  civil  engineers,  wat^r-power  n>-^^ 
and  other  individuals. 

The  methods  of  stream  gagings  utilized  in  New  York  Stati-U 
been  fully  described  in  Water-Supply  Paper  No.  (j5y  pages  1»1  i-- 
The  methods  there  described  have  been  continued  durinir  the  h> 
1902,  and,  in  addition,  particular  attention  has  been  devoted  to  n-* 
ing  reliable  data  relative  to  the  yield  of  streams  during  the  ^>5 
months  and  to  the  experimental  determination  of  the  l^st  metlKwi- 
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irrent-meter  use  on  each  of  the  streams.  In  addition,  some  atten- 
on  has  l^en  devoted  to  the  gagiugs  of  some  very  small  watersheds 
f>t  subject  to  any  storage  or  artificial  control. 

Information  concerning  the  yield  of  streams  during  the  winter 
loiiths  is  of  great  value  wherever  water  power  is  used  for  electric- 
^litiiig  purposes,  as  the  lieaviest  load  and  hardest  service  usually 
:^ciir  in  the  winter.  It  is,  however,  a  somewhat  more  difficult  matter 
)  secure  reliable  records  of  stream  flow  when  the  rivers  are  frozen 
vev  than  during  the  open  season.  Where  gaging  stations  are  located 
t  dams  ice  is  likely  to  accumulate  on  the  crest  of  the  overflows, 
iminishing  their  effective  capacity.  At  current-meter  gaging  sta- 
ons  the  rating  curves  applicable  during  summer  months  may  be 
lapplieable  when  the  stream  is  frozen  over,  owing  to  the  increase  in 
lie  wetted  perimeter. 
Measurements  of  the  run-off  from  small,  uncontrolled  watersheds 
f  the  Appalachian  region  are  a  matter  of  growing  interest,  inasmuch 
s  the  public  water  supplies  of  very  manj'^  of  the  cities  and  towns  of 
he  region  are  drawn  from  such  sources  in  preference  to  taking  sup- 
►lies  from  larger  rivers  and  streams  which  contain  greater  pollution 
rom  sewage  and  manufacturing  waste.  The  extent  to  which  such 
;aging8  of  small  watersheds  can  be  carried  on  is  limited,  owing  to  the 
act  that  to  obtain  a  given  per  cent  of  precision  equal  if  hot  greater 
rare  is  required  in  gaging  a  small  stream  than  in  gaging  a  large  one. 
riie  number  of  such  streams  is,  moreover,  very  great,  and  the  number 
>f  persons  likely  to  be  interested  and  directly  benefited  by  the  nieas- 
irement  of  any  single  stream  is  relatively  small.  Especial  thanks 
ire  rendei-ed  to  William  S.  Bacot,  consulting  engineer,  Utica,  N.  Y. ; 
ilso  to  the  Consolidated  Water  Company,  of  Utica,  N.  Y.,  and  the 
l^reenwich  Water  Company,  of  Greenwich,  Conn.,  for  affording  facil- 
ities for  obtaining  gaging  records  on  a  number  of  small  natural 
wMitersheds  in  New  York  State. 

The  appropriating  clause  in  chapter  504  of  the  New  York  State 
Laws  of  1902  requires  that  the  State  shall  cooperate  with  the  United 
States  Geological  Survey  in  ** determining  the  water  supply  available 
for  canals  and  for  potable  and  domestic  uses  and  for  the  development 
of  water  power." 

As  illustrating  the  value  of  water  resources  of  New  York  to  the 
>>tate,  the  following  statistics  from  the  Twelfth  United  States  Census 
are  given.  They  show  an  aggregate  power  of  installed  water  wheels 
of  330,543  horsepower  in  1900.  Ir  1880  the  water  power  in  use  in  the 
State  was  determined  by  the  census  officials  to  be  219,348  horsepower. 
Since  the  census  of  1900  was  taken  water-power  development  costing 
many  millions  of  dollars  has  been  completed.  A  large  part  of  the 
power  thus  rendered  available  is  utilized  for  electric  lighting  of 
municipalities  and  for  electric  traction  purposes,  two  classes  of  power 
users  which  are  not  represented  in  the  census  returns. 
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The  following  table  is  a  list  of  the  various  industries  in  Nev  \-n 
which  depend  upon  water  power: 

Industries  in  New  York  State  dependent  on  water  power. 


Industry. 


Namber 
of  estab- 

Uiih- 
menta. 


Agricnltaral  imple- 
mentB 

Boots  and  shoes 

Brick  and  tile 

Carxiets  and  mgs 

Carriages  and  wagons 

Chemicals _ 

Cordage  and  twine  . . 

Cotton  goods 

Cotton  small  wares . . 

Dyeing  and  finishing  . 

Felt  goods 

Flonr  and  grist  mills. 

Hosiery  and  knit 
goods 

Iron  and  steel 

Leather,  tanned  and 
cnrried 
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Hone 
power 


19  i 

1,101 

r 

7 

590 

1 

1 

50 

5  > 

1,660 

25 

1,006 

14' 

514 

3 

800 

16 

8,494 

1 

1 

36 

5' 

560 

4  . 

862 

1,053 

58,775 

34 


7,164 
1,300 

1,419 


Industry. 


Linen  goods 

Lnmber. 

Lnmberand  timber 
products 

Paper 

Printing  and  pub- 
lishing   

.  Ship  building 

!  Shoddy 

I  Silk  manufacturing. 
i  Wool  hats 

Woolen  goods 

Worsted  goods 


Nnmbtf 

ofatab^ 

Hm 

^ 

pr*.? 

1 

)'• 

27^ 

i4« 

450 

175 

l*-- 

.16 

%' 

4 

Ih 

5 

?« 

■» 
1 

•*? 

9 

■r 

46 

4.^ 

S 

3^- 

Total  »^^ 


LiAKK  ONTARIO  I>RAIXAOE  BASIX. 


MOOSE  RIVER  AT  MOOSE  RIVER,  N.  Y. 

The  gaging  station  on  this  stream  is  situated  at  the  village  of  Si^ 
River,  4  miles  below  McKeever  railroad  station.  It  was  esUblbJ*"' 
June  5,  1900.  The  watershed  is  described  in  Water-Supplr  ftp 
No.  65,  pages  98  to  100,  and  the  mean  of  the  two  gage  readings  vl^ 
are  taken  each  day,  is  tabulated  for  1900  in  Water-supply  P*i' 
No.  49,  page  235,  and  for  1901  in  Water-Supply  Paper  No.  65,  ^ 
99.  The  average  daily  gage  heights  for  1902  deduced  from  the  ^' 
vations  by  Christopher  Hannan,  the  gage  reader,  are  given  in  • 
accompanying  table. 


EL.L..3 


LAKE    ONTARIO    DRAINAGE    BASIN. 
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Mean  daily  gage  freight,  in  feet ^  of  Moose  River  at  Moose  River ^  N,  V, 


Day. 


19Qe. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

D«x;. 

1 

1 

1.75  '  1.16 

2.86 

4.60 

4.90 

2.80 

1.85 

1.05 

0.60 

1.06 

2.55 

1.85 

2.15     1.10 

3.85 

4.20 

3.65 

2.65 

2.05 

1.85 

.90 

.a> 

2.85 

1.75 

2.20     l.£0 

5.05 

3.95 

3.60 

2.40 

2.75 

1.60 

.66 

.95 

2,15 

1.65 

2.10     1.30 

5.25 

3.65 

8.65 

2.70 

4.50 

1.55 

.70 

1.05 

1.C5 

2.30 

2.25 

1.40 

4.80 

3.45 

3.55 

2.90 

3.55 

1.40 

.86 

1.20 

1.75 

2.30 

8.45 

1.40 

4.20 

3.30 

3.05 

2.45 

2.90 

1.75 

.80 

1.30 

1.75 

1.90 

2.25 

1.50 

3.75 

3.25 

2.80 

2.26 

2.50 

3.10 

.80 

1.45 

1.75 

1.50 

2.15     1.40 

3.55 

3.20 

2.45 

2.15 

2.25 

2.a5 

.55 

1.56 

1.55 

1.20 

2.15 

1.40 

3.15 

8.10 

2.20 

2.70 

2.05 

3.50 

.65 

1.45 

1.55 

1.76 

1.95 

1.40 

2.85 

4.60 

2.05 

2.55 

1.85 

2.70 

.80 

1.30 

1.45 

1.65 

i.eo 

1.40 

2.66 

4.45 

1.95 

2.45 

1.65 

2.25 

.85 

1.26 

1.25 

1.75 

1.25 

1.30 

2.65 

4.20 

1.70 

2.25 

1.65 

2.70 

1.10 

1.20 

1.6) 

1.85 

2.25 

1.35 

3.40 

3.60 

1.55 

2.10 

1.45 

2.10 

1.40 

1.10 

2.25 

1.75 

2.45 

1.45 

4.65 

3.85 

1.65 

2.05 

1.55 

1.80 

l.CO 

1.45 

2.9) 

1.75 

2.40     1.45 

3.45 

3.25 

1.45 

2.25 

1.80 

1.45 

1..35 

i.ns 

2.70 

1.86 

2.25 

1.45 

4.50 

4.  a) 

1.25 

2.45 

1.75 

1.25 

1.25 

1.35 

2.3") 

1.70 

2.05 

1.45 

6.00 

4.40 

1.20 

2.25 

1.45 

1.15 

1.15 

1.15 

l.ft") 

2.00 

2.85 

1.45 

(«) 

8.40 

1.10 

2.05 

1.35 

1.05 

1.25 

1.15 

1.C6 

2.30 

2.05 

1.60      (a) 

2.F6 

1.05 

i.rs 

1.65 

1.05 

1.25 

1.25 

1.75 

2.25 

1.fV» 

1.75      («) 

2.50 

1.10 

2.15 

2.95 

1.00 

1.10 

1.25 

1.75 

2.05 

1.76 

1.90     4.60 

2.85 

1.00 

2.25 

2.26 

1.06 

1. 15 

1.45 

i.m 

1.90 

1.70     1.90,4.15 

2.60  ;    .85 

2.r5 

2.05 

1.10 

1.20 

1.55 

1.65 

2.90 

1.70  ,  2.00 

8.80 

3.06  '  1.10 

2.40 

1.85 

1.15 

1.10 

1,85 

1.R5 

3.65 

1.80 

2.10 

3,76 

2.75 

1.80 

1.95 

1.55 

1.10 

1.05 

1.25 

1.95 

3.35 

1.66 

2.10 

3.60 

2.60 

3.65 

1.85 

1.45 

1.95 

1.20 

1.45 

1.75 

3.05 

1.55 

2.05 

3.40 

3.10 

3.30 

1.95 

1.80 

.85 

1.25 

1.66 

1.75 

2.85 

1.95     2.05 

3.15 

4.80 

3.90 

2.40 

1.40 

.80 

1.20 

1.76 

1.75 

2.65 

1.40     2.25 

3.10 

4.25 

3.45 

2.10 

1.05 

.75 

1.30 

1.95 

1.95 

2.45 

1.30   

4.05 

8.75 

3.25 

1.86 

.95 

.66 

1.20 

3.35 

1.80 

2.25 

1.30  ! 

6.40 

4.75 

3.35 

1.55 

1.00 

.65 

1.25 

3.C5 

1.75 

2.06 

1.20  \ 

i 

5.20 

3.60 

1.10 

.66 

3.20 

1.95 

»Ice  breaking  up;  water  above  top  of  gage. 


BEAVER  RIVER  NEAR  CROGHAN,    N.    Y. 

Beaver  River,  like  Moose  River,  is  a  stream  draining  a  portion  of 
le  western  Adirondack  slope  of  New  York.  The  watershed  is 
inscribed  in  Water-Supply  Paper  No.  65,  pages  100  to  102.  The 
iging  station  was  established  at  Tisses  Bridge,  situated  between  the 
illages  of  Croghan  and  Belfort,  May  17,  1901.  Daily  gage  heights 
•om  the  readings  taken  once  each  day  by  Nicholas  Tisse  are  given 
)r  1901  in  the  Water-Supply  Paper  above  cited.  The  observations 
)r  1902  are  contained  in  the  following  table. 

August  6,  1902,  a  current-meter  discharge  measurement  was  made 
y  C.  C.  CJovert.     Gage  height,  2.32;  discharge,  554  second-feet. 
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Daily  gage  height,  in  feet,  of  Beaver  River  at  THsses  Bridge^  near  Crogiutu,  V 


Day. 

I 
1 

-  I 

3 

4 

5 

0 

t 

8 

9 , 

10 ! 

11 

15 

13 

14 

15 

Ifi 

17 

18 

19 

30 

21 

22 

23 

24 

25 

26 

27 

38 

2» 

30 

31 


Jan.    Feb.   Mar. !  Apr.  May.  June.  July.  Ang.  Sept.  On.  N 


•  ■T 


3.0 

2.0 

2.8 

2.8 

2.9 

2.7 

2.7 

2.7 

2.6 

2.6 

2.5 

2.6 

2.5  , 

2.5  ! 

2.5 

2.5  . 

2.5  ' 

2.5  I 

3.2  , 

3.1  , 

3.1 

2.9  I 

2.7 

2.6! 

2.5 

2.5  ' 

2.6  i 
3.3 

3.1  I 
2.7,. 

2.2  K 


2.4 

3.5 

2.4 

3.4 

2.4 

2.4 

2.8 

2.6 

2.4 

15 

2.3 

2.7 

2.3 

8.3 

2.5 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.8 
2.4 
2.3 
2.3 
2.3 
2.2 
2.4 
2.4 
2.4 
2.6 
2.7 
2.8 
2.% 
2.9 
2.9 
2.9 
2.7 
2.8 
2.9 
3.7 


3.4 
4.5 
4.4 
3.9 
3.1 
3.S 
3.4 
2.4 
2.6 
2La 
2.7 
8.3 
4.4 
4.9 
4.8 
4.9 
6.0 
5.4 
6.2 
4.8 
4.4 
4.0 
4.4 
4.4 
4.0 
3.9 
4.0 
3.7 
4.0 
4.5 
4.4 


.  I 


4.5 
4.4 

8.7 
3.5 

3.4  I 
2.0 
1.4 

8.5  . 
4.2  I 
4.1 
4.2 
4.4 
4.3 
3.4 
3.0  ; 
3.0 
3.2 
2.9 
4.2 
4.3 
2.3 
2.6 
3.4 

4.2  , 

3.5  ' 
3.2 

4.3  1 
3.0 

4.6  , 

8.7  ' 


4.5 
2.0 
4.0 
4.0 
4.5 
4.2 
4.4 
6.0 
4.4 
4.0 

ac 

2.9 
4.2 
2.4 
2.2 
4.4 
6.0 
4.6 
4.2 
2.6 
4.2 
4.4 
4.2 
4.2 
.5.2 
5.4 
5.6 
4.2 
3.4 
3.5 
3.4 


3.4 
3.2 
3.0 
3.2 
3.0 
8.4 

ae 

3.6 
3.2 
8.9 

a€ 

3.2 
2.5 
2.2 
2.4 

a2 

3.7 
2.8 
3.3 
3.8 
3.8 
3.5 

as 

2.6 
2.8 
2.4 
2.2 
2.4 
2.4 
2.3 


3.0 
2.7 
2.4 
2.4 
2.5 
2.5 
2.4 
2.5 
2.4 
2.5 
2.5 
2Lo 
2.4 
2.5 
2.6 

ao 

3.2 
8.2 
3.0 
3.0 
3.0 
2.9 
2.8 
2.8 
2.9 
2.8 
2.5 
2.5 
2.4 
2.6 
2.4 


2.5 
2.5 

a  4 
ao 

2.4 
2.4 
2.2 
2.3 
2.4 

ao 

2.7 

'    2.4  1 
2.0 
2.0 
2.0, 
2.1 

a  2 

'  a4 

3.1 
2.7 
2.4 
3.3 

'  a2 
ao 
ao : 

2.5  ' 
2.2 

4  a 

*  •» 

««.  ^ 

I       ••••• 

2.1 


i2 

10 
S.6 
14 
10 
10 
10 
10 

11, 

10  ' 
12 
13 
12 

10 
1.8 
1.8 
10 
1.9 
1.9 
l.ii 
l.H 
1.9 
1.8 
10 
l.S 
1.8 
10 
10 
11 


11  f- 

12  i^ 

ii  t ' 

tS  li 

11  l» 

•  *  «l 

« 2  II 

11  U 

11  ^" 

12  li 
10  ii 
io  1» 
1-2  i: 
1.2  IT 
12  U 

12  t' 

13  i- 
**  iT 

13  f 

14  tJ 
14  U 

12  14 

13  2« 
!• 
10 

1» 

1^ 


!4 


BLACK   RIVER  NEAR  FELTS  MILLS,  N.  Y. 

A  gaging  station  maintained  on  Black  River  at  Huntinjrtop 
dam,  near  Watertown,  from  February  22,  1897,  to  Dtrcemlier  1 1  - 
is  described  in  Water-Supply  Paper  No.  49,  pages  230  to  '23t»,  au^ 
Water-Supply  Paper  No.  65,  pages  102  to  105.  Owing  to  tliewa^'  - 
out  of  a  portion  of  the  right  wing  of  the  Iluntingtonville  dani  ■ 
freshet,  the  record  for  Black  River  was  transferred  durini:  1"- 
tlie  dam  of  the  Black  River  Traction  Company,  2  miles  abovt-l 
Mills. 

This  dam  is  situated  0  miles  above  Watertown  and  7milt*>^' 
the  Iluntingtonville  gaging  station,  on  the  same  stream.    The'lr* 
age  area  is  estimated  at  1,851  square  miles,  or  37.5  square  rail*"* 
than    that  at    Huntingtonville.     The    intervening    area  is  W" 
drained  by  two  small  streams — Townsend  Creek  and  Rutlan<l  H 
Creek. 
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The  daiu  is  of  squared  timber  and  has  a  slope  on  the  upstream  face 
2.80  horizontal  to  1  vertical.  The  crest  is  protect<ed  by  boiler  plate, 
<1  the  downstream  face  is  vertical,  giving  a  free  overfall.  The 
lin  crest  is  3S0.G  feet  in  length,  is  level,  and  at  an  elevation  of 
7.90  feet  above  tide.  There  are  two  additional  sections  on  the  right 
le;  one,  at  an  elevation  of  590.96  feet,  is  14.1  feet  long,  and  the 
her,  at  an  elevation  of  593.40  feet,  is  17.'9  feet  in  length. 
A  similarly  constructed  dam  117  feet  long  at  the  left  bank  serves  as 
1  auxiliary  spillway  and  as  a  headrace  wall.  It  has  an  average  crest 
ovation  of  591  feet. 

The  gage  is  attached  vertically  to  a  crib  at  the  juncture  of  the  main 
id  auxiliary  spillways,  8  feet  upstream  from  the  crest,  and  a  correc- 
)n  is  made  to  the  gage  readings  for  velocity  of  approach  during 
gh  water.  The  discharge  over  the  spillways  has  been  calculated 
'  means  of  the  weir  formula,  using  coefficients  derived  from  Cornell 
periment  No.  5  for  a  dam  of  similar  cross  section.  The  dam  was 
>nstr acted  in  1900,  rests  on  limestone  foundation,  and  is  very  nearly 
citer-tight.  The  headrace  is  closed  by  a  bulkhead,  no  water  wheels 
iving  been  installed. 

The  gage  readings  are  taken  twice  daily,  at  7  a.  m.  and  again  at  6 
m.,  by  A.  11.  Tucker.     A  record  of  high  water  was  kept  at  this 
im  May  and  June,  1901.     The  results  are  not  available  for  publica- 
on  at  present. 

can  daily  flow y  in  second-feet,  of  Black  River  at  Black  River  Traction  Com- 
pany's dam,  near  Felts  Mills,  N.  Y.,for  190 J. 


Day.        Au(f.      Sept.       Oct.    ■  Nov. 


8,4d0 
3,590 
3,940 

z,m) 

3,066 

8,460 

2,800 

4,(im 

4,140 

4,140 

5,24.5 

4,800 

4,2H0 

3,065 

4,0S0 

3,944)  * 

3,860 


4,220 
4,140 
4,280 
3,800 
3,1^0 
4,000 
4,800 
4,800 
6,000 
4,650 
4,650 
3,940 


7,180 

6,200 

5,880 

5,100  I 

4,500 

4,420 

4,420 

4,500 

4,420 

4,2K0 

4,220 

4,2S0 


4.140 

8,370 

4,010  , 

4,940 

8,840 

4,170 

5,310 

9,080 

3,940 

4,940 

7,385 

4,310 

4,420 

6,200 

3,960 

Oct.    '  Nov 


4,3eo 

4,0FO 
4,565 
4,800 
5,100 
4,500 
4,940 

4,420 
4,800 
5,245 
7,285 
8,370 
8,465 


5,880 
5,780 
5,880 
5,245 
5,245 
4,500 
6,780 
5,100 
4,720 
5,720 
6,200 
6,arK) 
5,190 


Dec. 

5,250 
6,550 
6,300 
6,830 
7,610 
9,960 
10,890 
9,720 
9,070 
7,700 
6,800 
6,3(N) 
6,020 
5,800 


4,K>7       5,665        6,266 
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'sat 


Estimated  monthly  discharge  of  Black  River  at  Black  River  Traction  Compunp 

dam^  near  Felts  Mills,  N,  Y, 

[Drainage  area,  1,861  square  milea.] 


Diachargre  in  flecond-feet. 


Ri&<<4 


Month. 


Maximum. 


1902. 


August  20-31 
September  . 

October 

November . . . 
December  . . . 


5,245 

8,465 

9,060 

10,830 


MfniTniiTn , 


3,000 
3,180 
4,220 
3,940 


3,527 
3,771 
4.857 
5,655 
6,265 


SecoBd- 

eqoaiv 
mile. 

1.9(1 

U' 

2.04 

^•s 

2.62 

:..iC 

3.05 

:.    C 

3.  as 

-'•.  :* 

SALMON   RIVER  NEAR  PULASKI,  N.  Y. 

The  gaging  station  on  this  stream  is  located  at  Fox  Bridge,  2  m^ 
above  Pulaski  village.     The  station  was  established  September  ^, 
1900,  and  is  described  in  Water-Supply  Paper  No.  4:9,  page  2-34.  ^ir 
in  No.  65,  pages  105  to  107,  where  gage  heights  and  estimatel  'Li-: 
discharge  are  given. 

Owing  to  obstruction  of  the  stream  by  ice,  and  in jurj'  to  the  ^^ 
the  Salmon  River  record  was  interrupted  during  the  winter  of  l'«  '-- 

A  new  gage  was  erected  July  23,  1902,  and  the  record  reson*'' 
The  datum  of  the  weight  gage  is  at  an  elevation  of  87.21,  or  1.-  i^'- 
below  that  of  the  original  gage.  All  gage  readings  and  disihr: 
measurements  have  been  I'cduced  to  the  original  or  board  gagedatr.. 
Gage  readings  are  taken  twice  daily  by  S.  J.  Fox.  The  gage  isof  i' 
weight  and  wire  varietj',  with  a  15-foot  decimal  scale,  near  the  cect' 
of  the  right  bridge  span.  The  following  current-meter  diselur^ 
measurements  have  been  made  during  1902: 

Current-meter  discharge  measurements  of  Salmon  River  near  PulaAi,  y  1 


Date. 


Hydrographer. 


*X  **- 


October  17 
July  23... 
July  2.. 
July  5 


R.E.Horton 

H.R.Beebe 

Horton  and  Beebe. 
H.R.Beebe 


July  6 . i do 

Do.    ..   I do 


heig 

Fret.a 

2.85 
3.29 
3.74 
4.r3 
4.83 
4.8S 


.VtWfcJ' 


^  Jr.' 
0  >> 


o  Referred  to  old  or  original  gage  datum. 

Salmon  River,  in  common  with  other  streams  tributary  to  e^kM*' 
Lake  Ontario,  is  subject  to  great  obstruction  by  anchor  ice.    0^'^ 
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•  this,  separate  discharge  measurements  ai-e  required  for  the  winter 
ason  before  the  gage  readings  for  the  ice  period  can  bo  reduced  to 
lantities  of  discharge.  Arrangements  have  been  made  for  the  tak- 
ig  of  such  measurements  during  the  coming  winter. 

\fean  daily  floxc,  in  second-feet,  of  Salmon  River  near  Pulaski,  N.  Y.^for  190S. 


Day. 


July. 


Ang. 

Sept. 

9M 

294 

1,640 

8») 

884 

878 

(K)0 

880 

490 

474 

535 

282 

5&4 

294 

«» 

378 

880 

362 

0B2 

1,470 

820 

790 

1,825 

586 

T98 

474 

1,442 

894 

490 

862 

410 

846 

394 

282 

Day. 


18 

19 

20 

21 

22 

23 

862 

24 

714 

25 

714 

26 

607 

27 

588 

28 

671 

29 

685 

80 

846 

81 

862 

Average 


504 


Aug. 

Sept. 

Oct. 

Nov. 

442 

246 

506 

692 

756 

220 

650 

820 

602 

246 

735 

905 

554 

234 

618 

756 

554 

246 

522 

092 

«n 

284 

570  1,215 

586 

234 

634  1,010 

474 

234 

798 

880 

410 

246 

671 

785 

394 

204 

708 

862 

862 

294 

047 

1,157 

8U6 

3U6 

1,301 

796 

294 

878 

976 

862 

282 
611 

777 

796 

875 

615 

1,801 

1,110 

990 


1,016 

883 

1,096 

1,181 

1,0U 

905 

777 

884 

905 

8a 

984 


Estimated  monthly  discliarge  of  Salmon  River  near  Pulaski,  N.  Y. 

[Drainage  area,  264  e^uai'e  mileH.] 


Month. 


1902. 

Fnly 

iagost 

^ptember 

October 

S^ovember 

[)eceniber 


Mean  dis- 
charge in 
second- 
feet. 


504 
611 
875 
615 
796 
934 


Rnn-ofT. 


Second-feet 

per  square 

mile. 


2.25 
2.32 
1.42 
2.33 
3.02 
3.54 


Depth  in 
inches. 


2.59 
2.67 
1.58 
2.69 
8.37 
4.08 


CHITTENANGO   CREEK   AT  CHITTENANGO,    N.   Y. 

This  gaging  station,  which  was  established  May  22, 1901,  is  described 
In  Water-Supply  Paper  No.  65,  pages  114  to  116,  where  daily  gage 
heights  and  discharge  measurements  for  1901  may  be  found.  The 
greatest  known  freshet  on  this  stream  occurred  December  15,  1901. 
The  water  rose  to  elevation  7  on  the  gage  board.  This  freshet  went 
over  the  tops  of  the  abutments  and  the  adjacent  highway.  It  also 
caused  scour  underneath  the  bridge,  so  that  the  discharge  measure- 
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fsi-i 


mentB  of  1902  are  not  strictly  com])arable  with  those  of  1901  for  siou 
lar  stages  of  the  stream.  The  following  current-meter  measui«D»'Bb 
have  been  made  during  1002 : 

Current-meter  dinchargemeasurements  of  Chittenango  Creek  at  Chittena^K X  i. 


D«te. 


1902. 
Decemher  13 

Auguat  23 

April2 -- 

Do 

July2 

Do 

July? - -|  H.R.Beebe 

Do ' do 


Hydrograph':r. 


Gace 

tent 


bdg] 


Ihi"*K? 


C.  C.  Covert . 

....do 

E.C.Mnrphy 

....do 

R.E.Horton 
....do 


f^t. 

.Vn-i'.-^ 

1.70 

0^: 

1.77 

>.* 

1*3 

3.U.' 

2.33 

4^  , 

2.^ 

MV 

2.36 

eie.'' 

2.50 

t^,f 

2.49 

^'.; 

a  At  Pol3rtechiiia  stx^det  bridge. 
Mean  daily  gage  height,  in  feet,  of  Chittenango  Creek  at  Chittenango.  X  \. 


Day. 


Jan.  Feb. 


Ifftt. 


8 


\ 


6 

7 
8 


I 


10... 

U... 

12... 

13... 

14.. 

15... 

10.. 

17... 

18... 

19... 

20... 

21... 

22... 

23... 

24... 

25... 

26... 

27... 

28... 

29... 

90... 

81... 


'  1   m 


2.00 
2.00 
2.00 
2.00 
2.00 
1.95 
1.86 
1.80 
1.70 
1.70 
1.70 
1.70 
l.TO 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.86 
1.80 
1.70 
1.70 
1.70 
2.00 
1.90 
1.80 
1.80 
1.80 


1.80 
1.80 
4.05 
2.80 
2.90 
2.80 
2.80 
2.80 
2.00 
1.85 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
l.TO 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
8.  SO 


4.95 

4.52 
4.10 
8.60 

aoo 

2.80 
2.45 

2.60 
2;  00 
2.00 
2.77 
4.05 
4.80 
8.80 
3,10 
3.10 
4.80 
3.30 
2.80 
2.60 
2.00 
2.80 
2.80 
2.60 
2.60 
2.50 
2.40 
2.40 
2.40 
2.40 
2.40 


2.80 

2.80 

2.20 

2.80 

2.80 

2.80 

2.80 

2.20 

2.90 

8.05 

2.60 

2.60 

2.60 

2.60 

2.50 

2.38 

2.20 

2.20 

2.20 

2.20 

2.10 

2.00 

1.9 

1.9 

1.9 

1.9 

1.8 

1.8 

1.7 

1.7 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.66 
1.60 
1.60 
1.60 
1.60 
1.60 
1.00 
1.60 
1.70 
1.80 
1.75 
1.70 
1.70 
l.TO 
1.80 
2.15 
1.80 
1.85 
2.10 
2.10 
2.00 


1.85 
1.80 
2.00 
a65 
2.70 
2.40 
2.20 
2.90 
2.50 
2.00 
2.75 
2.90 
2.50 
2.85 

2.a5 

2.75 
2.45 
2.20 
2.18 
2.10 
2.20 
2.10 
2.00 
1.90 
1.90 
2.20 
2.06 
1.00 
1.C5 
2.10 


July.  Aug., Sept  Oct  NV  > 


2.25 

2.00 

2.50 

2.30 

2.40 

2.73 

2.80 

2.60 

2.30 

2.68 

2.35 

2.10 

2.00 

2.20 

2.25 

2.20 

2.05 

2.00 

2.00 

2.65 

2.65 

3.25 

2.6U 

2.85 

2.16 

2.10 

3.25 


2.35 

2.45 

2.20 

2.10 

2.00 

3.00 

2.40 

2.45 

2.25 

2.£0 

2.20 

2.10 

2.00 

1.95 

1.90 

1.85 

2.90 

1.90 

1.90 

1.85 

1.80 

1.80 

1.75  ' 

1.70  I 

1.70  I 

l.TO 

1.60  I 


2.80 

1.00 

2.45  1  1.60  1 

2.20 

160 

2.20 

1.50 

1.45 
1.65 
L60 
1.60 
L60 
l.CO 
I.5S 
l.hO 
l.€5 
2.C3 
l.TO 

i.eo 

1.60 
1.50 
LTD 
1.70 
l.TO 
1.70 
1.T0 
1.70 
l.TO 
1,70 
1.65 
1.60 
1.60 
1.90 
1.90 
1.90 
1.85 
1.80 


2.13 
1.9D 
L90 
1.90 
110 

ta» 
*ao 

2.10 
2.10 
2.06 
LS5 
IS 

1» 
l.« 

100 
110 
133 
1.96 
1.7F 
1.75 
l.» 
l.« 
J.  Pi 
1.*) 
l.« 
3.10 
16 
110 
1.95 


i.«  :' 

'L9ti  '' 

I  2.  W  1  * 

♦  j>  1"* 

\t9  1.' 

■IS  :<• 

110  i" 

,  IS  1" 

1.86,  \* 

lin!  :* 

lit!  1* 

i  l.»  ■  i^ 

1.90  i? 

|1.*  J* 

!.?«' 
1.* 
I.* 
1.6 

,1© 

i.:p 


4  • 


ii.:3 

1.5 

I       1 
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A  description  of  the  watershed  of  Skaneateles  Lake,  including  gag- 
igs  at  various  points  from  1890  to  the  end  of  1901,  is  given  in  Water- 
upply  Paper  No.  65,  pages  116  to  128.  The  following  table  gives  the 
ctual  flow  in  the  outlet  for  each  day  during  1902,  as  calculated  by 
lie  Francis  formula  from  readings  taken  daily  at  the  Willow  Glen 
^eir.  A  table  is  also  given  showing  the  corresponding  run-off  from 
he  watershed.  The  amount  of  diversion  for  the  water  supply  of  Syra- 
use  from  July,  1901,  to  September,  1902,  has  been  furnished  by  the 
rater  department  of  Syracuse.  The  diversion  added  to  the  actual 
ow  in  the  outlet  comprises  the  total  run-off  of  the  watershed.  A 
able  showing  these  quantities  is  also  given. 

Mean  daily  flow,  in  second-feet,  of  Skaneateles  outlet  at  Willow  Glen  tveir, 

Netv  York, 


Day. 

Jan. 

Feb. 

69.6 
69.6 
69.6 
69.6 
69.6 
69.6 

69;  6 

69.6 
69.6 
09.6 
69.6 
69.6 
69.6 

Mar. 

Apr. 

May. 

74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74,7 
74.7 
74.7 
74.7 
80.0 
77.3 
74.7 
74.7 
74.7 

75.0 

June. 

July. 

Aug, 

Sept. 

156.6 
116.2 
116.2 
116.2 
U6.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116,2 
116.2 
116,2 
116,2 
116.2 
135.8 
136.8 
160.2 
160,2 
160.2 
129.2 
129.2 
129.2 
129.2 
129.2 
129.2 
129.2 
129.2 
129.2 
129.2 

127.5 

Oct. 

Nov. 

Dec. 

1902. 
I 

ra.2 

72.8 
72.2 
72.2 
72.2 
72.2 
72.2 
72.2 
.72.2 
72.2 
72.2 
72.2 
72.2 

91.2 
91.2 
91.2 
80.0 
80.0 
80.0 
74.7 
74.7 
80.0 
74.7 
74.7 
77.3 
77.3 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 

74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
77.8 
77.8 
80.0 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 
74.7 

75.0 

74.7 
74.7 
77.3 
80.0 
77.8 
74.7 
77.3 
80.0 
77.3 
74.7 
77.8 
74.7 
77.8 
91.2 
80.0 
80.0 
74.7 
74.7 
74.7 
74.7 
74.7 
77.3 
77.3 
77.3 
80.0 
80.0 
77.3 
77.3 
77.3 
85.5 

80.0 

77.3 

85.5 

80.0 

85.5 

85.5 

80.0 

85.5 

85.5 

91.2 

91.2 

91.2 

94.2 

94.2 

94.2 

94.2 

94.2 

94.2 

97.2 

97.2 

116.2 

116.2 

116.2 

116.2 

116.2 

116.2 

116.2 

132.5 
135.8 
135.8 
135.8 
135.8 
136.8 
135.8 
135,8 

139.  r 

135.8 
136,8 
156.6 
155.6 
156.6 
156.6 
156.6 
156.6 
166.6 
156.6 
156.6 
156.6 
156.6 
166.6 
156.6 
166.6 
156.6 
156.6 

129.2 
129.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116,2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
'll6,2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 

117.0 

116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
116.2 
U6.2 
116.2 
116.2 
116.2 
116.2 
116.2 
U6.2 
116.2 
U6.2 
116.2 
116.2 
116,2 
91.2 
91.2 
91.2 
91.2 

91.2 

Z 

91.2 

3 , 

91.2 

i _ 

91.2 

5 

R 

7 

91.2 
91.2 
91.2 

8 

91.2 

0 

91.2 

0       

91.2 

1 

2 

3    

91.2 
91.2 
91  2 

4 

72.2    69.6 
72.2  ,  69.6 
72.2     69.6 

91.2 

5 , 

6           

80.0 
80  0 

4       •       •••...*•••-•---- 

72.2 
72.2 

69.6 
09.6 

80  0 

8 

80.0 

9 

72.2     69.6 

80.0 

JO 

•1 

69.6 
60.6 

69.6 
69.6 

80.0 
80.0 

B 

69.9  1  69.6 
69.6  '  69.6 

80  0 

g  

80.0 

li 

5  

69.6 
69.6 
69.6 
69.6 
69.6 
09.6 
60.6 
69.6 

09.6 
69.6 
69.6 
80.0 
86.5 

80.0 
80.0 

96 

80.0 

27     

80  0 

a 

129.2     166.6 

80.0 

» 

30 

81 

129.2 
129.2 
129.3 

156.6 
156.6 
1.53.6 

149.2 

80.0 
80,0 
80.0 

Arenge.: 

70.8 

70.6 

77.1 

77.7 

100.2 

112.2 

85,0 
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Estiniated  numthly  discharge  of  Skaneatrlat  otttlet  at  WUiow  Glen  weir,  i windtap 

diversion  for  supply  of  Syracuse, 

[Drainage  area,  7^  Hqiiare  mUes.] 


Month. 


Mean  dte- 

.charge  in 
second-    SeoQod-f eet  tv—,!,  _ 
feet.        peraqiv^*  ^^"^^ 
mue. 


1901. 


Jtdy 

An^n^ 

September  . 

October 

November  . 

December . . 


142. 
114. 
101. 
117. 
121. 
100. 


1902. 


January 

February 

March 

April 

May -   

June 

July 

August I     168 

September 146 


I 


88. 
88. 
96. 
»4. 
94. 
95. 
119. 


6 
0 
6 
3 
2 
3 

6 
5 
1 
5 
5 
5 
2 
5 
6 


1 

1.54  ] 
1.38 
1.58 
1.63 

1.35  < 

I 

1.20  i 

1.19 

1.30 

1.28 

1.28 

1.29 

1.67 

2.28 

1.98 


4  •» 


l.'n' 
1,44 

<9   i- 


Actual  rtin-off  of  SJcaneateles  outlet  at  Willow  Olen  weir^  190^,  in  seeond-fe^. 


January _ . .     70. 8  i  July 

February ..     70.5     August... 

March 77. 1  \  September 


149.: 

IT..' 


April 
May. 


75.0 
75.0 


October ll?  • 

November \it: 


June -  -  -   77. 7     December 


•Vl  »■ 
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SENECA  RIVER  AT  BALDWINSVILLE,  N.  Y. 

This  gaging  station  was  established  November  3,  1898,  and  is 
[escribed  in  Water-Supply  Papers  No.  36,  pages  183  to  184,  and  No. 
^5,  pages  128  to  131,  where  also  the  estimated  daily  discharge  and 
iionthly  run-off  for  preceding  years  may  be  found. 

Mean  daily  flow,  in  second-feet,  of  Seneca  River  at  BaldimnavUle,  N.  Y, 


inoe. 
1 

8 

3- 

4 

R 

6 

7 

8 

9 

0 

1 

2. 

8 

4 

5 

« 

7 

.8 

9 

» 

Jl 

«.^ 

S 

a 

» 

36 

!7 

» 

HI 

» 

n 


Jan. 


8,988 
8,977 
4,080 
3,480 
2,747 
8,666 
8,754 
8,580 
8,776 
8,875 
8,838 
8,065 
8,645 
8,178 
8,083 
2,605 
8,000 
3,045 
8.172 
3,198 
8,966 
8,250 
3,180 
8,008 
8,156 
2,000 
3,400 
2,980 
8,041 
2,854 
2,854 


Feb. 


2,756 
1,604 
2,989 
2,287 
8,814 
8,831 
8,812 
8,812 
1.617 
2,500 
2,470 
2,429 
2,666 
2,786 
2,587 
1,970 
8,500 
8,518 
8,655 

8,4n 

8,863 
8,060 
1,457 
8,887 
8,417 
8,010 
8,660 
2,882 


Mar. 


4,414 
6,017 
8,110 
8,890 
8,980 
0,406 
8,905 
9,061 
8,800 
0,874 
9,849 
9,061 
0,407 
9,237 
9,288 
8,428 
9,330 
0.498 
9,083 
8,808 
8,600 
7,923 
8,217 
8,801 
8,074 
8,936 
7,902 
7,667 
7,463 
6,516 
6,966 


Apr. 


6,500 
6,341 
6,080 
6,039 
5,704 
4,700 
5,587 
5.468 
5,314 
5,454 
5,560 
5,468 
4,700 
5,535 
5,400 
5,340 
5,444 
5,240 
5,173 
4,496 
5,454 
4,501 
4,480 
4,318 
4,165 
3,798 
3,474 
4,2»e 
3,868 
3,881 


May. 


3,738 
3,371 
8,490 
2,540 
8,406 
3,284 
8,283 
8,844 
8,864 
8,li» 
2,135 
3,583 
8,963 
8,551 
8,444 
8,567 
8,660 
1,657 
8,799 
2,514 
8,506 
1,662 
8,654 
8,705 
2,075 
3,441 
2,805 
8,785 
8,640 
2,389 
2,663 


June. 


Jnly. 


1,758 

2,717  ' 

2,700 

2,561 

1,717 

1,765 

2.366 

1,710 

2,863 

2,087  1 

2,443 

2,600 

2,516 

2,270 

1,631 

2,750 

2,790 

2,630 

2,606 

2,588 

2,315 

1,737 

2,641 

2,301 

2,108 

8,800 

2,146 

2,001 

1,364 

2,123 


2,057 
2,045 
2,148 
1,434 
1,867 
1,799 
2,406 
2,759 
2,931 
3,067 
3,344 
3,868 
8,580 
3,866 
3,311 
3,127 
2,960 
2,770 
2,648 
1,979 
2,605 
2,672 
3,210 
8,041 
8,527 
3,538 
8,974 
3,808 
3,931 
3,843 
8,795 


Aug. 


4,078 
4,006 
3,440 
8,963 
3,965 
3,870 
3,676 
3,509 
3,533 
3,807 
3,790 
3,643 
3,580 
3,463 
3,866 
3,876 
3,640 
8,169 
3,074 
3,097 
8,986 
8,825 
8,507 
1,999 
8,977 
2,678 
2,500 
2,870 
2,378 
2,387 
1,686 


Sept 


8,540 
2,688 
2,284 
8,168 
8,188 
1,987 
1,141 
8,406 
1,955 
1,874 
1,809 
1,863 
1,805 
1,813 
8,073 
1,951 
1,981 
1,355 
1,847 
1,700 
1,146 
8,818 
1,841 
1,887 
1,603 
1,545 
1,681 
1,296 
1,977 
1,785 


Oct. 


8,363 
1,960 
8,098 
8,001 
1,864 
3,498 
8,197 
2,146 
8,180 
8,188 
8,188 
1,396 
8,196 
8,223 
2,183 
2,292 
2,041 
2,748 
1,420 
2,671 
2,363 
2,217 
2,286 
2,331 
2,337 
1,720 
2,4^ 
2,401 
2,475 
2,312 
2,4% 


Nov. 


2,441 
2,529 
2,806 
2,770 
2,199 
2,593 
2,574 
2,643 
2,383 
2,834 
2,679 
2,263 
2,424 
2,504 
2,476 
1,946 
2,830 
2,612 
1.932 
2,626 
2,743 
2.292 
2,858 
2,917 
2,597 
1,941 
2,612 
2,887 
2,488 
2,631 


Dec. 


2.785 
2,576 
2,561 
2,506 
2,511 
2,419 
1,867 
2,723 
2,089 

i,9n 

1,816 
1,871 
1,786 
1,251 
1,967 
1,338 
1,796 
1,817 
2.114 
2,061 
1,980 
8,786 
3.366 
8,789 
1,477 
8,848 
2,040 
2,375 
3,251 
3,001 
3,048 
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Estimated  monthly  discharge  of  Seneca  River  at  BaidtrinsvUle,  X.  V. 

[Drainage  area,  3sl08  sqnaiv  mUes.] 


%-t 


Month. 

Meandis- 

cliarge 

insecoDd- 

feet. 

1902. 

Janoary -.   3,279 

Febrnary j  2,341 

March .J  8,375 

April -- 5,056 

May - 2,788 

June. - 2,264  ' 

Jnly 2,864 

Aognst - 3,114 

September 1, 848 

October - '  2,210 

November -.  ..  2,539 

December ,  2,252 


1.06 
.75 
2.70 
1.63 
.90 
.73 
.92 


1.2 


Vp 


The  year '    3,245 


1.00 

li^ 

.60 

X 

.71 

4« 

•      m 

.82 

X 

.72 

<. 

1.04 

14.2;: 

ONEIDA  RIVER  AT  OAK   ORCHARD,  N.  Y. 

Oneida  River  forms  the  outlet  of  Oneida  Lake  and  joins  Seneoa 
River  at  Three  River  Point  to  form  Oswego  River.  Owing  to  the 
large  surface  storage  in  Oneida  Lake  and  in  other  lakes  and  swamps 
within  the  watershed,  the  flow  of  the  stream  is  unnsoally  regular 
There  are  two  low  dams  in  the  stream ;  the  one  farther  downstrtts 
at  Oak  Orchard  is  a  State  dam,  having  a  lock  at  one  end;  the  uppe* 
dam  at  Caughdenoy  consists  of  five  W-shaped  barriers  or  eel  wei^ 
producing  a  combined  fall  of  5  feet  during  low  wat-er.  Navigation  is 
the  stream  is  maintained  by  a  lock  around  one  end  of  the  veiR^ 
During  extreme  high  water,  the  dams  at  Oak  Orchard  and  Caugbde 
noy  become  entirely  submerged.  There  is  a  dam  8  feet  high  a^ 
Phoenix  on  Oswego  River,  4  miles  below  the  mouth  of  Oneida  Ri^^r 
and  it  is  believed  that  backwater  from  this  dam  produces  a  smon?! 
surface  curve  in  Oswego  and  Oneida  Rivers  from  Phoenix  to  Oneica 
Lake  during  extreme  freshets.  The  gaging  station  was  establisht^ 
at  Oak  Orchaixi  August  30,  1902.  The  gage  readings  are  taken  fr\^- 
a  bulkhead  of  the  State  lock,  upstream  from  the  dam,  in  order! 
avoid  as  much  as  i)ossible  the  effect  of  backwater  at  ordinary  stag<^ 
until  its  extent  can  be  more  definitely  ascertained.  Gage  readloi:^ 
are  taken  twice  daily  at  7  a.  m.  and  6.30  p.  m.  by  Arthar  McAithu: 
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scliarge  measurements  are  made  at  Schroeppel's  bridge  0.4  of  a  mile 
low  the  dam.  The  bridge  has  five  spans.  The  current  is  smooth 
cl  relatively  deep  and  the  stream  bed  regular  and  fairly  permanent. 
le  !> ridge  spans  are  subdivided  into  smaller  sections  during  low 
iter  by  abandoned  bridge  piers  underneath.  A  current-meter  dis- 
arj^e  measurement  by  R.  E.  Horton,  July  22,  1902,  gave  the  fol- 
wing  results:  Gage  height,  2.75  feet;  discharge,  3,307  second-feet. 

?an  daily  gage  height ^  in  feet,  of  Oneida  River  at  Oak  Orchard,  N,  Y.,for  1909, 


jywLY. 

Arm. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

Day. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec 

4.13 
4.13 
4.18 
4.23 
4.83 
4.20 
4.20 
4.20 
4.20 
4.25 
4.80 
4.80 
4.30 
4.40 
4.40 
4.40 

4.50 
4.58 
4.50 
4.50 
4.45 
4.55 
4.50 
4.50 
4.40 
4.40 
4.40 
4.40 
4.45 
4.56 
4.50 
4.58 

4.05 
4.00 
4.05 
4.05 
4.05 
4.05 
4.08 
4.00 
4.05 

4.10 

4.10 

4.05 

4.00 

4.05 

4.10  ■ 

4.10 

4.40 

4.20 

17 

4,40 
4.40 
4.40 
4.40 
4.50 
4.58 
4.58 
4.50 
4.50 
4.50 
4.60 
4.60 
4.68 
4.58 

4.50 
4.50 
4.45 
4.40 
4.40 
4.88 
4.88 
4.80 
4.40 
4.28 
4.85 
4.80 
4.80 
4.10 
4.10 

4.00 
8.05 
4.05 
4.05 
4.15 
4.20 
4.15 
4.10 
4.10 
4.10 
4.15 
4.20 
4.15 
4.15 

1 

4.00 

18 

8.90 

19 

a85 

1 

20 

8.70 

21 

8.60 

22 

a55 

28 ' 

8.40 

1 

1 

24 

8.25 

1 

25 

8.20 

4.10  ;  4.05 
4.05     4.05 

26 

8.10 

27 

8.20 

4.08 
4.10 
4.05 
4.10 
4.10 

4.00  ' 

4.00 

4.00 

4.00 

4.00 

28 

8.20 

t 

20 

8.15 

1 

30 

4.00 
4.05 

8.16 

\ . 

31 .\ 

8.25 

\ 

OSWEGO  RIVER  AT  FULTON,  N.  Y. 

During  the  freshet  of  March,  1902,  a  series  of  observations  of  the 
lepth  on  crest  of  the  lower  water-power  dam  on  Oswego  River  at 
I'ulton  was  taken  by  O.  C.  Breed,  C.  E.  The  dam  has  a  horizontal 
jrest  521  feet  in  length.  The  discharge  has  been  calculated  by  the 
veir  formula,  using  coefficients  adapted  to  the  cross  section  in  ques- 
;ion,  selected  from  the  United  States  deep  waterways  experiments  on 
lams  at  Cornell  University.  On  days  when  water  wheels  were  run- 
ning at  the  time  of  the  gage  height  observations,  the  amount  of  water 
carried  around  the  dam  in  headraces  has  been  added  to  the  flow  from 
the  spillway,  the  proper  allowance  having  been  determined  by  obser- 
vations during  low  water  of  1900.  The  drainage  area  above  the  dam 
is  4,916  square  miles. 
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Discharge  of  Oswego  River  at  Fulton,  X.  Y. 


Date. 

Time. 

DiKharg«. 

Bia'f 

March  2... 

1902. 

9  a.  m 

Secemd-fet. 
« 10, 200 
13,700 

19,200 
19,700 
18,000 
18,700 
21,400 
20,215 
21,100 
19,400 
15,500 

Do_ 

5p.  m - 

AS. 

March  8 

7a.  m_ 

(?)p.m 

9  a.  ni- 

■J* 

Do..._ _ 

4.'» 

March  9 

■\'i 

March  10 _ 

10  a.  m 

12m 

10  a.  m ... 

8  a.  m 

10  a.  m 

9  a.  m 

i  "* 

March  13 

4? 

March  16 

4i: 

March  17 

if 

March  23 

1 

Marrh  80 

v:^ 

« Ice  went  off  from  pond  aboye  dam. 
OSWEGO  RIVER  ABOVE  MINETTO,  N.  Y. 

This  gaging  station  is  described  and  daily  elevation  of  water  sur- 
face for  1900  and  1901  is  given  in  Water-Supply  Paper  No.  (Jo,  pa?-^ 
134  to  136.  The  cable  way  from  which  discharge  measnremente  «^ 
made  is  situated  three-fifths  of  a  mile  below  Battle  Island  dam.  Tt'^ 
gage,  from  which  observations  are  taken  twice  each  day  by  H.  L 
Woodcock,  is  2,930  feet  upstream  from  the  cable. 

Mean  daily  flow^  in  second-feet,  of  Ostcego  River  above  Minetto,  X  }. 


Day. 


3. 


6. 


8. 


10. 
11. 
12. 
18. 
14. 
15. 
16. 


Sept. 


1900. 


Oct. 


1,586 
1,586 
1,745 


Nov. 


l,6aK) 
1,620 
1,680 
1,704 
1,704 
.1,704] 
1,280 
1,848 
1,914 
1,704 
1,872 
1,996 
S,040 
1,662 
1,746 
1,914 


X^wCa 


2,280 
2,280 
1,552 
1,662 
2,184 
2,424 
2,520 
2,472 
2,876 
2,280 
1,746 
2,688 
2,576 
2,632 
2,632 
2,576 


6,080 

5,819 

is,  448 

6,448 

10,644 

12,477 

12, 4n 

12,477 

12,150 

11,714 

11,496 

11,060 

11,060 

10,748 

9,917 

9,917 


Day. 


r 


17. 
18. 
19. 
20. 
21. 
22. 
I  23. 
24. 

>- 
I  26. 

,'27. 

i  28. 

;29. 
i»- 

!si. 


1900. 


Sept 


1. 
1,680 

1.518 

1,662 

1,746 

1,704 

1,966 

1.662 

1.314 

1,518 

1,680 

1.566 

1.586 

1,682 


Oct 

KoT. 

> 

2,136 

t« 

v*. 

2,040 

tc:t 

2.040 

Itf* 

]  f: 

2,4K 

tm 

Kt 

1,280 

tm 

KU 

1  m 

p- 

2,3» 

}'  ' 

1.7D4 

*1     i 
i 

1.704 

»i' 

1,746 

ifl» 

}•' 

1,748 

3.6S6 

• '. 

1,3» 

4,5» 

f»: 

2,136 

5,»r 

i^ 

2.83S 

e,» 

il:. 

2,376 

I* 
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('it  II  daily  flow,  in  second-feet,  of  Oswego  River  above  Minetto,  N.  YJ — Contiimed. 


Day. 


» 


1901.  I 

5,297 
4,8S0 
4,586 

4,4ao 

5,138 
I  4,217 
4,389 
4,506 
5,906 
5,3ft4 
5,993 
6,172 
6,448 
6,540 
6,724 
7,099 
5,993 
5,471 
5,297 
5,054 
4,506 
5,645 
5,906 
5,645 
5,297 

J 5,132 

r 4,820 

i 5,668 

» '  5,819 

0 '  5,906 

1 I  6,080 


6,540 
5,906 
5,210 
4,976 
4,820 
4,742 
4,508 
4,508 
4,075 
2,472 
3,836 
3,464 
3,336 
8,080 
3,206 
8,208 
3,080 
2,912 
2,800 
2,800 
2,912 
2,866 
2,968 
3,080 
3,206 
2,800 
3,144 
2,744 


Mar. 


2,866 

3,336 

3,862 

4,075 

3,862 

8,616 

3,692 

4,004 

4,288 

4,506 

4,508 

4,820 

4,898 

5,819 

5,993 

6,172 

6,540 

6,816 

9,505 

10,748 

13,688 

12,368 

13,688 

13,688 

17,955 

19,118 

18,800 

20,540 

20,777 

20,308 

19,711 


Apr. 


May. 


18,190 
18,080 
18,550 
18,190 
18,190 
18,300 
18,080 
18,425 
18,190 
18,080 
18,560 
18,650 
18,300 
17,830 
17,7L5 
17,830 
17,955 
18,080 
18,675 
19,855 
20,066 
20,066 
19,829 
19,948 
20,066 
19,829 
10,820 
19,829 
19,000 
18,080 


17,475 

16,990 

il8,174 

|l5,832 

15,377 

14,925 

14,812 

,14,300 

13,912 

13,464 

|l2,804 

12,368 

12,041 

11,  n4 

|ll,387 

11,169 

10,540 

9,608 

j  7,297 

9,196 

;  8,790 

7,099 

6,908 

6,906 

6,816 

6,816 

7,000 

7,000 

7,198 

7,198 

6,816 


June. 


7.792 


7,792 
7,792 
7,297 
6,816 
6,540 
7,891 
6,060 
6,060 
6,264 
6,264 
6,366 
6,682 
7,090 
7,297 
7,396 
7,694 
7,000 
6,816 
6,816 
6,816 
6,816 
6,816 
7,000 
7,099 
6,816 
7,891 
13,576 
7,198 
6,816 


July. 


6,724 
6,540 
6,264 
6,060 
5,906 
5,782 
5,645 
5,471 
5,471 
5,471 
4,976 
5,054 
5,064 
4,146 
4,217 
4,075 
3,983 
3,656 
3,528 
8,400 
3,144 
3,400 
8,336 
3,400 
3,206 
3,272 
3,272 
3,400 
3,400 
3,144 
2,968 


Ang. 


2,856 
2,688 
2,688 
2,472 
2,632 
2,744 
8,272 
2,912 
2,744 
2,688 
2,688 
3,080 
2,688 
2,688 
2,866 
2,800 
2,800 
2,800 
2,688 
2,520 
2,520 
2,520 
2,688 
2,744 
2,682 
8,144 
3,024 
3,272 
3,144 
3.024 
3,206 


Sept. 


2,744 
2,744 
2,856 
3,024 
3,144 
3,144 
8,060 
3,208 
3,400 
3,336 
3,272 
3,336 
3,080 
3,024 
2,632 
3,400 
8,272 
8,060 
8,272 
3,336 
8,628 
2,968 
3,336 
2,968 
3,060 
2,744 
2,968 
3,464 
2,632 
2,856 


Oct. 


2,968 

2,866 

2,912 

3,144 

3,144 

2,744 

2,866 

2,912 

2,912 

8,024 

3,208 

2,912 

2,  .576 

2,968 

3,144 

8,144 

3,206 

3,144 

3,272 

2,912 

8,272 

8,272 

4,288 

2,912 

4,288 

3,206 

3,024, 

3,060 

3,080 

3,206 

8,080 


Nov. 


3;  080 
3,272 
3,024 
2,968 
2,856 
3,024 
3,080 
3,024 
2,968 
3,272 
3,400 
3,336 
3,464 
3,464 
3,400 
3,791 
8,272 
3,386 
3,272 
3,336 
3,464 
3,464 
3,502 
4,146 
4,359 
4,506 
5,132 
54297 
5,645 
5,819 


Dec. 


4,rj06 

4,353 

4,288 

4,288 

4,369 

4,288 

4,217 

4,586. 

5,210 

5,297 

5,645 

6,264 

6,908 

11,496 

11,387 

13,022 

13,240 

18,131 

13,022 

12,150 

11,496 

11,606 

11,883 

12,269 

12,868 

1:2,586 

12,477 

11,982 

12,685 

11,828 

11,169 
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Mean  daily  flow  ^  in  second-feet  ^  of  Oswego  River  above  Minetto,  X.  F.— Cocti^L 


1 
2 
8 

4 
5 
« 
T 

.  8 

10 
11 
12 
18 
14 
15 
16 
17 
18 
19 
» 
81 


Bay. 


1808. 


10,866 

10,  Ui 

10,644 

10,882 

10,080 

10,080 

10,184 

10,28K 

10,388 

10,080 

9,711 

0,917 

9,814 

9,711 

8.990 

8,790 

8,800 

8,880 

8,190 

7,496 

6,816 

28 i  7,896 

28 !  5,819 

24 '  7,891 

25 '  7,69EJ 

26 7,584 


27 7,297 

28 7,099 

29 7,297 

80 '  5,906 

81 !  7,896 


Feb. 


7,896 
7,297 
7,198 
7,896 
7,207 
7,099 
5,210 
7,000 
6,906 
6,908 
6,682 
6,816 
6,906 
6,724 
6,540 
6,540 
6,724 
6,724 
6,540 
5,054 
4,820 
4,490 
4,480 
4,506 
4,686 
4,566 
4,896 
7,495 


Mar. 


8,690 
14,690 
19,287 
19,000 
18,900 
19,237 
19,000 
18,660 
19,000 
19,000 
19,865 
19,829 
21,518 
21,518 
21,400 
19,948 
20,086 
|20,54O 
20,185 
|20,aOB 
19,829 
;i9,711 
19,000 
18,426 
17,965 
17,600 
17,280 
16,516 
16,000 
16,402 
16,060 


Apr. 


16,  n8 
15,151 
14,812 
14,686 
14,473 
14,024 
14,248 
18,912 
|l8,800 
13,576 
!l3,464 
|13,240 
18,181 
'12,918 
ri2,804 
!l2,696 
il2,696 
12,477 
12,041 
jlO,862 
11,278 
11,060 
10,748 
10,486 
10,228 
10,020 
8,690 
9,096 
9,006 
9,093 


8,890 

8,790 

8,690 

8,190 

8,890 

8,090 

7,792 

7,896 

6,908 

6,906 

6,448 

6,724 

6,682 

6,540 

6,8B6 

6,172 

5,906 

5,182 

5,568 

5,182 

4,806 

I  4,880 

I  4,586 

I  4,586 

I  4,800 

I  6,682 

I  6,540 

6,688 

6,724 

6,816 

I  6,866 


July.  I  Ajig.  I  Sept.    Oct    Hat.  W 


6,080 
6,172 
6,060 
5,903 
5,908 
5,908 
5,906 
5,788 
6,264 
6,866 
6,448 
6,540 
6,816 
6,540 
6,264 
6,446 
6,540 
6,356 
6,264 
6,080 
6,172 
5,906 
6,080 
6,172 
6,864 
6,856 
6,172 
5,998 
6,080 
6,448 


7, 
7,891 

8, 

8, 

8,500 

8,290 

8,790 

8,790 

8.690 

8,690 

8,600  i 

8,490  , 

8,400 

8,290  ' 

8,090  I 

7,798  . 

8,290 

6,816 

7,297 

7,009  i 

7,099  I 

7,495 

7,801 

7,792 

8,090 

8,190 

8,290 

8,280 

8.090 

7,891 


8,990 

7,207 

8,890 

8,190 

8,000 

8,090 

8,200 

7,801 

7,900 

8,200 

8,000 

8,500 

7,990 

7,000 

7, 

7, 


7,696     7,108 


7, 

6,632 

6,640 

6,864 

5,008  j 

5,006 

5,645 

5,645 

5,558 

4,076 

5,210 

5,064 

5,064 

4,430 


4,742 

4,748, 

4,566  I 

4,586 

4,480^ 

4,288  ' 

1,416 

4,004 

1,346 

1,620 

1,586 

1,518 

1,680 

1.484 

1,562 

1,562 

1,620 

3,868 

8,983 

8,868 

8,400 

3,464 

3,464 

3,464 

3,896 

8.336 

3,386 

2,968 

3,278 

3,886 


S.466   &.« 
3.96   a.:S 


4,004 

4,sn 

4.004 


4.146  &,« 
4.144  &.» 
4,20   &.» 

4,2B8  ^ta 
4,S88    3,904 

4,0M  &.:s 

4,146  5,;% 
4.2W    $.SS^ 

a,4n 
4.W 
h.'X 

s.» 

6.3? 
S.W 
6.9H 
6.a6( 


4.2W 
4,566 

4.742 

4.742 
4,490 
4.SW 

i,m 

4.664 
5,210 
5.884 
5,566 
5.566 
5,568  '  i,i:S 
5,568  6.091 
5,732  .  5,At 
5,ia8|S,64» 
5,788' 


15 


iS 


4  . 

til 

4n 

*  * 

5  3- 

;•*■ 
19 
ia 

lis 


if 
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Estimated  monthly  discharge  of  Oswego  River  above  Minetto,  N»  Y, 

[Drainage  area,  4,980  aquare  miles.] 


Month. 


1900. 


ptember 

jtober 

ovember. 
Bcember . 


Mean  dis- 
charge. 


8ec.-ft. 
1,644 
1,828 
2,797 
9,465 


1901. 


mnary 

ebmary  . 

[arch 

pril 

Lay 


ane 

uly 

i-ngnst 

eptember 
tetober . . . 
f  OYember 
)eceinber . 


The  year 


1902. 


5, 475 
8,667 
9,499 
18, 721 
10,967 
7,215 
4,428 
2,813 
3,097 
3,118 
3,668 
9,158 


6,819 


fannary 8,722 

February 6,238 

llarch - 18,540 

\pril I  12,845 

tfay I    5,567 

Tnne '    6,216 

Inly '    8,056 

Augnst - \    6,998 

September '    3, 057 


October .  _ . 
November. 
December . 


The  year 


4,648 
5,797 
5,116 

7,608 


Btm-off. 


Second-feet 

per  aqnare 

mile. 


0.32 
.36 
.56 

1.89 


1.09 

.73 

1.90 

3.74 

2.19 

1.44 

.88 

.56 

.62 

.62 

.73 

1.83 


1.36 


1.64 
1.26 
8.71 
2.47 
1.31 
1.24 
1.61 
1.40 

.61 
1.16 

.94 
1.02 

1.53 


Depth  In 
inches. 


0.36 
.41 
.62 

2.18 


1.26 

.76 

2.19 

4.17 

2.52 

1.61 

1.01 

.64 

.69 

.84 

.81 

2.11 


18.61 

1.89 
1.31 
4.28 
2.76 
1.51 
1.38 
1.86 
1.61 
.68 
1.08 
1.29 
1.18 

20.83 
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Ourrent-'ineter  ducharge  measurements  of  Q/awego  IHver  at  eabie  ftoios. 


Date. 


1902. 


Angnst  19. 

Do... 
July  21... 
July  .9 

Do... 
JnlyS 

Do... 
Aprill... 
HarchSl. 


Hydrofprapher. 


E.  C.  Mnrphy 

do 

R.  E.  HoHon. 
E.  C.  Murphy 
do 


do 
do 
do 
do 


ofvater 


Dif- 


»7.S4 
87.44 
oT.Ci 
®.3T 
^41 
88. 4S 
88.44 
91.5S 


*■.. 


91. 


II 


eft 

I  At 
15.  sc 


A  rating  curve  for  the  cross  section  at  the  cable  station  hai  be?3 
plotted  from  the  above  discharge  measurements  and  those  previously 
made  and  the  daily  discharge  and  run-off  calculat<ed  as  given  in  tin 
accompanying  tables.  No  allowance  for  water  diverted  to  Osre? 
Canal  has  been  made.  It  is  the  intention,  however,  to  make  »»nft 
of  measurements  of  the  flow  in  this  canal. 

March  13  at  5  p.  m.  the  stream  reached  an  elevation  of  water  ssr- 
face  of  94.45  corresx)onding  to  a  discharge  of  about  22,500  second-ft^'. 
or  4.5  second-feet  per  square  mile.  The  ice  flowed  out  of  the  letti  J 
which  the  cable  is  situated  March  7. 


OSWKQO  RIVER  AT  HIGH  BAM,  NEW  YORK. 

This  gaging  station  is  described  and  the  mean  daily  dischaw  ^ 
run-off  for  1897  to  1901,  inclusive,  are  given  in  Water-Snpply  W 
No.  65,  pages  137  to  139.  Owing  to  the  irregular  and  uneertein<?*^ 
dition  of  flashboards  on  the  dam  it  has  been  impossible  to  calculi-* 
the  discharge  for  the  year  1902  in  a  reliable  manner,  and  the  rw^*^ 
is  withheld  until  additional  information  can  be  secured.  Acurrer- 
meler  discharge  measurement  of  the  flow  in  the  headrace  at  the^i^s 
was  made  July  21,  1902;  all  water  wheels  were  running  and  the  iBt*^ 
ured  flow  was  650  second-feet,  the  effective  head  on  the  turbines  y'- 
13  feet. 
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ST.  I.AWRENCE  RIVER  DRAINAGE  BA8IN. 

RAQUETTE  RIVER  AT  HANNAWA  FALLS,  N.  Y. 

The  watershed  of  this  stream  is  described  in  Water-Supply  Paper 
X  1)5,  pages  36  to  38.  A  gaging  record  at  the  dam  of  the  Hannawa 
ills  Water  Power  Company  has  been  kept,  beginning  September  1, 
02.  The  record  includes  the  depth  flowing  over  the  crest  of  the 
im,  the  number  of  hours  run,  and  width  of  gate  opening  of  each  of 
e  two  pairs  of  water  wheels  in  use.  The  nominal  working  head  is 
feet.  A  record  of  the  height  of  the  water  in  the  f orebay  and  also 
the  tailrace  is  kept,  from  which  the  variations  in  the  effective  head 
tn  be  determined  for  the  purpose  of  calculating  the  discharge  through 
e  turbines.  The  height  of  opening  of  the  waste  gates  used  for  log 
uicing  and  freshet  control  at  the  dam,  and  of  the  overflow  gate  at 
LC  entrance  to  the  jwwer  canal  is  also  recorded. 

BICHEUEU  RIVER  AT  FORT  MONTGOMERY,  N.  Y. 

Richelieu  River,  the  outlet  of  Lake  Champlain,  leaves  the  lake  at 
ouse  Point  near  the  international  boundary  between  New  York  and 
anada.  A  record  of  the  daily  stage  of  the  lake  at  its  outlet  has  been 
ept  since  January  1, 1875.  Data  for  reducing  the  observed  elevation 
I  water  surface  to  equivalent  discharge  in  the  outlet  were  obtained 
y  the  United  States  Board  of  Engineers  on  Deep  Waterways  at  the 
hambly  dam  in  1898.  The  resulting  calculated  monthly  mean  flow 
Qd  other  discharge  data  are  to  be  found  in  Water-Supply  Paper  No. 
5,  pages  38  to  42.  Through  the  courtesy  of  Capt.  Harry  Taylor, 
'.  S.  Army,  the  gage  readings  taken  daily  are  reported  each  week  to 
le  United  States  Geological  Survey. 

The  gage  readings  are  taken  by  measuring  with  a  rod  the  depth  of 
ater  on  the  base  of  the  scarp  wall  of  the  north  bastion  of  Fort  Mont- 
omery  about  3  feet  from  the  angle  with  the  east  curtain  of  the  fort. 
lie  elevation  of  this  datum  is  95  feet  above  tide.  The  gage  read- 
igs  are  referred  to  a  datum  1.5  feet  lower;  1.5  feet  being  added  to 
lie  measured  depth  to  obtain  the  recorded  gage  height.**  During 
winter,  when  the  lake  is  frozen  over,  the  gage  height  is  measured  in 
n  open  well,  which  does  not  freeze,  situated  within  the  fort  inclosure. 

a  The  gage  zero  elevation,  WJ50  above  mean  tide  at  New  York,  ia  the  lowest  recorded  stage  of 
le  lake. 
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Mean  daily  flou\  in  aecond-feet,  of  Richelieu  River  at  Fort  Montgomery,  v. 


Day. 


i9oe. 


1 

2 
3 
4 

5 
6 
7 

8 

0 

10 


Jan. 


Feb. 


Mar. 


13,240 
13,9601 
18,S40' 
13,24o! 
18,600* 
13, 240* 
18,240; 
12,880 
12,880 
12,700 


11 1  12,680 

12 1  12,580 


13 
U 
15 


12,700 
12,340 
12,520 


16 1  12,340 


17 
18 
19 


11,980 
12,160 
11,630 

20 i  11,630 

21 11,460 

22 11,2B0] 

23 11,630 

24..., I  11,460 

25 1  11,480 

26 1  11,880 

27 '  11,630 

28 1  11,460 

29 !  11,630 

30 

81 


11,460 
11,460 


Mean...'  12,295 


11,460' 
ll,460l 
11,460| 
11,460, 
11,630 
ll,460j 
11,460 
11,290 
11,290 
11,290 
11,120 
11,120 
10,960 
10,950 
10,960 
10,780 
10,780 
10,780 
10,610 
10,610 
10,440' 
10,270[ 
10,270 
10,270 
10,100 
10,100 
10,100 
10,100 


Apr. 


10,610 
12,160 
15,880 
19,500 
21,260 
22,180 
22,660 
22,660| 
23,140, 
23,380 
23,620{ 
23,620] 
25,140'' 
27,860| 
29,91 


May. 


■1 


10,877 


81,460l 
34,020 
35,010 
35,340 
35,840 
36,000| 
36,700| 
37,060 
37,060 
86,700 
87,400 
87,060 
86,850 
86,000 
87,060 


37,400 
86,700 
86,860 
86,000{ 
35,840] 
35,010 
84,360' 

33,8eo| 

31,T?0 
32,390^ 
3i,39o' 
32,08o! 
32,890J 
32,080 
31,770 
31,150 
80,220 
29,910 
29,910| 
29,810l 
28,440| 
20,02o| 
28,440 
27,880 
27,570 
29,020 
27,280 
26,700 
26,700 
27,670 


Jane.  I  July 


Aii«.  I  Sept.  i  Oct.    5(iT.  I* 


28,700  31,282 


26,440 
26,180 
26,440 
26,180 
25,900 
25,140 
26,700 
25,140 
24,100 
23,380 
23,620 
23,140 
22,660 
21,700 
21,700 
21,700 
21,040 
20,600| 
20,380, 
19,600, 
19,720 
19,290 
18,870 
18,240 
18,680 
18,870 
18,870 
19,940 
21,940 
21,040 
21,700 


22,212 


22,180 

a.  Tool 

21,040 
17,820 
21,200 
21,040 
21,480 
20,160 
20,380 
20,380 
20,600 
20,160j 
20,380| 
19,940 
20,820 
20,880 
21,0i» 
21,280 
21,70O| 
21,04OJ 
21,040 
21,040 
20,880 
20,380 
19,940 
20,160 
19,600 
19,080 
18,870 
19,080 


»,450| 


20,474 


18,6e0| 

18 

18,240' 

18,0901 

17,«10| 

18,4fiO| 

17.8801 

17,400 

16,640l 

18,aB0 
17,400, 
16,450 
16,0IO 
15,880* 
15,8LO' 
16,07O| 

is.iaoj 

15,S10{ 
15,12o' 
15,dOO> 
15,120i 
L5,310| 
15,910i 
15,500 
15,090, 
15,000' 

14,990 
14,740l 
14,740 


16,838 


U,740 
15,1»| 

14,9901 
14,3001 
14,170| 
14,550| 
14,980) 

14,170, 

14,170 

14,380 

13,790 

13,600 

13,790! 

13,4a) 

13,420' 

13,060 

12,880, 

12,880 

12,700; 

13,60o| 

12,880 

12,340! 

12,160 

11,980 

12,340 

11,980 

11,800 

11,960 

11,800 

11.460 


11.630 
ll,29d 
11,290 
10,440 
10,270 
10.610 
11,290 
10,440 
10,950 

io,ioo! 

10,780 
10.27o' 


9.9» 

10,270' 

10,100 

10,100 

12,160| 

9,88a 

9.560 

9,980' 

10,100 

9,990 

9.060 

9,250 

9,990 

9.420 

9.2S0 

8,740 

8,910 


9,080  RS:' )  > 

Ksm  w,»i:  • 

8,740  ll.»P 
8,«0  Mi,«B»  }  *• 
8,910  Rfiit  1-: 
8,53»  11,»  Kia 
9.490  laS)}.'*' 

8,5?0i  id,4e  > :« 

8,4001  ia€l"  v^ 
8,100  lil.KI>  :  '.^ 
9,430  M.SP  5« 
8,000  !•  10  9X 
9.060  ICUP  rti 

8,230  mm  ■»•■* 

8.910  mail'  t-C 

8,0»  ifl,44>  :^:i 

8,290  W,i»  ^'.^ 
R,KO  U,»  K-i» 
8,S0  11,1»  «» 
&4Q0I  m,^  1' 
7,«80  11,1*  'r  - 
8.5ai|  11.M8  *  S 
7,550  M,^  1'  ^ 

io,iflo|  ii,» ;  n 

7,»0  lfl,W»i:ii 
8,5^  10,W)  :i3 

9,2so'io,wi:3» 

8,009  B»,4#»  n.» 
8,5m  lfl,S»  L.fi 

9,7a^io,?i>n5 

9,7» "» 


13,315 


10, awl  8,657  ifl.:ri  4* 
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timated  monthly  discharge  of  Lake  Champlain  drainage  basin  at  Oiamhly, 

Province  of  Quebec, 

[Dramage  area,  7,750  square  miles.] 


.nuary . . . 
?bruary  . 

arch 

pril 

ay . 

me 

ily 

agnst.  _ . . 
jptember 
ctober  _ . . 
ovember. 
ecember . 


Month. 


1902. 


Mean  dis- 
charge. 


Second-feet. 
12, 295 
10, 877 
28,700 
31,282 
22,212 
20, 474 
16, 338 
13,315 
10,206 
8,657 
10, 777 
10, 405 


Bnn-off. 


Second-feet 

per  aquare 

mile. 


The  year 16,299 


1.59 
1.40 
3.70 
4.04 
2.87 
2.64 
2.11 
1.72 
1.32 
1.12 
1.39 
1.34 


2.10 


Depth  in 
inchen. 


1.83 
1.42 
4.27 
4.51 
3.31 
2.95 
2.43 
1.98 
1.47 
1.29 
1.55 
1.54 


28.55 


MOHAWK  RIVER  DRAINAGE  BA8IN. 


ORISKANT  CREEK  NEAR  ORI8KANY,  N.  Y. 

This  gaging  station  was  established  at  Wood  road  bridge,  1  mile 
bove  Oriskany  village,  June  25,  1901,  taking  the  place  of  a  station 
reviously  maintained  at  the  New  York  State  dam  at  Oriskany.  Both 
tations  are  described  and  records  given  for  preceding  years  in  Water- 
upply  Paper  No.  65,  pages  145  to  149. 

Uirrent-meter  discharge  niecunirements  of  Oriskany  Creek  at  Wood  road  bridge. 


Date. 

Hydrographer. 

Ga^e 
height. 

Discharge. 

1902. 
)epteinber9 

C.  C.  Covert 

Feet. 
2.00 
5.12 

Secondr-feet. 
275 

i!arch3 

R.  E.  Horton 

2,125 

w 
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March  1,  1902,  the  calculated  discharge  over  the  Waterbuiy  dair  * 
Oriskany  was  5,200  second-feet,  the  gage  reading  at  Wood  n*. 
bridge  being  8.26  feet.  This  was  taken  after  the  ice  floe  pa**-! 
downstream. 

The  calculated  maximum  discharge  of  Oriskany  Creek  dnriiuv 
freshet  of  December  15-16, 1901,  was  7,350  second-feet,  or  51.4!?er  iv 
feet  per  square  mile. 

Mean  daily  gage  height,  in  feet,  of  Oriskany  Creek  near  Orutfemy,  A'.  5'. 


Day. 

Jan.  1  Feb. 

Mar. 

Apr. 

May. 

June.' July.  Aug.  8ept. 

Oct  >'.'  > 

1902. 

1 

1 

1 

' 

1 

1 

3.70  1  3.0) 

8.00     2.60 

1.85 

1.80  i  2.50  i  2.50  ;  1.50    taO   !»'    :« 

t 

4.40 

3.00 

7.00     2.90 

1.80 

l.eo  ,  2.10     2.90    l.»    i.Td  i5    : 

3 

4.70 

3.00 

6.00     3.10 

2.05     2.15     2.70  '  2.40  j  2.»    1«   t%    i^ 

4 

4.45 

3.50 

4.80     2.75 

2.40     a05     3.30  1  2.30    2.:5  i  LTD   t*    - 

5 

4.00 

3.40 

3.45    2.70 

1.90 

2.50 

4.30  .  2.00]  2.L7    l.n)  i*    -^ 

6 

3.00 

3.20 

2.C5     2.60 

1.90 

2.C5    aeo  1  aTo  i.TO't*  t*  -» 

7 

3.85 

3.05 

2.€0 

2.50 

1.90  i  2.00     3.50  ,  3.10  \  1.95    13D   tV     f 

8 

:j.fc 

3.00 

2.70 

2.40 

1.80 

2.40     3.30     3.25    1.66    2.15   t«      " 

».. 

3.00     3.00 

2.60 

2.65 

1.80 

aiO  1  2-90  1  2.40  ;  1.80    IW   2*.      * 

10 

3.40  '  2.m 

2.75 

3.25 

1.75 

aSO     a  To  ,  2.06    2.21)    1»   1*'     > 

11 

3.00     2.80 

3.00 

2.70 

1.65 

3.10  i  2.80     2.45'  1.90  '  l.«5   1^    ' 

12 

3.15     3.10 

6.10 

2.45 

1.60 

2.70  1  2.40  i  2.25    1.70    L65   i*    ' 

i:i 

2.80 

3.10 

6.05 

2.70 

1.60 

2.20  1  2.00     2.00     1.40    l.W   **    ' 

u 

2.60 

3.10 

4.00 

2.65 

1.60 

2.25  1  1.80     2.00  1  1.40    L«   i*    »' 

15 

2.00 

8.10 

3.90 

2.40 

1.00 

2.25     2.70     1.80  !  l.fl)    l-C    ^«•    ' 

ir, 

2.  CO 

3.10 

4.15 

2.40 

1.20 

2.00  '  2.60     1.60  I  l.eo    l.«5.1*    '" 

17 

3.00 

3.10 

5.80 

2.40 

1.20 

1.90  '  2.25     1.73     1.60    l.flO   2®    '.' 

18 

2.70 

3.10 

4.70     2.30 

1.40 

1.85     l.W     2.10    1.70  :1.»   *5 

19 

2.  CO 

3.10 

4.00  I  2.20 

1.50     2.00  ,  2.35  ,  2,30     1.60  1  IS   2,h'    » 

20 

2.60 

3.10 

3.05     2.S0 

1.K5 

1.90     2.50     2.10    1.40,  &10    1*    *• 

21 

2.«) 

3.15 

3.20    2.20 

1.60 

2.00  '  4.00  ,  2.10     1.35  1  2.39    1*    *' 

22 

3.70 

3.C0 

3.15  1  2.10 

1.40 

1.90  1  3.90     2.50     1.60    l.»    1^*     * 

23 

3.45 

3.20 

3.20  I  2.00 

1.25 

2.a)   a25 '  2.ro  1.50  i3d  1:"    • 

24... 

8.20 

3.20 

3.25  1  1.90 

2.00 

2.00  i  2.80  1  2.15  '  1.60  '  2.13    IS^      * 

&*> 

3.£0 
3.25 

3.40 
3.45 

8.00  1  l.CO 
2.80  ;  1.90 

1.90 
2.90 

1.80     2.65     1.90    1-60    l*   -^'     * 

20 

2.10     2.25     1.60  !  1.80    L»   i*     " 

27 

3.  €5 

3.90 

2.70  1  l.CO 

2.85 

2.00     1.90     1.4a  |  l.SO    2,00  i»     * 

28 

3.(» 
3.60 

5.00 

2.70  !  1.90 
3.06     1.00 

2.75 
2.80 

l.a^     2.60     1  85     1  AO 

5.10   %<•    "'" 

29 

1.85    2.70  ,  1.70 

1.9B 

a»  1*5  *' 

30 

3.50 

2.90 

2.00- 

3.20 

2.25     2.35  .  1.55    2L» 

190  lan    * 

31 

3.40 

2.70  ' 

2,70 

!  2.30     1.45    2.W 

'          1                 

MOHAWK  RIVER  AT  UTICA,  N.   Y. 

This  gaging  station  is  described  in  Water-Supply  Paper  >^' 
pages  151  to  153.     March  1  and  2,  1902,  a  freshet  occurred,  m^- 
panied  by  the  breaking  up  of  the  winter's  ice  accumulation,  v^^ 
raised  the  water  to  elevation  407.14,  the  estimated  diflchaige  I»^  • 
17,200  second-feet  from  the  drainage  area  of  500  square  miles,  or^^* 
second-feet  per  square  mile. 
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JidTean  daily  flow,  in  second-feet,  of  Mohawk  River  at  Utica,  N.  F. 


JDay. 


ifne. 

586 

631 
617 

484 

610 
471 

471 
471 
433 
433 

3U5 

845 

358 

408 

406 

883 
870 

370 

370 
385 
4:90 
1,050 
1,060 
562 

era 

729 
785 

firra 

510 

Feb. 


883 
484 
420 
420 
445 
445 
420 
420 
433 
420 
701 
420 
420 
420 
445 
445 
433 
433 
433 
433 
433 
445 
445 
471 
471 
638 
1,828 


Mar. 


11 
11 
10 

6) 

4, 

a 

1 
1, 
1, 


750 
150 
300 
800 
620 
840 
900 
810 
658 
155 


Apr. 


200 
805 
700 
542 
060 
640 


025 
065 
285 
380 
864 
705 
342 
140 
060 
020 
842 
240 
279 


1,264 

1,662 

1,295 

1,110 

1,140 

1,020 

800 

800 

2,065 

1,864 

1,186 

1,110 

1,005 

870 

728 

660 

688 

497 

458 

484 

438 

468 


May. 


1,872 
771 
662 


270 
383 
536 
562 
270 
1,520 


617 
523 
623 
662 
870 
3S0 


June. 


July. 


Aug. 


270 


880 
285 
895 
220 
206 
308 
433 
283 
245 
245 
585 


1,520 
2,085 
1,085 
1,110 
1,202 
701 


1,800 

743 

510 

673 

1,060 

681 

1,776 

1,065 

1,264 

1,080 


548 
549 


484 


800 
549 
484 
960 
2,180 
1,536 


1,568 


1,618 
1,972 
2,009 


8,642 


2,688 

1,619 

1,828 

1,810 

870 

701 

646 

860 

1,810 

1,586 

870 

701 

2,085 

2,767 

3,684 

8,200 

1,825 

1,005 

813 


408 
1,800 


488 
1,140 
1,295 
2,200 
1,520 
1,520 


Sept. 


388 
383 
270 
270 
446 


715 
1,536 
757 
617 
623 
484 


1,687 

1,658 

715 

433 


471 
484 
523 

484 

484 


484 
385 
471 
420 


888 
383 


^35 

1,282 

645 

aoe 

870 
845 
715 
510 
484 
562 
562 
562 
471 
458 
484 
220 
220 
245 
245 
320 
1,060 
743 


Oct. 


688 
743 
576 

484 
445 
510 
845 
1,288 
728 
484 
458 
458 
484 
471 
471 
458 
383 
805 


Not. 


1,800 


562 

3,200 
4,100 
3,085 
1,586 


1,585 
748 
748 
678 
659 
646 

1,080 
743 
575 
468 
589 
645 

1,060 
757 
631 
631 
662 
562 
589 
701 
608 
645 
876 
800 
788 
617 


2,085 

1,232 

855 


Dec. 


870 
786 
960 
2,065 
1,486 
687 
715 
900 
818 
701 
841 
728 


549 
617 
646 


2,661 
2,920 
2,850 
2,066 
2,280 
8,880 


2,620 
1,486 
1,080 


813 
757 
799 


(1  Below  limit  of  rating  curve. 
Current-meter  discharge  measurements  of  Mohawk  River  at  Utica,  N,  Y. 


Date. 


1902. 

iCarch  4 

rnlyl 

ruly3 

Tuly7 

August  22 

December  10 

December  11 


Elevation 
of  water 
surface. 


Feet. 
405.96 
398. 63 
400.43 
403.11 
395. 17 
395.97 
396.47 


Dis- 
charge. 


Sec./t. 

11,678 

2,071 

2,589 

4,391 

454 

«681 

«817 


Hydrographer. 


R.  E.  Horton. 
H.  R.  Beebe. 

Do. 

Do. 
C.  C.  Covert. 
R.  E.  Horton. 
C.  C.  Covert. 


a  Measured  through  6  inches  of  ice  at  Schuyler  street  bridge,  Utica,  N.  Y. 
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[»s 


Estimated  monthly  discharge  of  Mohawk  River  at  Utiea,  N.  Y. 

[Drainage  area,  800  square  miles.] 


Month. 


1902. 


January . . . 
Febmary  . 

March 

April 

May 

Jnne . . 

July 

August  ... 
September 
October . . . 
November. 
December . 


EuHiS 


Mtsan 
diarharge. 


Second-feet   jw.,- 


Second-feet 
531 

496 

3,475  ! 

902 

651 

1,023 

1,669 

774 

457 

1,016 

805 

1,368 


1.06 
1.^ 

i.ao' 

2.04  ' 

3.  as 

I 

1.54  1 
.91 

1.61 
2.74 


The  year 


1,097 


2.19 


••  r 


I.' 

1. ; 
1." 


&.!• 


REELS  CREEK  NEAR  UTICA,  N.  Y. 

Reels  Creek  is  tributaiy  to  the  Mohawk  River  from  the  nonb  at 
Utica,  N.  Y.  Its  drainage  basin  is  shown  on  the  Utica  sheet  of  tii^ 
United  States  Geological  Snrvey;  the  watershed  is  hilly.  Thes>ti^a!i 
receives  numerous  lateral  tributaries,  draining  deep  ravines  »e 
entering  the  main  stream  at  short  intervals  in  a  manner  condacivf| 
the  rapid  carrying  off  of  surface  waters^  The  watershed  is  m<>^ ) 
pasture  land,  some  timber,  and  a  small  percentage  of  cultivated  fiel«^ 
A  deep  soil  of  clay  and  gravel  is  underlain  with  loose  shale.  1^^^ 
is  very  little  swamp  or  "spring. ground."  Tributaries  which  head  2 
the  gravel  of  the  serrated  hillsides  as  a  rule  become  dry  at  tii^^ 
Others,  which  have  shale  beds,  are  fed  by  springs  of  perrolatiE-' 
water  which  h*vs  passed  through  the  glacial  drift  to  the  rock  horim 

In  KMK)  a  masonry  intake  dam  was  constructed  on  theslrwini^ 
miles  north  of  Utica  by  the  Consolidated  Water  Company,  of  I  '''■* 
Beginning  January'  1,  1901,  a  record  has  been  kept  of  the  wast*;?^^ 
this  dam,  as  well  as  the  diversion  for  water-supply  punxjses  ffl^f^ 
ever  water  has  been  taken.  A  recoi'd  of  the  precipitation  on  •• 
wat/ershe<l  has  been  kept  at  Deerfield  reserv^oir,  1  mile  do«Tistw«^ 
from  the  int-ake  dam.  The  records  of  rainfall  and  stream  flovha^' 
been  furnished  by  William  S.  Bacot,  civil  engineer. 

The  intake  dam  has  a  spillway  119.7  feet  long,  6  feet  in  width,  »5- 
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lope  downward  on  the  upstream  side  of  0.75  foot.  The  water  falls 
o  a  masonry  pool.  In  order  to  determine  the  low-water  flow  more 
jurately  than  could  be  done  by  calculation  of  the  discharge  over 
»  rouj^li  masonry  spillway  crest,  a  standard  thin-edged  weir  was 
istriicted  on  the  overflow  wall  of  the  water  cushion.  The  weir  has 
.•rest  29.02  feet  long,  with  two  complct.e  end  contractions.  The 
?st  is  of  steel,  set  perfectly  level,  and  readings  of  depth  are  made 

a  book  gage  set  in  a  stilling  box  G  feet  upstream  from  the  weir. 
c\  calculation  of  the  discharge  over  the  main  spillway  of  the  intake 
in  under  low  heads  was  made  by  running  constant  volumes  of  water 
er  botli  the  spillway  and  weir,  corresponding  to  different  depths  on 
e  spillw^ay,  and  the  data  so  obtained  have  been  used  in  reducing  the 
servations  taken  before  the  weir  was  constructed.  During  the 
riod  from  June  1,  1901,  to  May  1,  1902,  the  gage  was  read  as  a  rule 
\y  once  a  week.  During  the  remainder  of  the  record  the  observa- 
)ns  have  beon  taken  daily. 

There  are  no  dams,  ponds,  or  storage  reservoirs  above  the  point  of 
iging,  and  the  stream  receives  verj^  little  surface  contamination. 
lie  recoids  are  of  interest  in  that  they  show  the  natural  regimen  of 
small  stream  of  the  northern  plateau,  as  well  as  the  sequence  of 
.in fall  and  of  run-off  in  a  torrential  drainage  basin. 
The  basin  formed  by  the  intake  dam  has  a  storage  capacity  of 
% 000,000  gallons.  It  is  practically  always  filled  and  exerts  very  little 
ifluenco  on  the  rate  of  discharge  of  storm  waters.  The  gi'eatest 
iiown  freshet  in  the  stream  occurred  in  August,  1808.  Data  are  not 
mailable  for  the  calculation  of  the  discharge.  It  is  known  to  have 
reatly  exceeded  any  freshet  which  has  occurred  while  the  record  has 
een  kept.  It  is  probable  that  the  record  does  not  show  the  maximum 
ischar^e  on  March  1  of  1902,  as  the  daily  gage  reading  on  that  date 
'as  taken  before  the  flood  reached  its  highest  stage.  The  minimum 
ow,  since  the  installment  of  the  gaging  weir,  occurred  August  30  to 
epteuiber  1,  1902,  inclusive,  and  shows  a  discharge  of  0.4  second- 
oot  from  the  drainage  area  of  4.5  square  miles,  or  0.089  second-foot 
>er  square  mile.  The  drainage  area  of  the  stream  above  its  confluence 
s^ith  Mohawk  River  is  8.4  square  miles. 

Measurements  of  the  flow  of  Reels  Creek  at  a  point  2()0  feet  up- 
tream  from  the  intake  dam,  made  during  1902,  gave  the  following 
•esults: 

Discharge  inecumrtmentH  of  Reels  Creek. 


Date. 


1902. 


Ipril26 
Mays.. 
May  14 . 


Time.      Diac;harge. 


.  Second-feet, 

P.  M.  2.4 

P.  M.  ,  9.7 

A.  M.  ,  1.2 
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Surface  floats  were  used,  and  owing  to  the  low  velocity  and  s 
volume  of  discharge,  they  were  run  through  a  short  section  (35  feet; 

In  this  connection  may  be  given  the  data  relative  to  certain  other 
small  watersheds. 

The  maximum  discharge  of  Ballou  Creek,  which  enters  Molawk 
River  at  Utica  from  the  south,  is  calculated  from  the  observed  dr^l 
on  the  spillway  and  waste  gate  of  the  No.  4  reservoir  of  the  Utifi 
Waterworks  Company,  at  181  second-feet  or  130  second-feet  per 
square  mile  from  the  tributary  drainage  of  1.4  square  miles  nbor* 
point  of  gaging.  This  freshet  was  caused  by  a  verj-  heavy  thundrrr 
storm,  which  raised  the  water  in  the  reservoir  several  feet  in  an  hoar. 

Mean  daily  flow,  in  second-feet,  of  Reels  Creek  near  Utica  ^  A".  F. 


Day. 

Jan. 

Feb. 

1.75 
1.75 
1.75 
1.30 
1.30 
1.30 
1.80 
1.30 
1.30 
1.80 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

(") 
1.38 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

1 

Sept.    Oct.    Not.  I*^ 

1 

1901. 
1 

1 

1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
102.50 
62.00 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.76 
1.75 
1.76 
1.75 
1.76 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

1.30 

8.12 

4.88 

1.75 

1.75 

1.75 

1.75 

1.75 

3.41 

2.50 

8.12 

3.44 

4.06 

49.90 

22.80 

12.00 

16.25 

14.62 

10.88 

43.56 

24.50 

7.70 

2.48 

1.75 

1.75 

15.30 

35.60 

38.00 

27.00 

6.68 

19.50 

44.69 

28.81 

15.30 

12.00 

12.00 

4.50 

2.48 

2.48 

2.48 

2.48 

2.48 

5.45 

4.87 

1.75 

2.48 

6.00 

2.48 

65.80 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

1.15 

1.75 

1.80 

1.30 

1.80 

1.30 

1.30 

L30 

2.48 

6.83 

(».68 

84.72 

.6.70 

4.41 

1.75 

1.30 

55.80 

3.40 

2.48 

2.48 

1.75 

15.30 

1.76 

1.75 

1.75 

2.48 

2.48 

15.30 

15.30 

9.00 

8.56 

128.40 

1    ■ 

1 
1 

2 

'               '"        1» 

8 

6.00  '                               

4 

1 

k 

5 

1 

_ 1  T3     

6 

[  .'IT.Su 

1 

7 

1 

^.m  ' i 

8 

209.10 

9 

I            aoiao    -— 

10 

i5.an 

11 

i     '""i  '""       ^  144 

12 

!           1    1  an             2»: 

13 

9.00 

,     -  ".    -"  ;—     .^ 

14 

1.75                            i^S 

15 



9.00 

" 

i. ••*,._ .- 

16 



13 

17 

4.5t) 

1 

18 

.  ^ 

I 

19 

1          ! 

15.30 

20 

1  ^-^ 

21 

1  an                      ;** 

22 

2.48 

1 

28 

'1     

1  a) 

24 

1 

138.40 

1 

25 

i 

!     1  «i 

28 

1            : 1    : ' 

1 

27 

1.30  < 

1 

28 

1.30  , '. I* 

1                          Iff 

29 

1.76 

1 

1 

80 

1               !                '  1  »     i* 

81 

6S.00  ' 

44. 04 

' 

Mean 

6.83 

8.02 

11.81 

70.15 

12.39 

».«  .     4.»l     7.S    »• 

o  Record  interrupted. 


wmL,u.'\ 
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3fean  daily  flow,  in  second-feet,  of  Reels  Creek  near  Utica,  N.  F. — Oontinned. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

1.30 

254.70 

167.00 

92.00 

30.50 

4.60 
1.30 
13.60 
9.00 
13.00 
12.00 
9.00 
4.60 
1.75 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.11 
1.11 
l.ll 
1.30 
1.30 
1.30 
1.11 
(«) 

10.8 

1.6 

1QB.0 

42.5 
8.4 
1.1 
0.9 

26.1 
45 
8.1 
9.1 

42.5 
9.1 
4.3' 
8.4 
4.5 
2.2 
2.1 
2.7 
1.5 
7.8 
2.4 
1.7 
2.7 
1.4 

42.5 
2.0 
1.6 
2.4 

42.5 

42.6 

2.0 

128.5 

20.6 
206.7 

86.8 

30.6 

15.4 
2.2 

42.5 

2.2 

1.5 

.9 

.8 

.8 

82.8 

20.6 
2.0 
1.5 

42.5 
149.5 

42.5 
5.4 
2.2 
2.0 
1.5 

20.6 
9.0 
5.1 
2.2 
1.0 

29.8 

.9 

.8 

1.5 

1.4 

1.2 

5.4 

9.1 

21.6 

2.2 

1.5 

2.8 

2.8 

2.8 

2.0 

1.9 

2.0 

2.2 

2.0 

5.1 

3.1 

3.2 

2.2 

.9 

.8 

.7 

.7 

.7 

.5 

.5 

.4 

.4 

.4 

2.2 

1.2 

2.4 

1.5 

.9 

15.4 

2.2 

1.5 

71.2 

15.4 

2.2 

1.5 

1.2 

1.1 

.9 

.8 

.8 

.7 

.4 

1.1 

1.1 

.8 

.8 

.7 

3.8 

1.5 

1.1 

7.7 

9.0 

9.10 
9.10 
7.80 
2.90 
1.80 

28.50 
3.90 

28.60 
9.40 

11.30 
2.20 
1.60 
1.60 
2.20 
1.60 
1.10 

29.10 
.90 
120.80 
9.10 
3.90 
2.90 
6.90 
4.90 
1.90 
1.10 
5.40 

88.20 
6.00 
6.00 
6.nn 

3.90 
2.90 
2.60 
2.20 
2.20 
3.90 
2.20 
2.20 
1.80 
1.60 
1.10 
5.40 
7.20 
2.60 

1.80 
2.90 
3.90 
2.60 
2. 2D 
2.20 
5.40 
4.90 
8.90 
4.90 
4.30 
7.00 
4.90 
8.90 

3.90 
5.10 

1.30 

6.00 
3.90 
2.20 

2.20 

2.48 

2.40 

1.75 

4.50 

6.40 

1 

5.40 

1 

5.40 

1.30 

4.40 

126.74 

209.90 

04.50 

12.00 
1.30 

4.40 

....... 

4.40 
4.40 

1.30 

9.08 

4.40 

128.30 

68.30 

10.60 

9.51 

19.50 
7.80 

1.80 

7.80 
10.60 

■» 

10.50 

9 

1.30 

1.30 
1.30 
2.48 

30.60 
3.40 
1.30 

42.40 

10.60 

4.00 
5.00 

1.30 

1.30 

2.48 


12.00 

7.80 
6.60 
5.40 

5.40 

1 

! 

5.40 

» .  _-... _--. 

4.69  ' 

5.40 

1 

61.11 

12.00 

8.00 

4.90 

1 

4.90 

4.90 

2.48 

10.86 

Mean 

2.07 

78.9 

8.88 

18.1 

2.6 

5.0  '  11.78 

1 

3.21 

6.27 

a  Waste  gate  opened.    Setting  weir. 
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f^« 


Precipitation  f  in  inches^  at  Deerfield  reservoir.  New  York. 


Day. 

Jan. 
0.06 

Feb. 

Mar. 

Apr. 

May. 

June.  July. 

Aug.  Sept  Oct  Sot  Li' 

1901. 
1 

1 
0.57 

1 

0.9  - 

2 .. 

1 

0.04 

8 

0.45 
.34 

■ 1 

aos 

.S3    &4S  

4 - 

0.42 

o.a 

l.CO 

27  !  0.73 

-. IS  

5 

.10 
.3D 

1.48 

1 

«^. ................ ........ 

5 

l.f4 





.09 
.80 

.55 

7 

1.16 

1.07 

8 

.10 

.  ft.£ 

9.   .  . 

.."» 

17 60! »£    '^i 

10 

..03 

.^5 

.C7 
.12 
.21 

.ID    

.» - 

11 

.a-» 



.C5 

.a: 

.02 

1 

.07  1    .TO     .©  

12 

18 

1 

1 

! 

M   ^ 

.42  l-l5' 

14 

1 

—  "■  —  —  -•  I-  ----- 

.'£    .:• - 

16 

.a 

I 

.78 

.91  *  .  - 

16 

I 

.ci   « 

17 



.10 



. .    . 

1 

.40' 

1 

.34      -»  

18 

.0L» 

.17' 

.Jti 

.30 

•J 

19 

20 

.:»\ '....: ■ 

1 

21 

.60 

.  t4 

.14 

'  1.14 

;                        1 
-._.._i                .....  ...... 

22 

.18 

...... 

i.or 

1 

1 

..      - 

23 

.07 

.£6 

.57 

1             1 

24 

1 

L..  . 

.40 ^1 

25 

.GO 

1 

26 •.. 

.10 

27 

.as 

1                   • 

28 

.iC     ■ 

29 

" 

.46 
.10 
.18 

,24  .            '     3»'      -- 

80 

.17 

.18  '    .10, 

'                    1 

81 

.12 

na  I 

8.58 

1    "     1 



Total 

3.12 



1.79 

8.09 

4.57 

6.78 

a87 

3.68 

- 

4.50    IS 

14    i* 

^^r-t..] 
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JF^eczjyitation,  in  inches^  at  Deerfield  reservoir^  New  York — Contimied. 


E^y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 
0.06 

Jane. 

Jnly. 

Ang. 

Sept. 

Oct. 

Nov. 

Dec. 

i9oe. 

1.15 

1.12 

.08 

0.12 

.18 
.06 

0.44 
.25 

0.05 
1.25 

0.41 

0.20 

1 

.44 

0.36 
.72 

1.75 

1 

.62 

.02 
.06 
.36 

0.60 

1.12   

( 

i 

.20 

1.43 
.35 
.06 
.11 

1.42 
.66 

.65 

0.10 

.08 

1 

.29 

.75 

.15 

! 

.40 

.25 
.06 
.02 

.06 

.60 

.68 

.42 

.05 
.71 

1.05 

' 

0.0B 
.05 
.08 

.65 

.10 

.32 
.31 

.23 

.80 

.06 

.76 

.22 
.30 
.31 

.17 

.20 

.54 
.14 

• 

1 

.20 

.85 

.10 
.10 

1.30 

.05 

.15 

.25 

.06 
.16 

.06 

.05 

.65 

.32 

.60 
.80 

1.60 

.46 

1.23 
.16 

►  .                         .   . 

.25 

.07 

.62 
.09 
.02 
.32 

.48 

.28 

.24 

.40 

t 

t  ••■•«»_»»_»■»»»■«.,._..■■ 

1 

.76 

J 

.02 
.60 
.30 
.43 

.85 

.16 

.or 

.05 

.51 

1.70 

.11 

.25 

.45 

.02 
.36 
.46 
.06 

I 

.15 



.06 

.05 

5._ 

.(J8 

B 

.02 
.65 

.21 
.05 

.76 
.00 
.34 
.68 

\ 

.76 

...... 

.06 

7 

.62 
.43 

.10 

.11 

8 

1.00 

.30 
.12 
.10 
.02 

9 

1.40 
.70 

10 

.08 

.77 

.72 

.02 

tt 

.06 

2.11 

Tr»t*l 

1.06 

2.94 

6.24 

2.13 

8.96 

6.96 

9.16 

4.67 

6.81 

6.96 

4.84 

WEST  CANADA  CBEEK  AT  TWIN  BOCK   BBIDOE,  NEW  YOBK. 

The  gaging  station  at  this  point  was  established  September  7,  1900. 
The  readings  are  furnished  by  the  Utica  Gas  and  Electric  Company, 
and  are  taken  twice  each  day  by  Geoi^e  Rood.  The  station  is 
described  in  Water-Supply  Paper  No.  65,  pages  153  to  155.  The  i-ec- 
ord  at  Twin  Rock  Bridge  replaces  one  formerly  kept  at  Middleville  on 
the  same  stream.  The  record  at  Middleville  from  1898  to  1901  is 
given  in  Water-Supply  Paper  No.  65,  pages  155  to  157. 


88 


STREAM   MEASURGMKNTS    IN    19Q2,  PART  I. 


\'- 


Current-meter  discharge  measurements  of  West    Canada  Credc  at  Tni  r. . 

Bridge. 


Date. 


1902. 


AiignBt25 . 
June  17  .._ 

Do  ... 
October  10 
Jnne 16  . . . 
Jnne  28  . . . 

Do... 
June  27  . . . 

Do  ... 


Hydrographer. 


C.  C.  Ck>vert . 
H.  R.  Beebe  . 

do 

R.E.Horton 

do 

do 

H.  R.  Beebe  . 

do 

do 


height. 

19^ 

Feet 

.V 

1.25 

y 

i.%\ 

V' 

139 

2.74 

•        • 

1« 

1* 

8.0* 

1» 

3.45 

1      * 

4.12 

-i 

4.52 

Meati  daily  gage  height,  in  feet,  of  West  Canada  Creek  at  Ttrin  i2oritBn.i> 


Day. 


Jan.   Feb. 


1902. 

1 2.00 

2 ;  2.00 

8 2.00 

4 2.00 

6 ;2.00 

6 1  2.00 

7 \  2.00 

8 '  2.00 

0 1  2.00 

10 !  2.00 

11 1  2.00 

12..., '  2.00 

13 2.00 

14 '  2.00 

15 ;  2.00 

16 2.00 

17 2.00 

18 2.00 

19 ,  2.00 

20 ;  2.00 

21 1  2.00 

22 1.90 

23 1.80 

24 1.80 

26 1.90 

26 1.90 

27 I  1.90 

28 1  1.90 

29 1  1.90 

30 '  1.90 

81 '  1.90 


Mar. '  Apr 


1.90 

1.90 

2.00 

2.00 

2.00 

2.  Of) 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00  I 

2.00  ! 

2.00 

2.00 

1.90 

1.90 

1.85 

1.68 

1.60 

1.53 

1.30 

1.90 

1.60 

1.53 

1.63 

1.88 

1.85 


4.90 
6.80 
7.66 
6.40 
5.40 
4.25 
8. 75 
3.30 
3.40 
3.10 
3.08 

aso 

5.10 
6.86 
5.05 
5.70 
8.25 
7.00 
7.26 
6.88 
3.50 
8.20 
3.80 
8.70 
3.43 
3.23 
3.06 
8.40 
6.80 
8.00 
6.00 


4.75 
3.90 
3.15 
2.40 
2.43 
2.30 
2.85 
2.38 
5.45 
5.26 
3.65 
a43 
a45 
8.66 
2.76 
2.50 
2.60 
2.45 
2.86 
2.50 
2.25 
3.20 
2.75 
2.50 
2.55 
2.36 
3.10 
3.80 
8.48 
4.15 


May.lJane.'jnly.lAii^.  Sept   Oct  S«-    - 


5.80 

3.96 

8.05 

3.15 

3.50 

2.65 

2.75 

2.80 

2.10 

2.10 

1.85 

1.70 

1.45 

1.88 

1.00 

1.00 

1.15 

1.33 

1.83 

1.45 

1.43 

1.38 

1.80  \  2.05 

2.70  '  2.40 


2.15 

2.10 

1.90 

8.85 

2.65 

1.96 

2.45 

2.10 

1.70 

2.10 

3.13 

8.80 

2.45 

2.85 

8.95 

2.90 

2.60 

1.90 

1.63 

1.75 

1.80 

8.65 


8.50 
3.88 
2.86 
2.60 
2.50 
2.80 
8.10 


1.90 
3.40 
4.80 
3.15 
2.55 
3.  TO 


I 


3.10 
3.35 
4.00 
7.06 
4.45 

aeo 

8.65 

2.55 

2.48 

8.35 

8.10 

1.53 

1.80 

1.23 

1.80 

4.00 

8.40 

1.00 
8.80 
4.13 
5.10 
4.28 
2.95 
2.50 
1.70 
1.43 
1.75 
l.r6 
1.66 
1.45 


1.65 
1.50 
1.50 
1.43 
1.88 
1.80 
8.50 


Ht)  1  tn) 
1.35 

i.a 


.90 
.78 
.70 
.911 
1.W 
1.10 


2.33  I  1.45 
2. 70     1.80 


8.40 

3.15 

8.40 

1.96 

1.70 

1.45 

1.40 

1.80 

1.55  < 

1.48 

l.GO 

1.70 

1.68 

1.48 

1. 30 

1.13 

1.00 

.85 

.80 

.73 

1.10 


1.7" 
1.55 
1.05 
1.00 
1.15 
1.03 


l.S) 
l.fi 
LIS 
1.33 
im 

i.*> 

1.3» 

l.» 
I.* 


.90 1  i.a 

.90    Ut 


.75 

.60 

.50 

.65 

.60 

.60 

.60 

.63 

.73 

1.00 

1.20 

2.50 

3.45 


19 

aTu 

4.S 
8.  HO 
3.S 

as 

ISO 

ao) 

5.90 
6.90 
4.90 

4.a 


13 

13 
IX> 
if. 
i«f 

]» 
l.-i 

l.fi 


li 


l.fi    ■( 


IS'  - 

*!'  i* 

*  ?>  *  * 

t::  ''■ 
ir.    ' 

15  :* 

lie 

16  •' 

l.S  > 

IS'  '• 

Ifi  ■■ 

tl'J  ^' 

i.r>  '- 

« 


1 
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BAST  CANADA  CREEK  AT  DOLGEVILLE,  N.  Y. 

Til  is  gaging  station  was  established  September  23, 1898.  A  descrip- 
311  of  the  drainage  basin  and  fecorded  run-off  for  preceding  years 
ay  l>e  found  in  Water-Supply  Paper  No.  65,  pages  158  to  161.  The 
^pth.  on  the  crest  of  the  dam  and  readings  of  the  gate  opening  of 
irbines  are  taken  twice  daily  by  John  M.  Kelley. 
November  4  to  14  inclusive,  1901,  a  series  of  readings  at  one-half 
our  intervals  from  6  a.  m.  to  6  p.  m.  was  taken  for  the  purpose  of 
[\eck.ing  the  discharge  as  calculated  from  the  readings  taken  in  the 
sual  manner  twice  daily. 

Diacharge  measurements  of  East  Canada  Creek, 


Date. 

Mean  flow 
estimated 
from  one- 
half  hour 
obeerva- 
tionn. 

Maximum 
daily  flow. 

Minimum 
daily  flow. 

1901. 

Sec.-/t. 

Sec.-/t. 

Sec.-ft. 

•TovpTinlitf^r  4                                                                         

«  83. 5 
134.2 

87.5 
192.0 

78 

^Jovember  5 

94 

t^oveiuber  6 ... 

173.4 

191.0 

149 

November  7 

164.3 

191.0 

98 

Novembers 

185.4 

192.0 

169 

November  9 ... 

200.8 

235. 0 

145 

November  11 

136. 1 
393. 4 

236. 0 
8»5. 0 

69 

November  12 

153 

November  18 

1,222.0 

1,288.0 

1,185 

November  14 - . 

844.2 

918.0 

809 

«Pond  refllling,  November  4,  dnrin^c  several  hours,  reduc^inij  averaKe  outflow  for  day. 
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Mean  daily  flow,  in  tecond-feet,  of  East  Canada  Creek  at  DolgeviUt,  S.  Y. 


Daj. 


line.  I 

1 1    241 

2 j    241 

3 254 

4 '    28» 

5 .a  180 

« 211 

7 166 

8 1    166 

9 ,    m 

10 IfiO 

11 1    ISO 

12 '«100 

18 121 

14 129 

15 136 

16 136 

17 :    138 

18 ;    133 

19 «95 

20 

21 : 

2S 

23 1 

24 ' 

25 j 

26 ' 

27 1 

28 ' 

29 ' 

30 

31 1 

Mean ' 


nl90 


236 

,    236 

236 

236 

a  175 

!    211 

'    196 

!    181 

;    156 

:     81 

81 

a40 

81 

HI 

81 


I  2,541 

l<«,6» 
I  2.870 
;  1.964 
I  1,429 
1.20O 
TBI 


«482 
488 
467 
1,101 
1,633 
1,798 
1,645 


2,363 
1,680 
1,389 
01,261 
;  1,109 
738 
|<il,886        680 


Apr.  I  May.  June.  July.  Aug., Sept  Oct.  Kot  b»: 


1,721 

1,3K2 

1,103 

774 

572 

<<532 

583 

581 


1,333 
881 
883 

a75A 


549 


418 


4,307 
2,796 
1,574 


eao 

569 


136 

1      81 

1,200 

0  639 

159 

81 

1,016 

1      689 

216 

81 

1,167 

542 

451 

a40 

al,236 

434 

626 

81 

1,429 

,      4» 

781 

81 

1,489 

I     331 

a5a0 

81 

1,200 

'      332 

486 

511 

i,or9 

'  aggo 

481 

736 

1,046 

342 

456 

2,631 

844 

3»1 

13,865 

1,510 

231 

178 

3,276 
1,680 

• 

257 

813 

;  »6 

">264 
'    281 

'    1112 

'    1«! 

I 

171 
,    139 

133 
alio 

221 

827 
I    249 

I    1« 

135 
460 
a954 
,  708 
499 
340 
327 
410 
485 

101 


41873 

216 

187 

86 

1.032 
579 
437 

1376 
381 
341 
621 
504 
468 


2.087 

i.sas 

01.148 


«738 
581 
420 
349 


857 
0966  ' 
619  ! 
383 


435 
813 
538 

402 

<i232 

2Qj 

245 

394 

3W 

231 

196 

a994 

1.349 

2,131 

1,381 


1,219  ' 
1,143  J 

827  ' 
a739 

801 


1,029 
709 
a  617 
1,029 
714 
508 
388 


665        80ft 


916      8» 
334 

269 
264 

390 
436 
246 
337 
<t264 
319 
241 
160 
127 
121 
107 
a64 
16B 
160 
219 
209 
193 
160 

(«) 
67 
67 
67 
64 
64 
163 
(«> 


74 
106 
108 

m 

117 

a  106 

187 

151 

S97 
I    154 

lae 

135 


194 


SI 

an 

201 

2a 

a  10 
101 
165 
218 
\7i 


507 

1418 

978 

863 


CBIOB 

&  •£ 

32  a 

a  m 

m  SG 

S:i  414 

ni  s? 
at «» 

it:  a 

10L  A 

•9  3» 

412  K 

m  «N 

m  ««6 

417  ST. 

411  h0 

>i,fn  m 

l«  SB 

ss  yd 

m\  ce 

a6SB  (B 

W  St 

S,SS  30 

t8S4  «W 

l.W  


"f 

• 

ft 
tt 
15 
K 
O 

]9 

:u 
:« 
•;!*' 

!*• 

.!t 
'!■> 

l.C 

9 


246       8M     » 


a  Sunday. 
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^^stimated  monthly  discharge  of  East  Canada  Creek  at  Diilgt-viUe^  N.  Y, 

[Drainage  area,  266  square  miles.] 


Month. 


1902. 


anriary  _  _ . 
t'etn-nary. . 

£arch 

k-pril 

day   - 

Fnne 

Ixily 

September 
October  . . . 
November 


Mean 
dis- 
charge. 


Run-off. 


Seoond-feet 

perBQuare 

mile. 


Sec.'ft. 
257 
178 
1,689 
818 
101 
565 
804 
194 
246 
864 
585 


December 1,049 

The  year 612 


1.00 

.69 

6.59 

3.17 

.39 

2. 59 

8.14 

.76 

.96 

3.86 

2.28 

4.10 


Depth  in 
inches. 


1.15 

.72 

7.35 

3.65 

.45 

<u.  99 

3.50 

.84 

1.07 

3.87 

2.54 

4.71 


2.42 


S2.84 


East  c^anada  c^reek  near  e.\8tcrbbk,  n.  y. 

A  series  of  curiviu-mrtor  iiicasun»incnt8  from  boat  and  cable  were 
made  at  a  point  about  J  niile.j  abovt^  Eastcreek,  N.  Y.,  October  20 
to  November  G,  1000.     Tlio  d  isclimv:.^  measurement^)  were  made  by 
Joseph  Kemi)er,  civil  enKinocr,  for  t'.io  city  of  Little  Falls,    A  current- 
meter  measurement  of  tlio  disc'.iarjifo  was  made  each  day  during  the 
continuation  of  the  gago  readings.     Tho  accompanying  table  shows 
the  result/,  of  current-meter  measurements  and  the  corresponding 
daily  gage  readings.     The  velocity  was  measured  at  intervals  of  5 
feet  acrosfi  tho  stream  by  the  six-tenths  depth  method.     Meter  No.  89 
of  the  Unite.l  Stat.^j  Geological  Survey  w.is  used.     The  object  of  the 
measurements  wa Mo  determine  tho  olTect  of ■  diversion  from  Spruce 
Creek  and  Beaver  Brook,  two  tributaries  of  East  Canada  Creek  enter- 
ing above  Dolgovillc,  and  serving  as  sources  of  public  water  supply 
for  Little  Falls.     Contemporaneous  measurements  of  Spruce  Creek, 
the  results  of  which  are  given  elsewhere,  were  also  made.     During 
the  continuation   of  the  measui-ements  no  water  was  drawn  from 
Spruce  Creek;  the  entire  supply  was  taken  from  Beaver  Brook,  and 
there  was  no  inflow  from  East  Canada  Creek  to  Beaver  Brook,  with 
the  exception  of  the  period  from  October  30  to  November  2,  inclusive. 
During  this  period  the  total  flow  of  Beaver  Brook,  together  with  that 
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from  Spruce  Creek,  entered  East  Canada  Creek.     Tlie  drainage  a« 
above  the  point  of  measurement  is  280  sqaare  miles. 

Measured  discharge  of  East  Canada  Creak  near  Eastcreek,  N.  Y, 


Date. 

1 

heifflit. 

Disdmrge. 

Bra-^ 

f  11  ■nut  fat 

1901. 

rert. 

Second-fed. 

mat 

October  20 

1.41 
1.40 
1.28 

301.33 
289.92 
238.66 

!.  •: 

October  21  . . 

\M 

October  22 . 

1 

October  23 

1.29 
1.40 

228.55 
313.43 

.it 

October  24 

...     .  —  .._-/__. — .-    -_ 

\M 

October  25 

1.20 
1.19 
1.17 
1.04 
1.15 
1.17 
1.25 
1.19 

220.76 

201.47 

175.68 

182.64 

176.24 

a214.78 

«228.76 

0  221.50 

1         -^ 

October  26  .                    

1 

October  27 

.fi? 

October  28 

October  29 

3 

October  30  . .   . 

■  '  ■ 

October  31 

.^ 

No\iember  1 

.n» 

November  2 

1.22 

«218.60 

.> 

November  3 

1.11 

177.48 

.« 

November  4 _ 

1.12 

172.84 

.t 

November  5 . . . 

....           -.      -             -.--... 

1.14 

173. 76 

.^ 

November  6 . 

---           - -     —   - 

1.18 

188.56 

r. 

('IncladinHT  Beaver  BrcM)k. 
MOHAWK   RIVER  AT   LITTLE    FALLS,  N.  Y. 

This  jgaging  station  was  establislied  September  23,  1898,  and  is 
described  in  Water-Supply  Paper  No.  05,  pages  162  to  165,  where  tb? 
monthly  mean  run-off  for  preceding  years  may  be  found.  Thega^Dp 
station  is  situated  at  the  dam  and  mills  of  the  Gill)ert  Knitting  C«fli 
pany  and  the  Little  Falls  Paper  Company,  where  records  of  the  dt'ptlt 
wasted  over  the  dam  and  of  the  run  of  the  water  wheels  are  kept. 

The  spring  freshet  of  March  1  and  2,  1902,  cause<l  a  discharge  ir 
Mohawk  River  at  Little  Falls  estimated  at  27,000  second-feet,  or  iV- 
second-feet  per  square  mile. 
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J^ean  daily  flow  ^  in  secondrfeet,  of  Mohawk  River  at  Little  Falls  ^  N,  Y, 


i9oe. 

\ 

\ --. 

\ 

r.. , 

s 

> 

) 

I 

Mean 


Jan. 


1,3SS 
1,838 
1,410 
1,886 
|al,106 

a, 

i.aoB 

1,386 
1,286 
1,866 
a963 
1,115 
1,116 
1,155 
1,160 
1,180 
1,098 
ag96 
1,551 
968 
1,165 
8,458 
8,341 
8,887 
al,486 
1.729 
8,133 
1,971 
1,786 
1.637 


Feb. 


1,519 

|al,107 

1,163 

889 

1,089 

1,119 

1,119 

984 

a089 

966 

956 

1,080 

1,089 

1,089 

1,018 

a  770 

966 

090 

9  6 

966 

921 

888 

02,404 

1,089 

1,089 

1,811 

1,688 

3,449 


Mar. 


1,433.8 


18,084 

187,505 

22,173 

15,798 

10,117 

7,680 

5,051 

4,988 

a4,087 

8,860 

8,847 

8,669 

14,506 

14,866 

11,881 

nl4,465 

18,886 

15,440 

9,744 

7,177 

6,176 

4,684 

«5,160 

5,678 

5,855 

4,638 

4,358 

4,195 

5,849 

09,329 

9,336 


1,173.1 


Apr. 


6,791 
5,884 

4,268 
3,610 

03,887 
8,310 
3.008 
8,818 
7,759 
7,135 
5,145 

08,870 
4,008 
3,256 
3,008 
2,287 
2,092 
1,437 

ol,968 
2,404 
2,015 
2,128 
2,336 
2,014 
1.983 

n2,733 
2,773 
2,355 
4,098 


May. 


6,806 
4,506 
3,758 

o8,660 
8,201 
3,180 
8,528 
8,584 
1,688 
1,710 

ol,660 
1,223 
1,340 
1.388 
1,210 
1,167 
1,215 
0  867 
1,608 
1,608 
1,559 
1,112 
1,111 
1,691 

o4,388 
4,484 
5,080 
4.138 
3,800 
3,n8 
4,818 


June. 


o8,163 
2,297 
2,141 
2,176 
4,646 
8,141 
2,162 

08,888 
8,805 
8,456 
4,851 
4,863 
4,057 
3,873 

08,158 
4,473 
3,486 
3,119 
1,783 
1,830 
1,649 

o3,782 
8,959 
8,287 
1,881 
3,291 
6,087 
4,977 

o3,826 
3,503 


July. 


9,457.53,512.62,640.5 


4,785 

4,880 
5,821 
1,232 
9,880 

08,486 
6,800 
6,040 
5,868 
5,068 
4,872 
8,548 

o2,082 
1,878 
2,012 
5,n8 
4,488 
2,878 
8,002 

o4,740 
7,299 

,  8,609 

;  7,306 
6,114 
4,861 
3,156 

K073 
4,701 
3,429 
2,462 
2,086 


Aug. 


1,777 
8,868 

o8,641 
1,875 
1,631 
2,077 
5,001 
4,981 
4,980 

o3,408 
2,478 
3,6U 
3,179 
2,230 
1,T79 
1,510 

ol,642 
1,065 
1,778 
1.870 
1,616 
1,616 
1,844 

ol,664 
1,480 
1,828 
1.197 
1,284 
1,018 
986 
(«) 


Sept. 


3,170.9.4,984.2 


1,064 

1,069 

1,110 

1,110 

1,026 

956 

ol,454 

1,668 

1,649 

2,761 

2,466 

1,601 

i  1,348 

ol,141 

1,435 

1,250 

1,890 

922 

951 

954 

o8g8 

798 

948 

812 

481 

871 

996 

o924 

8,249 

3,511 


Oct. 


2,244.9 


.2,587 

i  1,806 

1,487 

1,447 

ol,663 

1,760 

2.255 

8,205 

2,997 

2,247 

2,113 

ol,628 

1,613 

1,613 

1,567 

1,472 

1,305 

1,191 

4,628 

o5,631 

4,070 

2,586 

2,517 

2,933 

2,816 

2,951 

"8,558 

10,758 

11,311 

8,8r<J 

7,235 


Nov.  i  Dec. 


4,128 
08,880 
8,414 
8,897 
8.141 
2,028 
1,737 
2,590 
al,856 
1,967 
1,737 
2,845 
3,310 
3.577 
8,715 
o8,861 
1,  WW 
8,519 
2,088 

i,a» 

1,83K 

1,852 

o2,814 

8,580 

8,854 

1,898 

3,315 

4,650 

1  3,748 

^'8,476 


2,399 

1,178 

\  2,698 

3,486 

5,968 

2,289 

"1,957 

'  1,839 

i  1,646 

1,536 

1,768 

1,813 

1,616 

"1,635 

'  1,877 

2.004 

5,565 

5,797 

5,958 

5,177 

r 4,817 

6,665 

7,880 

6.088 

5,301 

4,576 

3,275 

"2,825 

2,574 

2,295 

8,464 


1,351.93,283.8  2,508     3,448 


o  Sunday. 
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fse.t 


Estimated  monthly  discharge  of  Mohawk  River  at  Little  FaUt,  JV.  V. 

[Drainage  area,  l,dW> square  miles.] 


Month. 


SsfrcC 


Mean  dis- 
>  charge 


1902. 


Jannary.. 
February 
March    . 
April     . . . 

May 

June 


July 

Au:;iist  ... 
September 
October  . . . 
November. 
December  . 


Theyear ._,     3,364 


Sec.  fett. 

1,433 

1.10 

i.r 

1,173 

.90 

M 

9,457 

7.25 

>M 

3,513 

2.69 

;•,{« 

2,641 

2.02 

:.•» 

3,171 

2.43 

1 

4,984 

3.® 

(.* 

2,200 

1.68 

i.« 

1,352 

1.03 

;      ii> 

3.384 

2.51 

i-i 

2,508 

\M 

4  •»• 

3.448 

2.64 

1 

2.50 


^.V 


SCHOHARIE   CREEK   AT  MILLPOINT,  N.  Y. 

Tho  record  at  this  station,  wliicli  is  maliitaiue<l  to  replace  \mi'- 
rarily  the  recoi-d  at  Schoharie  Falls  dam  on  the  same  stream,  has  l"^- 
continued  tliroughout  the  present  year.  No  discharge  ineasnremeni^ 
were  made  during  1902.  A  description  of  this  stutiou  and  tlie  iw^:'* 
of  records  kept  on  Schoharie  Creek  at  Fort  Hunter  and  Sehoto 
Falls  may  be  found  in  Water-Supply  Paper  No.  05,  imges  107 to l- 
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I><iily  gage  height^  in  feet,  of  Schoharie  Creek  at  MUlpoint,  N.  Y. 


Jan. 


i9oe. 

2.00 

2.  SO 

l.fS 

'  1.70 
l.flO 

van 

i.m 

1.A0 

i.a) 

1  fiO 

1  4~i 

1.4") 

1.4"> 

lA'i 

1.4') 

1.  vj  > 

\.::> 

i.ro 

i.rt) 

1.5J 

i.r5 

i.-oi 

4.nj) 

:i.  15 

( .        _---.._ 

>  - ._ . 

2,  ir> 

t 

2,20 

\ 

2  00 

> 

) 

I 

1.85 
1.75 
1.00 

Feb.  Mar. 


r.-     I 


1.45 
1.45 
1.45 
1.45 
1.40 
1.40 

i.ai 

1..T, 
J .  •.•) 
1.4J 
1..V) 

i.:r, 
i.r.o 

1..7) 

]..'yj 

1.-15 
1.45 
1.4'J 
1.40 
1.40 
1  .'5 
1..Y) 
1.51) 
1.50 

i.r.o 

1.55 
1.55 
1.60 


0. 
7. 
G. 
4. 
4. 
8. 
2. 


3. 


f5 

00 

70 

80 

20 

00 

.85 

25 

,15 

,10 

.7'» 

,r5 

.{7 

,2:) 

.<  o 
4.75 
2.41 

r.) 


Apr. 


■  •), 


a. 

3. 
3. 
3. 
4. 

4. 


.0 

'.:5 

:.o 

15 
25 
50 
80 
00 
10 


May.  Jane 


4.00 
3.70 
8.50 
2.00 
2.50 
2.10 
2.05 
2.(5 

•"  »  - 
I  .  •«  > 

CM 

'.:•) 
o.;  ) 
r.c) 
r.  "J 
"(J 
::.c') 
2.m 
<  .ijj 
."•.  ;:•) 

(5 


2.  (J 

i.:5 
i.:5 
i.a 
i.rj 

1.85 
1.80 
1.80 
1.75 
2.10 


2.55 
2.86 

2.15 
1.90 
2.00 
1.85 
1.70 

i.r, 

l.O 

!.:-> 
l.'I) 
1.1) 

i.    > 

1.  5 

i.;;o 

1.25 
1.20 
1.20 
1.15 
1.10 

i.r5 

1.00 
.05 
.05 

.rs 

1  CO 
1.10 
1.30 
1..% 
1.30 


1.25 
1.16 
1.10 
1.50 
1.45 
1.S5 
1.25 
1.25 
1.20 
1.20 
1.15 
1.30 
1.25 
1.25 
1.20 
1.20 
1.20 


July. 


2.00 
2.00 
1.05 
1.05 
2.00 
,2.06 
2.C5 
2.10 
2.00 
1.85 
1.65 
1.55 
1.40 
1.25 
1.15 
1.10 
1.05 


1.15  !  1.00 


1.15 
1.10 
1.30 
1.20 
1.^ 
1.25 
1.20 
1.20 
1.15 
1.10 
1.10 
1.10 


.C5 
1.C7 
0.47 
5.10 
4.50 
4.20 
4.10 
3.10 
2.80 
2.60 
2.50 
2.30 

2.:io 


Aug. 

Sept. 

2.30 

0.85 

3.20 

.VO 

2.90 

.75 

2.45 

.70 

2.05 

.65 

1.70 

.65 

1.00 

.00 

1.40 

.00 

1.20 

.60 

1.40 

.65 

1.60 

1.00 

1.50 

1.55 

1.45 

1.55 

1.35 

1.50 

> 

Oct. 


1.25 
1.15 
1.10 
1.06 
1.00 
l.iTi 
1.50 
1.30 
1.15 
1.05 
1.00 
.00 
.GO 

.;5 

.00 
.00  , 


1.45 

l.oO 

1.30 
1.30 
1.25 
1.00 
l.CO 
1.35 
1.20 
1.15 
1.10 
1.20 
1.80 
4. 02 
5.fi5 
4.80 


4.15 
3.50 
2.75 
2.70 
2.70 
2.85 
2.20 
2.05 
1.05 
1.70 
1.65 
1.80 
2.50 
2.25 
2.10 
1.00 
1.75 
1.70 
1.70 
1.05 
l.CO 
1.65 
1.50 
1.45 
1.40 
l.a5 
l.CO 
'  4.12 
4.20 
2.00 
2.70 


Nov. 


2.45 

2.20 

2.15 

2.10 

2.00 

1.00 

1.80 

1.75 

1.00 

1.55 

1.65 

1.50 

1.50 

1.45 

1.40 

1.40 

1.C5 

1.30 

l.O) 

1.30 

1.30 

1.25  ] 

1.25  1 

1.25 

1.20 
1.20  , 
1.70  I 
1.C5 
1.55 


Dec. 


1.55 
1.50 
1.45 
1.00 
l.ft> 
1.75 
1.80 
1.00 
2.  .TO 
3.00 
3.10 
rX05 
2.05 
2.00 
2.  CO 
2.06 
4.00 
3.60 
3.50 
3.46 
3.40 
G.65 
0.00 
3.10 
2.75 
2.50 
2.40 
2.35 
2.15 
2.10 
2.15 


SCHOHARIE  CREEK  AT  PRATTSVILLE,  GREENE  COUNTY,  N.  Y. 

Schoharie  Creek  above  Prattsville  drains  a  rugged  inoiintainoiis 
trea  almost  entirely  wooded.  The  drainage  basin,  embracing  an  area 
J43  square  miles,  lies  wholly  within  Greene  County.  The  basin  is  sur- 
rounded by  continuous  mountain  ranges,  and  intervening  ridges 
livide  the  main  stream  from  its  princip  il  tributaries,  Batavia  Kill, 
E{ist  Kill,  and  West  Kill. 

A  gaging  station  was  established  at  the  highway  bridge  in  Pratts- 
ville village  November  7,  1002,  by  C.  C.  Covert;  the  gage  datum  is 
referred  to  the  United  States  Geological  Survey  bench  mark,  a  circle 
marked  on  a  bowlder  on  right-liAnd  end  of  bridge  on  the  downstream 
Bide;  elevation  1,151  feet.  A  15-foot  weight  and  wire  gage,  having 
a  boxed  horizontal  scale,  is  attached  to  the  steel  floor  beams  of  the 
bridge  on  the  upstream  side.     The  elevation  of  the  water  surface 
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ffi: 


when  the  gage  reads  zero  is  1,130.03.  The  bridge  has  a  siDglespun  .•! 
185  feet.  Measurements  are  made  on  the  downstream  side.  Bri^^ 
is  divide<l  into  10-foot  intervals,  beginning  at  top  of  left-bsl 
abutment. 

The  river  stage  is  observed  at  7  to  8  a.  m.  and  4  to  5  p.  nt  each'iay 
by  James  Bi*ennam.  A  current-meter  measurement  by  C.  C.  Cv\^r 
November  7,  1902,  showed  a  flow  of  342  second-feet,  tlie  gage  held 
being  5.565.  A  measurement  by  F.  H.  Tillinghast  December  4,  \'*: 
gage  height  5. (JO,  showed  a  discharge  of  34-5  second-feet. 

Mean  daily  gage  height,  in  feet,  of  Schoharie  Creek  at  Prattgnlle.  S.  Y. 


Day. 


1902. 


5. 

6. 


10 5.40 

11 1  5.40 


Day. 


19Qe. 


Nov. 


5.40 
5.35 
5.30 

5.:i) 

5.90 
5.90 
5.90 
5.20 
5.80 
5.20 
5.80 


Dec. 


5.90 
5.20 
5.  SO 
5.20 
5.20 
7.55 
7.20 
6.18 
ft.  00 
5.96 
9.90 


Day. 

K.n 

f3 

J«. 

....  D'i 

2i 

....  *:•' 

25  . 

....  ^-3 

HA 

...  in 

27 

...  5.*' 

2S 

....  iw 

29 

....  aS' 

90 

J5S' 

•** I 

31 

iV 


MOHAWK  RIVER  AT  DUNSBACH   FERRY,   N.  Y. 

Tliis  station  is  located  at  the  dam  of  the  West  Troy  WAter(  • 
pany,  0  miles  from  the  mouth  of  Mohawk  River.     The  station  ^^ 
established  March  12,  1898,  and  a  record  has  been  maintained  >' 
that  date  with  the  exception  of  the  period  April,  1899,  to  August  1 " 

Records  were  formerly  maintained  on  Mohawk  River  at  the  >■* 
York  State  dam  at  Rexford  Flats  and  at  Freeman's  bridge,  Sc^hfnti 
tady,  about  4  and  8  miles  above  Dunsbach  Ferr3%  respectively.  ^^*'-^ 
to  the  practical  duplication  of  these  records  at  Dunsbach  Ferry  ?a*'- 
station,  the  Rexford  Flats  and  Freeman's  bridge  stations  were  disr'-'i 
tinned  January  1,  1902.  Description  of  the  gaging  station  at  I^u^"" 
bach  Ferry,  as  well  as  the  others  mentioned,  may  be  found  in  WaH 
Supply  Paper  No.  (35,  pages  172  to  183,  where  the  results  of  p^^ 
are  also  given. 

The  left  wing  of  the  Dunsbach  Feriy  dam  was  injured  during li-- 
water  of  1902,  necessitating  a  slight  change  in  the  discharge  caK^^- 
tion.  Owing  to  roughness  of  the  injured  portion  of  the  crest/i 
data  are  considered  somewhat  less  precise  than  formerly.  R^F" 
are  in  progress.  During  the  year  1902  a  66-inch  old  pattern  Amerirv 
turbine  in  the  adjoining  pumping  station  has  been  replaced  bya  ^ 
inch  Victor  turbine.     A  record  of  the  effective  head  of  the  wat^r  vh^^^' 
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1  of  tlie  extent  to  which  the  wheels  are  run  is  kept,  from  whioh  the 
I'liarire  through  the  turbines  is  calculated  and  added  to  the  flow 
^1-  tlie  dam  to  obtain  the  total  flow  of  the  stream. 

Meftri  cUiily  flow^  in  second-feet ^  of  Mohawk  River  at  Dunsbaeh  Ferry,  N,  Y. 


r>o.y. 


3902. 


5,130 
I  3,151 
I  3,151 
!  3,320 
2,  £88 
'  2,813 
2,644 
2,475 
2,644 
2,644 
2,306 
2,475 
2,476 
2,137 
1,968 
1,799 
1,799 
1,429 
1,630 
1,429 
1,630 


I I  2,138 

'  6,022 

:  7,923 

'  6,022 

3,720 


4 

1. 

S 

6- 

7 [  4,520 

« 4,520 

» 4.720 

n ;  4,320 

Jl i  3,920 


Feb. 


3,320 
3,151 
2,644 
2,644 
2,544 
3,206 
2,106 
2,106 
2,087 
1,768 
1,599 
1,868 
1,699 
1,530 
1,429 
1,630 
1,429 
1,429 
1,429 
1,429 
1,429 
1,429 
(") 


Mar. 


45,5.']0 

25,150 

17,550 

12,350 

7,150 

6,250 

6,250 

6,700 

9,900 

34,000 

34,000 

23,450 

20,700 

28,450 

32,350 

23,260 

14,105 

10,400 

9,360 

11,050 

12,650 

ll,iiO0 

10,150 

9,100 

7,850 

9,660 

17,100 

19,650 


15,700 
12,335 
9,600 
8,375 
G,500 
5,650 
5,200 
4,470 
8,100 
16,425 
23,200 
20,300 
13,800 
9,625 
7,625 
5,225 
5,040 
4,470 
3,825 
3,200 
3,200 
2,780 
2,660 
2,780 
3,675 
3,050 
3,050 
3,tfj0 
8,825 
4,125 


May.    June. 


2,«i0 
2,660 
2,350 
3,500 
3,500 
2,925 
2,925 
I  2,350 
3,060 
2,925 
3,225 
4,300 
5,450 
4,650 
5,025 
6,060 
6,500 
4,850 
4,125 
3,200 
1,725 
2,225 
1,825 
1,825 
3,050 
2,800 
3,350 
4,850 
4,350 
4,125 


5,840 
9,100 
8,475 
6,750 
6,925 
6,9^ 
4,850 
4,470 
3,960 
3,360 
3,060 
2,925 
2,650 
2,100 
2,100 
1,950 
1,675 
1,545 
1,475 
1,400 
1,545 
2,350 
1,675 
'  1,825 
.  2,800 
3,825 
6,450 
7,150 
5,260 
4,300 
3,400 


July.  I  Aug.    Sept 


I 


5,450 
6,500 
7,850 
8,875 
9,100 
9,100 
12,750 
9,900 
7,150 
5,225 
4,470 
3,975 
3,5C0 
2,925 
3,050 
2,925 
2,650 
2,925 
2,925 
6,500 
15,700 
21,775 
19,200 
14,700 
14,125 
9,100 
7,850 
6,925 
6,500 
4,850 
8,825 


3,825 
4,125 
3,825 
4,125 
3,225 
2,500 
3,825 
5,840 
5,225 
4,470 
3,975 
4,125 
3,025 
2,800 
1,826 
1,545 
1.475 
1,350 
1,400 
1,460 
1,475 
1,950 
1,8JK 
1,675 
1,475 
1,400 
1,350 
1,350 
1,300 
1.300 
1,300 


1,250 
1,250 
1,21X) 
1,250 
1,200 
1,200 
1,200 
1,225 
1,275 
1,545 

2,  aw 

2,950 
2,960 
2,660 
2,500 
2,280 
1,950 
1,545 
1,400 
1,325 
1,250 
1,200 
1,200 

1  1,200 
1,200 

,  1,200 

!  1,350 
2,650 
8,475 

17,400 


Nov.     Dec 


12,050 
8,400 
6,500 
4,860 
4,300 
3,675 
3,300 
3,400 
3,250 
3,726 
3,550 
3,550 
4,025 
3,900 
3,550 
3,400 
3,250 
2,850 
4,520 
8,930  ' 

1,495    ; 

9,950  ■ 

5,275  I 

4,900 

5,700 

5,275 

6,000 

15,750 

28,150 

18,200 

14,775 


9,950 
6,975 
5,675 
4,700 
4,525 
4,025 
3,875 
3,7)5 
3,725 
3,575 
3,070 
3,070 
4,025 
5,475 
6,300 
5,100 
4,175 
4,025 
4,025 
4, 175 
3,725 
3,725 
3,400 
3,260 
3,100 
4,010 
4,900 
7,200 
8,650 
7,000 


I    6,300 

I    5,870 

5,870 

7,670 

12,100 

10,200 

7,200 

5,100 

3,880 

3,100 

3,730 

4,120 

4,300 

4,530 

4,900 

5,280 

9,150 

19,700 

16,710 

14,530 

12,  %0 

16,450 

29,^0 

22,950 

11,200 

7,150 

7,160 

5,100 

3,750 

4,730 

5,100 


a  No  record  from  February  23  to  March  3. 
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Estimated  monthly  discharge  of  Mohatrk  River  at  West  Troy  (.Utmpok^*  I'.-.* 

at  Dunsbach  Ferry,  N.  V. 

[Drainage  area,  3,440  sqaaro  milea.] 


Bas^-4. 


Month.  I^t?"  '^**"  d^     f^ 

jHuuvu.  charge*.    Semnafert    |^^, 


per  sqcui?      ,. 

mil'-* 


January .  '     3,253  .95 

February  1  to  22 .«  1,948  ".57 

March4to31 .  '''16,986  'U.W 

April. .'     7,361  2.14 

May.         ...|     3,906  l.U 

June     _.J     3,554  1.03 

July I     4,251  1.24 

August 2, 592  .  75 

September  .  , 

October 


.  t.» 


2,386  I  .69 

6,466  I  1.88 

November .      4,771  1.39 

December 9, 036  2.  (S3 

The  year.. ...     i     5,542  1.61 


<'  Partial  month.    Record  for  days  of  high  flood  not  obtainable.    Due  to  break  in  ^*c 

UPPER  HUDSON  DRAINAC^K  BA8IX. 

INDIAN   RIVER  AT  INDIAN  LAKE  DAM,  HAMILTON   COUNTY,  N.  V 

This  record  includes  the  stage  of  water  in  and  amount  of  dws: 
from  Indian  Lake  storage  reservoir.     The  reservoir  was  built  f"r ''' 
purpose  of  ameliorating  the  water-power  deficiency  to  mills  on  He 
son  River  during  low  water.     The  dam  is  of  masonry  and  fom* 
lake  having  a  surface  area  of  7.87  squai-e  miles  or  5.54  per  cent«rf' • 
drainage  Hn*ea  of  142  square  miles. 
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Stage  of  water  in  Indian  Lake  reservoir  at  Indian  Lake,  N.  F. 


I>ay. 


190?. 


Jan. 


ao.OB 

20.17 

ao.2i 

20.21 
20.25 
20.29 
20.33 
20.33 
20.87 
20.42 
20.42 
20.38 
20.25 
20.12 
20.  OB 
19.00 
19.92 
19.79 
19.87 
19.68 
19.60 
19.60 
19.60 
19.42 
19.83 
19.25 
19.17 
19.06 
19.00 
18.92 
18.83 


Feb. 


18.  T9 
18.75 
18.71 
18.67 
18.63 
18.68 
18.54 
18.50 
18.46 
18.42 
18.37 
18.93 
18.29 
18.25 
18.17 
17.92 
17.58 
17.21 
16.92 
16.67 
16.42 
16.25 
16.00 
15.76 
15.50 
15.25 
15.00 
14.83 


Mar. 


1 


15.00 
15.42 
16.17 
16.67 
17.08 
17.42 
17.75 
18.00 
18.17 
18.83 
18.50 
18.88 
19.17 
19.75 
20.25 
20.67 
21.83 
22.92 
23.58 
24.00 
24.88 
24.58 
24.88 
25.17 
25.42 
25.67 
26.00 
26.50 
17.88 
28.60 
29.25 


Apr. 


29.92 

80.83 

30.68 

80.88 

81.06 

81.25 

81,42 

31.58 

32.08 

88.00 

88.50 

83.75 

84.00 

84.25 

34.42 

84.58 

34.  n 

34.88 

35.00 

86.00 

84.96 

34.92 

34.92 

84.96 

85.00 

85.25 

85.42 

35.50 

35.60 

86.00 


86.17 
86.17 
36.17 
36.13 
86.08 
86.00 
35.79 
85.63 
85.60 
85.42 
85.38 
85.17 
85.00 
84.92 
34.83 
84.75 
84.63 
84.50 
84.42 
84.38 
34.33' 
84.25 
84.88 
84.54 
84.67 
84.92 
35.08 
85.25 
85.33 
85.88 
86.60 


85.54 
86.54 
35.58 
85.68 
35.53 
86.58 
85.68 
36.67 
35.67 
85.67 
86.67 
85.67 
85.67 
35.71 
35.75 
85.75 
85.76 
85.75 
36.79 
35.79 
85.88 
85.88 
85.83 
85.88 
85.92 
85.96 
86.08 
8S.17 
86.17 
86.17 


July.  >  Aug. 


86.25 
86.29 
86.83 
36.46 
86.42 
86.29 
86.13 
86.00 
35.88 
85.79 
85.63 
85.60 
35.42 
85.42 
86.50 
85.67 
85.68 
85.54 
35.60 
85.68 
86.75 
85.92 
85.92 
35.75 
35.68 
85.42 
85.88 
35.25 
35.17 
35.06 
34.96 


84.79 
I  34.75 
84.67 
84.68 
34.67 
34.75 
34.83 
84.83 
34.75 
84.75 
84.67 
34.58 
84.54 
84.46 
84.88 
84.83 
34.25 
84.17 
84.00 
83.83 
83.71 
38.68 
83.42 
83.21 
88.00 
82.83 
82.67 
82.60 
32.25 


82.06 


81.92 
81.76 
81.68 
81.88 
81.17 
81.00 
80.83 
30.71 
30.75 
80.88 
80.79 
80.64 
80.29 
80.83 
80.83 
80.83 
80.88 
80.42 
80.46 
80.50 
30.54 
80.54 
80.42 
80.17 
29.88 
29.67 
29.50 
29.83 
29.17 
29.04 


28.92 

28.75 

28.68 

28.42 

28.88 

28.60 

28.17 

28.17 

28.21 

28.25 

28.88 

26.87 

28.42 

28.60 

28.50 

28.46 

28.42 

28.42 

28.42 

28.42 

28.42 

28.46 

28.60 

28.58 

28.76 

28.92 

29.08 

29.80  , 

29.42  \ 

29.42  j 

29.87  ' 

L 


20.08 
28.88 
28.58 
28.88 
28.06 
27.92 
27.76 
27.67 
27.75 
27.83 
27.92 
28.00 
26.17 
28.37 
28.21 
28.04 
27.83 
27.67 
27.60 
27.88 
27.17 
27.00 
26.88 
26.67 
26.60 
26.83 
26.17 
26.00 
25.88 
25.67 


Dec 


25.68 
25.67 
25.79 
25.92 
26.00 
26.00 
25.83 
25.67 
25.60 
25.88 
26.17 
25.06 
25.00 
25.06 
25.17 
25.88 
25.60 
25.67 
25.88 
25.88 
25.83 
25.92 
26.00 
26.00 
26.00 
25.92 
25.75 
25.68 
25.42 
25.29 
25.17 


8CHROON  RIVER  NEAR  WARRENSBURG,  N.  Y. 

The  record  at  this  station,  which  is  situated  at  the  dam  and  mill  of 
le  Schroon  River  Pulp  Company  near  the  mouth  of  Schroon  River, 

tributary  of  Upper  Hudson  River,  was  established  November,  1895. 
L  record  of  the  run-off  for  preceding  years  together  with  a  description 
f  the  drainage  area  may  be  found  in  Water-Supply  Paper  No.  65,  pages 
5  to  47.  The  high  water  of  March  21,  1902,  resulted  in  a  discharge 
f  7,042  second-feet  at  this  dam  or  12.51  second-feet  per  square  mile 
rom  the  tributary  drainage  area  of  563  square  miles.  The  record  has 
►f*en  maintained  in  cooperation  with  the  officials  of  the  Schroon  River 
*ulp  Company.  The  record  for  the  first  three  months  of  1902  is  given 
lerewith.  Owing  to  change  in  management  of  company,  the  data  for 
he  remaining  months  of  the  year  are  not  available  at  present. 
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Mean  daily  flitw,  in  second-feet^  of  Schroon  River  belatr  Warrewimrg.  y.  V 


Day. 


19Ue. 


Jan.  Feb.  liar. 


I! 


Day. 


i9Qe. 


Jan. 


1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 


761 
781 
761 
761 

(«) 
761 

761 

806 
806 
80H 
768 


6U 

(") 
574 
574  ' 


74() 

(«) 
2,057 
,  8,068 
574  I  3,287 
574  I  8,382 
574  !  3.482 
574 
(") 
574 
535 


536 
535 
535 
585 

(n) 

674 

4T7 

8,287  I  10 (a)    1  477 

477 
477 
477 


2,582 
2,377 


12. 
13. 
14. 
L5. 
16- 
17. 
18. 


30. 
21. 
22. 


574 
574 
574 
674 
674 
574 


612 
612 
612 


Feb. 


4,4«2 
4,680 
5,087 
5,307 

(«> 
5,487 
5,047 
5, 64 1 
6,497 
7,0iS 
4,342 


i' 


-    ! 


Day. 

ISQS. 
23 

1 

Jul 

34 

..    «K 

25 

..    (12 

26 

..    )•> 

27 

...    «2 

28 

...    IK 

29 

ao 

...    «li 

81 

.     412 

1 

Feb  lir 


C,    ■•  c 
SC    ft 


a  Sunday. 


Estimated  monthly  discharge  of  Schroon  Rirer  below  Warreruburg.  .V  V. 

[Drainage  area,  563  square  miles.] 


Month. 

Mean 
dis- 
charge. 

Senmd-fcet  t.^i  . 
1.18 

JftiMiftry 

1902. 

664 

532 

3,850 

February 

March 

« 

0.95  ■' ' 
6.85          ■" 

HUDSON  RIVER  AT  FORT  EDWARD,  N.  Y. 

This  station  was  established  by  Greorge  W.  Rafter  in  connt^ '  •■ 
with  the  Upper  Hudson  storage  surveys  in  1895.     The  record  pm^ 
ing  the  year  1809  has  not  been  published.     The  station  is de^r- 
and  the  results  as  to  run-off  are  given  in  Water-Supply  Paper  X«»' 
pages  48  to  50. 


MrEr.L..] 


UPPER   HUDSON    DRAINAGE    BASIN. 
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Mean  daily  flow,  in  second-feet  ^  of  Hudson  River  at  Fort  Edward,  N.  F. 


Day. 


Jan. 


1902. 

2,751 
2,166 
2,478 
1,128 

a2,2ai 
2,647 
2,247 
2,647 
2,942 
2,674 
1,144 

a2,231 
2,767 
2,507 
2,247 
2,647 
2,607 
1,144 
) ;«1,«50 


Feb. 


1,866 


Mar. 


2,491 


a2,237  a8,140 


2,963 
2,198 
2,198 
2,219 
2,698 
1,248 


) 


2,106 
1,966 
1,766 
2,360 
3,145 


5 ;    1,740 

8 a3,156 

7 3,785 

8 3,380 


9 2,960 

10 2,711 

tt 2,960 


2,162 
2,334 
2,221 
2,478 
2,479 
1,278 
a  1,960 
2,479 
2,339 
2,447 
2,868 


17,818 


20,450    8,479 


19,965 
15,090 
15,241 


a  2, 231^13, 6701  4,642 
2,447  8,169  10,835 
2,447  7,821  15,170 
2,198  8,00o|  11,997 
2,198 
2,198 
1,155 
al,960al5.310|    7,086 

29,707 

25,031 

21,577 


Apr. 


14,807 

12,870 

9,155 


4,408 

a  4, 185 

5,213 


13,110     4,902 


7,976al2,080 
16,178  10,487 
15,754     7,625 


6,240 
5,554 
2,822| 
18, 306;  a  4, 185 


12,977 

10,-483 

al3,130 

10,421 

10,539 

8,431 

9,155 


3,262     7,823    6,576 


5,386 
aU,500 
14,127 


6,981 
5,135 
4,028 
4,028 
3,769 
1,992 
"5,645 


6,575 
5,430 


May. 


7,600 
10,259 
4,817 
a  7,255 
9,661 
7,176 
8,829 
6,851 
6,022 
2,776 
a  4, 135 
4,829 
4,668 
4,560 
4,254 
4,281 
1,958 
a  115 
3,894 
5,821 
4,025 
3.488 
8,482 
1,728 
adO 
4,421 
4,420 
4,421 
3,822 
4,440 
2,005 


June. 


a  4,865 
6,738 
4,626 
4,626 
5,192 
5,192 
2,776 

«4,135 
6,684 
4,626 
4,626 
5,195 
1,578 
4,135 

a6,235 
6,685 
4,886 
5,081 
5,192 
6,688 
5,198 

a6,285 


July. 


5,192 
5,192 

14,607 

16,810 

15,244 
al0,460 

10,149 
7,926 
6,081 
5,821 
5.821 
2,916 

a  4, 185 
4,594i 
2,940| 
4,743j 
5,192* 
4,886* 
2,880| 

a5,645| 
7,556| 
7,236 
8,742{  9,868| 
9,712! 
9,266; 
6,147' 

a  6, 836' 
7,668 
7,566 


5,399 

4,886 

4,686 

5,192 

2,860 
«7,266 

8,639!    6,931 
5,830 


Ang. 


5,288 
5,197 

a7,266 
8,254 
6,081 
5,134 
7,286 
7,286 
5,256 

a7,256 
8,272 
5,992 
6,042 
5,461 
5,086 
2,906 

a  4,135 
3,968 
8,876 
8,791 
3,791 
3,791 
l,n8 

02,231 
4,676 
3,606 
3,248 
2,968 
8,802 
1,294 

"2,231 


Sept. 


2,231 
2,715 
2,449 
2,276 
2,106 
1,104 

a  8, 155 
3,823 
8,200 
2,924 
8,481 
8,220 
1,896 

«2,814 
8,604 
2,452 
2,107 
1,728 
1,988 
897 

al,680 
1,609| 
1,547| 
1,460 
1,579| 
2,047 
872' 

a8,474| 
4,857! 
4,712 


Oct. 


4,763 

5,031 

2,624 

2,085 
"2,630 

4,063 

4,219 

4,312 

4,812  "4,866 

4,063|    5,086 

l,546l  8,900 
8,740 
4,025 
4,310 
2,804* 


8,894 
"10,460 
9,817 
7,335 
6,815 
5,611 
5,806 
2,804 


al,960! 
8,225! 


2,835' 

8,135' 

8,628  "6,085! 
7,287' 
5,896 
5,081 
5,192 
5,896 
3,277! 
"4,136 
4,364 
4,364 
4,310 
4,810 
4,310 


4,063 
1,899 

"4,136 
6,684 
6,611 
5.396 
4.886 
4,363 
4,159 

"4,135 
4,421 
4,369 


10,588  1,982 
14,074  "5,654 
15,014' 


8.888 
8,476 
3,491 
4,867 
4,420 
1,898 

"2,834 
3,619 
8,483 
8.211 
8,634 
8,718 
1,558 

"8,474 
2,829 
2,827 
4,401 
6,682 
5,500 
8,217 

"5,654 
8,268 

10,087 

10,087 
7,680 
9,660 
6,126 

"6,885 
6,632 
6,690 
5,348 


a  Sundays. 
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STBEAK  irEASUBElI£irrS  IK    1902,  PAST  I. 


,!k.'  t 


Estimated  monthly  discharge  of  Hudson  River  at  Hudson  Paper  MiU  Ct<mpa)  i 

mUl  at  Fort  Edward,  N,  Y. 

[Drainage  area.  2,800  square  miles.] 


Month. 


1902. 

January 

February 

March 

April _ 

May 

Jnne 

July- 

Angnst 

September 

October 

November 

December 

The  year 


BaB<afl 


charge.  SecoDd-f««t   rw,  . 


0.86 
.79 
4.75 
2.52 
1.67 
1.53 
2.57 
1.69 
.88 
1.7S 
1.87 
1.76 


.'.ti 
I.:: 


I  5^ 


■1   * 


1.88 


HUDSON  RIVER  AT  MECHANICVILL.K,  N.  T. 

This  gaging  record,  which  has  been  maintained  since  1888  by  li 
Duncan  Company  at  their  dam  and  paper  mill,  is  furnished  by  K.  P 
Bloss,  C.  E.,  engineer  of  the  company.  The  station  is  described  i 
Water-Supply  Paper  No.  65,  pages  50  to  53,  and  the  run-off  daU  f  ' 
the  years  1898  to  1901  are  given.  The  run-off  for  earlier  years  iiwyl*' 
found  in  the  annual  reports  of  the  United  States  Geological  SnncJ 
on  Progress  of  Stream  Measurements. 


tVKI^I^.l 
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3iV»<x?*.  daily  flow,  in  second-feet,  of  Hudson  River  at  MechanicvilU\  iV.  V, 


Feb. 


190dS. 
5,019 

■- !    6,0BO 

_._ 5,607 

-. 4,160 

3.754 

_._ 3,825 

'    3,058 

3,858 

8,925 

4,318 

8,500 

3,889 

4,034 

3,964 
3,818 
3.944 

I    5,353 

i _ I    4,103 

> 4,778 

) 5,038 

5,126 

J 5,308 

} '    5,788 

1 6,212 

5 - 4,337 

(J 4,488 

7 7,353 

H... ;    9,160 

9 

» 

U = 


Mar.     Apr. 


37,064  28 


27,300| 
41,3Q2| 
32, 881 ' 
29,491, 
21,898 
21.145' 
19,256| 
15,848 
16,575' 
14.541J 
17,686 
23,312 
28,187, 
25,211 


24 

20 
17 
14 


33,274 

42,940 

37,038 

30,551 

26,048 

24,000 

21,698 

22,387 

19,648' 

18,311 

16. 72:}" 

16,ai5 

19,815 

23,230 

29.487 


12 

10, 

11 

22 

26 

25 

24 

21 

16 

13 

13 

11 

10 

8 

11 

10 

9 

9 

8 

8 

9 

13 

12 

13 


28' 
412 
724 
576 
9K9 


May. 


778 
843 
848 
112 
913 
250 
323 
01:> 
448^ 

mi 

080' 

755.' 

743| 

895 

»« 

071 

348 

959 

446 

336 

110 

008 
672 


18 
18 
15 
14 
16 
14 
14 
11 
11 
10 
9 
8 


0 
6 
5 
4 

5 
6 
6 
4 
4 
4 
7 
8 

13 
9 
9 

10 


009 
886 
881 
365 
173 
315 
820 
988 
192 
84;^ 
360 
923 
645 
848 
070 
210 
46;^ 
756 
102 
662 
012 

6;^ 

965 
620 
100 
748 
760 
890 
398 
9TS 
521 


6,444 
7,611 
6,174 
6.883 
6,635 
6,810 
6,361 
5,060 


7,398 


6,985 

6,436 

6,086 

5,836 

5,437 

4,009 

6,529 

7,173 

6,798 

6,796 

6,086 

5,812 

5,250 

6,848 

6,886 

6,140 

5,6a) 

6,074 

6,988 

5,876 

7,481 


6,524 

6,524 

6,976 

10  275 

14,487 

12,225| 

11,698' 

9,523 

8,335, 

8,148 

7,748 

6,607 

4.775' 

6,111 

4,940l 

5,755' 

6,242' 

6, 5671 

5,407 

5,375 

14,311 

13,391 

12,334 

11,231' 

12,34qI 

11,376' 

9,315 

11,501! 

10,049| 

8,948; 

7,996' 


o<-t. 


Nov.  i  Dec. 


6,812.    2,621  6,825J.«14,276n6,180 

8, Iff)     4,245  6, 2%) all, 25!)  a 4, 928 

7, 986  «  3, 201  6, 547'nl2,  »jO  «  4, 849 

9, 530' «  2, 972'  5,504  "10, 094  n  4. 995 

8, 655  «  3, 071  ]  4, 431 1 «  8,  KK  "  C,  341 

6, 983|  rt  3, 178'  6, 319.  a  8, 044  «  5, 775 

8, 303  « 1, 789'  6, 029  "  7, 302  «  3, 331 

9,168  a5,02r  5,637' a 7, 302  "5,524 

9,280  «4,216'  5, 795' n 6, 087  « 5, 007 

8, 174  a  4, 181 1  5, 477J "  7, 328  «  4, 186 

9,588  «4,44l[  5,020  05,688  « 5, 411 

8, 965'  a  4, 718  3, 47l| "  6, 279  «  5, 548 

8  630a4,718'  6,08  « 5, 229  05,105 

7,62803,786  4,557  «  5,442  nC,  725 

8,140  a5,613  4,502  a 0,644  a 6, 896 

6, 118  «  3, 944'  4, 812,  a  6, 726  «  5, 507 

4,509  ct3,348|  4,871 /i 8,536 al5, 846 

5,842/«3,(K5  4,855  «  7,085  nl3, 714 

4,83702,737'  3,831  «6,7ao«ll,982 

4, 489  «  2. 712  7, 669  o  6, 273 olO, 219 

4,477     1,707  7,574  o  0,961  08, 858 

4,114  7, 174' «  6, 181   21,649 

3,134,  0, 6351 04, 504  21,787 


4,677. 

4,552| 

3,  aw' 

5,419| 
4,270 
4,109 
3,722 
3,586 
3,294 
1,539 


2,940  5,971 
2,8a7  5,457 
2,597 


06, 724  16,410 
05, 639  12,697 
3,907  05, 206  13,808 
2,7ffi  6, 442!  05, 239  12,514 
2,818|  10,658Jo5,775|  10,172 
6,125ol7,90l|«5,410'  10,989 
6,741  ol7. 631 '03, 840  8,881 
1*116,951' 8,398 


.0  FlashboardM  irregular;  results  approximate. 
NoTK.— Re<x>rd  not  available  for  January. 
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Estimated  monthly  discharge  of  Hudtum  River  at  Meehanirrille.  .V.  Y. 

[Dituiiage  arna,  4,nm sqiuire  miles.] 


February  . 
March  ..  . 

April 

May  -  -     - 

Jtine 

July  - . . 
Auguflt. . 
September. 
October  . . . 
November. 
Deoeml)er  . 


Month. 


1902. 


Mean  d»- 

!  charfre.     Second-feet     jv.. 

per  ^9™**      rJ. 


Sec-ffft. 

4,741 

l.o2 

■  > 

25, 130 

5.53 

r      » 

15,222  , 

2.»* 

,    — 

7,949 

1.76 

^          • 

6,315 

1.40 

I    '' 

8,9a4  I 

1.98 

6,286 

1.40 

l.'^ 

3,643 

.81 

,'» 

6,894  ' 

1.53 

1  T' 

7,076 

1.41 

..> 

9.162 

l.SS 

QUACKEKKILL   CREEK   AT  QUACKENKILL   VIT.I^AGK,  N.  Y. 

The  lieadwat^rs  of  Quackenkill  Creek  lie  in  a  series  of  stonur- 
ponds  in  central  Rensselaer  County.  These  ponds,  four  in  nnnil*:. 
have  a  combined  water-surface  area  of  0.15  square  mile.  They  at 
sitimted  at  an  average  elevation  of  1,485  feet  above  tide.  Qiuukt^ 
kill  is  tributary  to  Poesteiikill,  and  the  ponds  are  utilized  by  mill^i* 
Troy  to  equalize  the  extremes  of  flow  and  increase  the  low- water  •'..*■ 
charge  of  the  latter  stream.  The  drainage  area  of  the  Quackenk:;:  ? 
for  the  most  part  cleared  and  precipitous. 

A  gaging  record  was  maintained  on  the  Quackenkill,  below  th- 
lower  highway  bridge  in  Quackenkill  village,  during  1894.  Avf 
having  a  crest  8  feet  in  length  was  erect e<l  across  the  stream.  lO 
observations  of  the  depth  on  the  weir  at  a  stake  a  short  disur." 
upsti-eam  were  taken  daily.  Tlie  discharge  was  calculated  byil- 
Francis  formula.  The  drainage  area  above  the  ix>int  of  gaginir  * 
18.5  square  miles,  and  above  the  junction  of  the  stream  with  !:- 
Poestenkill  is  30.5  square  miles. 

The  record  has  been  furnished  by  William  G.  Ray^mond,  conn- 
ing engineer  of  department  of  water  supply^  of  Troy. 
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an  daily  floWy  in  second-feet ,  of  Quackenkill  Creek  at  Quackehkill  village,  N.  Y, 


Day. 


Jan. 


18M. 

23.9 

27.7 

81.6 

36.2 

75.2 

7:^.2 

- M.7 

'  85.2 

81.7 

22.9 

27.8 

20.3 

18.9 

18.6 

19.1 

47.7 

38.4 

,  27.0 

30.0 

17.4 

14.2 

14.8 

- 20.7 

27.4 

57.0 

30.1 

86.6 

J 20.0 

• -  17.6 

> I  16.8 

17.0 


m    ) 


Feb. 

Mar. 

Apr. 

18.8 

8.9 

29.4 

14.6     14.7 

27.2 

18.8  !  23.9 

17.4 

11.9 

81.7 

82.8 

12.2 

56.5 

76.6 

10.4 

269.6 

53.5 

10.6 

426.4 

40.4 

11.0 

189.2 

39.0 

11.5 

114.4 

44.8 

11.8  111.7 

42.8 

11.0 

145.3 

83.5 

11.0 
10.2 
11.0 
10.8 
11.5 
10.2 
12.4 
19.6 
19.8 
17.1 
15.1 
14.3 
13.5 
10.7 
9.9 
9.2 
8.7 


164.8 
99.  o 
83.7 
50.6 
60.5 
33.2 
45.1 
84.5 
65.4 
52.9 
50.4 
173.5 
107.8 
70.3 
58.3 
42.8 
35.5 
29.7 
22.4 
22.8 


28.9 
26.9 
22.6 
20.2 
19.8 
15.7 
14.6 
12.2 
14.0 
74.1 
109.3 
109.7 


116.0 

72.7 

53.2 

33.9 

26.1 

25.9 

21.7 

15.7 

14.4 

14.8 

12.5 

12.3 

9.8 

68.8 

41.9 

26.6 

17.4 

14.9 

13.2 

8.7 

9.0 

6.8 

5.2 

4.1 

4.2 

6.5 

5.6 

4.1 

8.9 

8.7 

8.9 

12.8 

174.1 

12.8 

12.9 

37.0 

24.8 

21.5 


1 

June. 

1 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1 
31.8 

1.2 

8.7 

10.2 

1.3 

84.3 

14.6 

50.1 

.9 

8.7 

8.6 

1.8 

36.0 

11.7 

41.1 

.5 

10.8 

8.5 

1.8 

68.9 

9.2 

25.0 

2.1 

10.6 

7.6 

2.1 

75.8 

12.9 

28.5 

8.2 

8.7 

6.0 

3.6 

59.8 

11.7 

16.2 

6.4 

8.5 

9.6 

6.0 

94.2 

10.9 

12.3 

13.2 

9.3 

8.8 

6.1 

55.1 

18.8 

'll.l 

11.7 

8.9 

8.1 

4.8 

77.4 

9.8 

,  12.2 

11.9 

8.8 

8.8 

9.6 

56.9 

10.2 

9.2 

9.8  '    7.0 

8.2 

84.7 

54.8 

11.8 

8.2 

8.3  j    7.3 

8.9 

46.7 

89.3 

18.8 

5.3 

10.7  .    7.3 

6.5 

42.9 

29.6 

125.9 

4.2 

8.2      7.8 

8.5 

28.3 

29.4 

267.9 

4.8 

12.1       7.1 

7.8 

32.0 

34.1 

141.4 

3.6 

9.4  .    7.3 

6.3 

23.1 

31.9 

90.4 

2.3 

11.2      6.9 

6.5 

17.3 

52.1 

63.4 

2.1 

11.1 

6.6 

6.6 

9.7 

72.5 

98.8 

2.1 

10.1 

7.4 

5.1 

9.0 

51.1 

67.7 

2.0 

10.1 

8.7 

5.5 

11.9 

51.8 

53.8 

5.3 

12.0 

12.2 

10.1 

7.0 

23.7 

84.4 

11.1 

9.5  '  13.5 

12.2 

6.2 

25.6 

29.8 

9.3 

12.8 

12.6 

9.5 

7.4 

26.8 

30.2 

5.1 

11.9 

13.6 

3.8 

5.5 

22.8 

15.1 

6.0 

10.8 

18.4 

5.8 

4.3 

84.8 

13.4 

2.8 

5.7 

11.0 

4.3 

5.2 

31.9 

12.8 

1.8 

6.0 

10.2 

3.5 

5.8 

24.6 

11.3 

1.8 

4.1 

10.2 

4.0 

4.1 

24.8 

9.9 

1.8 

9.9 

10.2 

2.6 

4.7 

19.4 

10.4 

1.7 

9.4 

10.2 

1.7 

5.9 

15.2 

12.8 

1.7 

9.4 

10.2 

1.7 

8.7 

12.8 

11.2 

9.5 

9.7 

4.0 

10.8 
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Estimated  monthly  discharge  of  Quackenkill  Creek  at  Qu4^ckeiikill  viOaof,  X  V 

[Drainage  area,  18^  square  miles.] 


Janaary. .. 
February - 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November. 
December  . 


The  year 


Month. 


1894. 


BmnsS- 


Mean  di»- 
charse.     Seeond-fei^t     jjp^a  ^ 

aile. 


26. 


xni 


Sec-fret. 

1 

1 

30.0 

j            ^-«*^ 

I."-: 

12.3 

.66 

.^1 

88.5 

4.56 

41. T 

3, 25 

1" 

19.7 

1.65 

1 

h^ 

10.5 

'               ..56': 

.fc 

8.4 

!              .43 

J' 

9.4 

.51 

.V 

6.8 

.37 

.4' 

11.4 

.62 

,  1 ' 

42. 5 

2.29 

r.'"' 

39.4 

2.13 

zA'' 

1.47 


STREAMS     PROPOSED    AS     SOURCES    OF      PUBLIC    WATIIH 

SUPPIiY  FOR  NEW  YORK  CITY. 

In  July,   1901,  gaging  stations  were  establLshe<l   and   a  series  ^'• 
discharge  measurements   undertaken    on   stre-aius    in    the    Cat>t: 
Mountain  region  and  vicinity  in  cooperation  with  the  departineni « 
water  supply  of  New  York  City.     In  the  following  table  the  draiiia:- 
area  of  the  several  streams  are  given : 


Drainage  area  of  streams  proposed  as  sotirces  of  icater  supply  for  New  York 


»i" 


Location  of  gagring  station. 

I>raiiaa^e  ara- 

Stream. 

Above  pro- 
posed rcsser- 
volr. 

»S^.  miles. 
200 
1,020 
140 
242 
464 
184 

Above  icafT 

in^  station. 

.Si2.  miir«. 
195 
1,020 
260 
312 
T35 

AV- 

Tenmile  River 

Dover  Plains,  N.  Y 

Qaylordsville,  Conn 

South  Cairo,  N.  Y 

Kingston,  N.  Y 

1 , 

Uousatonic  River 

Catskill  Creek 

Esopus  Creek 

Wallkill  River 

Rondout  Creek 

•• 

NewxMiltz,  N.  Y 

Rosendale,  N.  Y 

1 

FishkiU  Creek 

Qlenham,  N.  Y 

l.>8                 198 

«< 

a  Above  junction  with  Wallkill  River. 
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A  gsLging  station  on  Housatonic  River  at  Gaylordsville,  Conn., 
itablished  October  23, 1900,  by  the  United  States  Geological  Survey  is 
so  included. 

ESOPUS  CREEK  AT  KINGSTON,  N.  Y. 

Th;8  paging  station  is  located  at  the  Washington  avenue  bridge  in 
ingston,  and  was  established  July  5,  1901.  The  drainage  basin  is 
inscribed  and  results  of  discharge  measurements  and  gage  readings 
)r  1901  are  given  in  Water-Supply  Paper  No.  65,  pages  63  to  66. 
he  maximum  observed  gage  heights  have  been  as  follows : 


Oage  heights  of  Esopus  Creek  at  Kingston. 


Date. 

A.  M.           M.             P.  M. 

December  15 

1901. 

20.0 

1 
!      22.75 

)ecember  16 

17.0      

13.4 

aTinary  22    .   . 

1902. 

16.15 

larch  1 -  - - - 

20.45 
16.1 
17. 25 

19.75 

farch  2 _ 

17.52 

larch  3-     _ 

1 

if  arch  17 - 

18.8 

20. 15 

18.22 

teptember  29 

20. 75 

18.8 
16.8 

24.1 

^fipt^TTiber  80                                                        _    _ 

15.9 

")pc^Tnl»er  17                                  

1 

• 
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The  following  table  gives  a  list  of  the  discharge  measurementjirui:- 
on  Esopufl  Creek  at  Kingston,  N.  Y.,  during  1902: 

Discharge  meastirementa  of  Eaopits  Creek  at  Kinggion,  .V.  ]' 


I>«t4».  j  Hydrosrepher.  ^^^    Dtb.-s- 


1902.                        ;  Fett  s.^-^" 

Jnneie [  W.W.Schlecht 4.4s  iA' 

September4 ;  H.K.Barrows 4.49  It 

Angust  21 do  ._ 4.W  I?. 

Jtme26 W.W.Schlecht 5.02  f::^. 

Jones do 5.03  i-" 

July  16 H.K.Barrows... 5.1.1  3^' 

November22 F. H. Tillmghast 5.45  ert 

Jnly9 Barrows  and  Schlecht 5.81  4^ 

May  14 1  W. W. Schlecht  ... .    .._ 5.S3  ir. 

September23 ...J  P.M.Churchill •  5.87 


F.  H.  Tillinghast 6.00 

H.K.  Barrows 6.28 

I 

W.W.Schlecht 6.38 

do - I  «.41 

F. H. Tillinghast 6.55 

W/W.Schlecht '  6.94 

do 7.14 


4,? 

V»' 


November  11 

Angnst  12 

May  24 

Jnne  5 

November  5 

April  23 

May  14 

JnlySO  .._ 

July  24 

October4.. P.M.Churchill 9.32      1.^' 

March  12 .|  Horton  and  Schlecht 9.90      i^ 

AprilSO I  W.W.Schlecht .     10.28      2.< 

DecemberlS. |  F.H. Tillinghast 13.00      tA'^- 

April  10 

December  22 

March  1 


H.  K.  Barrows. 7.65      H ' 

do 8.11      1> 


W.W.Schlecht.. 13.37      >.''-' 

F.H.  Tillinghast '    16.00      ^•^ 

W.W.Schlecht... ...1    20.38    Hi ^^ 


a  Measured  at  Glasgow  Bridge,  Glenerie. 

b  Large  quantities  of  floating  ice  in  the  stream.    Surface  velocities  used 

The  following  measurements  were  also  made  during  theperk"' 
ice  obstruction,  by  W.  W.  Schlecht: 

February  20:  Gage  height,  5.38;  discharge,  245.  second-feet;  river  partly  fr^O"- 

er. 

February  15:  Gage  height,  5.60:  discharge,  337  second-feet:  river  mostly  frc- 


over. 

Fe 

over. 


February  7:  Gage  height,  6.83;  discharge,  530  second-feet:  river  partly  trc^^' 
September  20, 1.30  p.  m.:  The  stream  attained  a  flood  stage,  giving  a  "*^ 
of  25.25  on  the  gage. 
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Mean  daily  gage  height^  infect,  of  Esopus  Creek  at  Kingston,  N,  Y. 


Day. 

Jan. 

8.20 
10.35 
9.95 
8.40 
7.66 
7.30 
6.95 
6.65 
6.50 
6.40 
6.35 
5.88 
6.00 
5.93 
5.60 
5.58 
5.59 
5.30 
5.50 
5.86 
4.95 
12.78 
10.88 
8.88 
8.00 
7.53 
8.63 
8.08 
7.72 
7.82 
7.48 

Feb. 

7.26 
7.45 
9.35 
7.72 
7.52 
7.16 
6.7D 
6.47 
6.14 
6.26 
5.94 
5.88 
5.77 
5.6[) 
5.58 
5.53 
5.63 
5.80 
5.45 
5.30 
5.36 
5.36 
5.30 
5.36 
5.80 
6.45 
9.30 
9.37 





Mar. 

80.10 

16.82 

15.75 

11. (W 

9.45 

8.95 

7.90 

7.68 

8.85 

9.20 

9.05 

9.80 

11.85 

11.82 

9.98 

9.33 

al8.28 

13.10 

10.13 

9.20 

8.62 

8.25 

8.20 

7.87 

7.63 

7.43 

7.28 

7.19 

11.65 

12.55 

10.45 

Apr. 

1 

May.  June.  July. 

1 

Aug. 

Sept. 

Ck-t. 

13.38 
11.68 
10.10 
9.50 
860 
9.64 
8.68 
8.18 
7.86 
7.40 
7.15 
9.10 
8.47 
8.00 
7.60 
7.83 
7.15 
6.96 
6.75 
6.78 
6.47 
6.30 
6.20 
6.13 
6.30 
5.87 
5.78 
7.83 
8.35 
7.75 
7.50 

Nov. 

Dec. 

iwe. 

9.35 
8.60 
8.05 
7.64 
7.33 
7.03 
7.18 
7.28 
13.10 
13,86 
11.60 
10.22 
9.41 
8.78 
8.25 
7.90 
7.58 
7.86 
7.10 
6. 96 
6.80 
6.78 
6.98 
6.88 
6.58 
6.36 
6.35 
6.20 
5.98 
9.81 

1 
8.95  '  4.85     6.38 
8.18     4.83     6.19 
7.78     4.78     0.00 
7.70     4.83     6.40 
7.48     4.70    5.99 
7.11     4. 73     6.19 
6.98     4.55     G.16 

7.09 
7.96 
7.10 
6.90 
6.53 
7.08 
6.90 
3.43 
6.18 
5.88 
5.83 
6.26 
5.73 
5.58 
5.88 
5.30 
5.  OB 
5.10 
4.98 
4.98 
4.88 
4.86 
4.78 
4.65 
4.70 
4.66 
4.55 
4.65 
4.70 
4..60 
4.63 

4.45 
4.48 
4.43 
4.38 
4.38 
4.33 
4.38 
4.38 
4.38 
7.68 
6.00 
5.49 
5.53 
6.18 
5.&5 
5.63 
5.30 
5.13 
5.08 
5.80 
6.88 
6.28 
5.88 
5.68 
5.88 
7.00 

10.36 

9.48 

&22.43 

17.35 

7.28 

6.75 

5.83 

6.55 

6.55 

6.25 

6.47 

6.36 

6.13 

6.08 

7.85 

5.95 

5.85 

5.78 

5.78 

5.63 

5.60 

5.60 

5.54 

5.46 

5.45 

5.38 

5.36 

5.36 

5.2 

5.3 

6.0 

6.6 

6.1 

5.88 

5.9 
5.7 

I 

1 

6.19 
6.48 

6.33 
6.18 
0.86 

6.74 
6.55 
6.40 
6.23 
6.10 
5.96 
5.88 
5.70 
5.70 
5.50 
5.33 
5.38 

4.63    6.  OB 
4.63     5.80 
4.68     5.58 
4.58     5.50 

4.45  5.34 
4.53    5.15 
4.58     5.0) 
4.40    4.98 

4.46  4.99 
4.78     4.89 
4.94     4.80 
1  63     4  78 

0.6 

6.45 

6.00 
6.85 

0.56 

0.86 
0.4 
6.48 
6.66 

16.20 

• 

12.86 

1 

11.00 

( 

5.40    4.80    6.87 
5.28     4.81  10.00 
5.13     5.55     9.50 
5.03    5.13  ,  9.28 
5.00     4.93     8.38 
4.88     4.81     8.58 
5.20     4.93    8.68 
6.20     5.15     8.01 
5.58  '  4.84     7.75 
5.26     4.81     7.19 
5.03     7.10     7.68 
5.08   7.36 

9.96 

8.55 

1 

15.6 

{ 

12.80 

I 

10.40 

• 

)  

9.85 

\ 

r 

8.7 

8.28 

8.75 

J 

} 

9.10 
8.97 

1 

8.05 

o  Highest  water  at  1.30  p.  m.,  18.30. 


b  Highest  water  at  1.30  p.  m.,  26.26^ 


CATSKILL  CREEK  AT  SOUTH  CAIRO,  N.  Y. 

This  stream  is  describe<l  and  the  results  of  current-meter  measure- 
nents,  together  with  daily  gage  heights  of  1901,  are  given  in  Water- 
supply  Paper  No.  65,  pages  61  to  63.  In  relation  to  the  supply  available 
for  storage  in  the  proposed  reservoirs,  the  maximum  discharge  of  these 
streams  is  of  interest.  The  following  table  shows  a  number  of  the 
maximum  gage  readings  of  1001,  also  of  1902.     This,  in  connection 
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with  the  accompanying  table  of  discharge  measurements,  will  w^n- . 
illuHtrate  the  freshet  flow  of  this  stream : 

Gage  heights  of  CatshiU  Creek,  in  feet,  at  South  Cairo,  X,  Y.,  during  fmk'\ 


Date. 


AM-       PI 


1901. 
December  15 |      l-Vu        .«' 

190e. 

February  28 _ -• 

March  1 _ _.. -_ 11.5 

April  9 - -J     n.r      1'^ 


The  following  table  gives  a  list  of  the  discharge  measurem^^n* 
made  on  Catskill  Creek  at  South  Cairo,  N.  Y.,  during  1902: 

Discharge  measureifients  of  Catskill  Creek  at  South  Cairo,  Al  )'. 


Date. 


1902. 

Jnne  13 

June  24 

Aagnst  27 

September  5 

Jnne  3 

May  23 

September  22 

July9 

May  10 

August  13 

November  7 

December  3 

• 

October  10 

April  22 

August  2. 

December  18 

July  23 

April  11..  

March  13 


Hydrosrapher. 


iSSTi-  ^^'^" 


W.W.Schlecht 

do 

H.  K.  Barrows 

do _ 

W.W.Schlecht 

do - 

P.  M.  diurchill 

H.  K.  Barrows . 

W.W.Schlecht 

H.  K.  Barrows 

F.H.Tniinghast 

do 

P.  M.  Churchill 

W.W.Schlecht 

H.  K.  Barrows. 

F.H.Tillingha8t 

H.K.  Barrows 

W.W.Schlecht 

Horton  and  Schlecht. 


Frrt. 

>r-v? 

2.09 

V' 

2.70 

4--" 

2.74 

St 

179 

>' 

2.83 

< 

2.  S3 

*j 

3.32 

•,"t 

3.365 

•  • 

8.47 

3.49 

3.80 

jr. 

3.90 

4*' 

3.92 

r4: 

4.06 

y  . 

5.  S6 

I."' 

5.45 

1.(1-4 

6.11 

\M    1 

6.86 

2.?:^ 

8.66 

:^A< 

1 

A  measurement  made  February  27, 1902,  with  the  stream  obetmi  t"' 
by  ice,  showed  the  discharge  to  be  363  second-feet,  gage  height  <  "- 
The  stream  was  frozen  from  bank  to  bank,  to  a  depth  of  6 14)  18  incb#. 


FL.I*.] 


RONDOUT   CREEK. 


Ill 


Mefin  flatly  gage  height,  in  feet ,  of  Catskill  Creek  at  South  Cairo,  N.  Y, 


r>ay. 


Jan. 


190e. 


i.40 

4.20 

4.06 

I  4.80 

'  3.70 

3.55 

I  3.40 

'  3.30 

;  3.80 

'  3.30 

3.20 

3.30 

3.20 

3.00 

2.90 

2.90 

8.10 

9.85 

5.90 

4.80 

4.40 

4.08 

3.86 

3.58 

3.70 

4.25 

4.30 


Feb. 


4.30 
5.  OR 
5.20 
4.45 
4.40 
4.40 
4.30 
4.25 
4.20 
4.25 
4.40 
4.50 
4.70 
4.96 
3.10 
3.20 
3.40 
3.60 
3.60 
3.80 
3.80 
3.80 
3.50 
3.20 
3.40 
3.60 
4.83 
9.16 


Mar. 


11.70 
9.68 
6.70 
6.80 
6.35 
5.40 
4.10 
4.10 
4.30 
5.20 
5.75 
9.10 
9.20 
7.50 
5.45 
7.40 
9.43 
6.85 
4  15 
4.50 
4.00 
4.55 
6.58 
5.48 
5.05 
4.93 
4.83 
5.08 
5.73 
5.96 
5.43 


Apr.  May.'jnne. 


5.85 
5.88 
4.95 
4.88 
4.90 
4.65 
4.40 
4.60 
11.65 
8.26 
6.96 
6.48 
5.50 
.4.96 
4.78 
4.58 
4.36 
4.25 
4.20 
4.20 
4.13 
4.10 
4.03 
3.96 
3.90 
3.80 
3.83 
3.73 
3.96 
4.10 


-c,      ' 


4.10 
3.95 
3.98 
3.88 
3.83 
3.78 
3.73 
3.70 
3.60 
3.50 
3.40 
3.30 
3.28 
3.213 
3.20 
3.05 
3.00 
2.96 
2.90 
2.96 
2.95 
2.83 
2.78 
2.90 
2.96 
2.«> 
3.10 
3.33 
8.25 
3.13 
8.00 


2.95 
2.88 
2.80 
2.83 

2.88 
2.88 

2.a5 

2.90 
2.80 
2.75 
2.70 
2.65 
2.78 
2.75 
2.70 
2.75 
2.90 
2.88 
2.78 
2.85 
2.80 
2.80 
2.80 
2.78 
2.70 
2.68 
2.65 
2.60 
2.80 
3.88 


3.48 
3.28 
3.13 
3.10 
3.08 
4.45 
4.20 
3.48 
3.80 
8.65 
8.60 
3.55 
2.96 
2.80 
2.80 
2.75 
2.70 
2.65 
2.70 
4.40 
7.26 
6.50 
6.53 
6.18 
j  7.08 
I . . . ... 

I  4.06 

'  4.20 

4.40 

I  4.38 

.1  4.26 

I 


4.60 
5.58 
4.38 
4.13 
3.85 
4.45 
4.20 
3.93 
3.80 
3.65 
3.55 
3.55 
3.45 
3.16 
3.20 
3.15 
3.06 
2.98 
I  3.05 
3.10 
3.03 
2.98 
2.98 
2.83 
2.76 
2.70 
2.70 
2.73 
2.85 
2.98 
3.08 


2.90 
2.83 
2.76 
2.73 
2.73 
2.70 
2.73 
2.78 

•  2.90 
3.68 
3.55 
3.28 
3.40 
3.58 
3.a5 
3.18 
3.05 
2.96 
2.98 
3.25 
3.48 
3.58 
3.18 
3.10 
3.26 
3.58 
4.35 

«4.70 
9.96 
7.20 


6.18 
5.63 
5.20 
4.80 
4.60 
4.63 
4.40 
4.23 
4.06 
3.90 
3.98 
5.08 
4.60 
4.26 
4.15 
4.25 
3.93 
8.88 
3.80 
3.83 
3.73 
3.73 
3.60 
3.63 
3.60 
3.50 
3.66 
6.90 
5.30 
4.70 
4.45 


4.30 
4.15 
4.06 
3.96 
3.90 
3.83 

3.n 

8.73 

3.66 

3.55 

3.6 

3.66 

8.63 

8.63 

3.5 

8.4 

3.4 

8.83 

3.3 

3.28 

3.30 

3.2 

3.2 

3.15 

3.2 

3.8 

3.86 

4.13 

3.8 

3.63 


JLieC. 


3.6 

3.68 

8.8 

4.18 

4.0 

4.0 

3. 96 

3.8 

3.7 

4.06 

4.4 

4.13 

4.0 

4.0 

8.96 

4.68 

6.85 

5.48 

6.0 

4.80 

6.65 

8.48 

6.7 

6.18 

4.86 

6.66 

4.86 

4.20 

4.13 

3.96 

3.86 


aGaere  heisrht  at  12  p.  ni.=:16.1  feet. 
RONDOUT   CREEK   AT  ROSENDALE,  N.  Y. 

This  station  was  established  at  the  highway  bridge  in  Rosendale, 
miles  above  the  junction  of  Rondout  Creek  and  Wallkill  River, 
uly  6,  1901.  The  station  is  described  and  results  of  gagings  for  1901 
re  «i:iven  in  Water-Supply  Paper  No.  65,  pages  66  to  68.  Gage  read- 
igs  taken  during  the  extreme  freshets  of  December  15,  1901,  and 
Iar(»h  1,  1902,  are  as  follows: 

rage  heights  of  Rondout  Creek  at  Rosendale^  N.  1'.,  during  freshets  of  December 

15,  1901,  and  March  i,  lOOJ. 


Date. 


A.  M. 


M. 


P.M. 


1901. 
December  15 » 

1902. 
tfarchl _. - 


15. 75 


17.4 


16. 


17.8 


17 
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The  following  table  gives  the  discharge  measurements  latdf  .: 
Rondout  Creek  at  Rosendale,  N.  Y.,  during  H>02: 

Discharge  measurenients  of  Rondout  Creek  at  Rosendale,  X  Y.  i 


Date. 


HydrocTTHpher.  h^^.    ^^'^^^ 


1902.  1  Ftti,     ,sr»*e- 

September 25 ...J  P.  M.  Chnrchill _.  6.31  K" 

July  15-   - I  H.  K.  Barrows _..    6.:«  1- 

JnlylS ! do _.  6.33  '/: 

Angii8t29- -do ._    .    6.$]  'X 

JuneC ,  W.  W.  Schlecht 6.S*  i  :«  ^ 

June20. ' do __. 6.42  > 

November  21 i  F.  H  Tillinghast ....  e.w  ^^ 

December2.   .     -  | do 6.7»)  ^> 

April  2« W.  W.  Schlecht 6.83 

May  12 do.. 6.85 

November4 F.  H.  Tillinghast 7.(W 

August  7... j  H.  K.  Barrows 7.39 

July  29 do _ 7.40 

W.  W.  Schlecht 8.07  V^^ 

do 17.60  \%.U 

do  _ _ '  11.78  5,«:- 

F.  H.  Tillinghast _ 12.80  T.^ 


>. 


J.' 


March  21 

March  1 

April  11 

December  17 


Additional  measurements  were  made  bv  W.  W.  Schlecht  while  tfc- 
river  was  frozen  over,  as  follows : 

February  18:  Gage  height,  7.70;  discharge,  342  second-feet.  The  riTT-t  ^ 
frozen  over  from  bank  to  bank  and  slush  had  collected  below  the  ice. 

February  26;  Gage  height,  8.13;  discharge,  543  second-feet.  Slnah  below-' 
ice  made  an  unsatisfactory  record. 

Febrtiary  26:  Gage  height,  8.43;  discharge.  684  second-feet.  Ice  covered  *- 
river  from  bank  to  bank  and  slush  had  collected  underneath. 
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Mean  daily  gage  height^  in  feet,  of  Rondout  Creek  at  Rosendale,  N.  Y. 


Day. 

Jan. 

Feb. 

8.98 
8.95 
9.75 
9.35 
9.70 
9.25 
9.00 
8.83 
8.58 
8.05 
8.18 
8.05 
7.98 
7.88 
7.80 
7.65 
7.63 
7.60 
7.36 
7.43 
7.43 
7.40 
7.43 
7.48 
7.55 
8.23 
10.68 
12.10 

Mar. 

17.20 
14.23 
12.53 
9.76 
8.70 
8.06 
7.95 
7.65 
'   9.40 
9.70 
9.30 
9.70 
11.05 
10.15 
9.15 
8.80 
13.10 
9.95 
8.66 
8.25 
8.08 
8.00 
7.88 
7.80 
7.63 
7.45 
7.38 
7.83 
9.&5 
9.53 
8.63 

Apr. 

8.18 
7.85 
7.68 
7.58 
7.36 
7.25 
7.80 
8.10 
12.28 
11.40 
9.75 
9.15 
8.63 
8.16 
7.86 
7.65 
7.50 
7.88 
7.26 
7.18 
7.10 
7.06 
7.00 
6:90 
6.88 
6.98 
6.95 
6.83 
6.78 
9.38 

May. 

Jane. 

July. 

Aug. 

Sept. 

6.25 
6.20 
6.13 
6.15 
6.10 
6.18 
6.20 
6.20 
6.23 
7.00 
6.58 
6.40 
6.45 
6.68 
6.48 
6.35 
6.25 
6.20 
6.18 
6.25 
6.50 
6.40 
6.23 
6.25 
6.45 
9.40 
9.75 
8.68 
M4.90 
10.78 

Oct. 

10.03 
9.28 

Nov. 

Dec. 

i9oe. 

8.73 
7.90 
7.90 
7.90 
7.90 
7.88 
7.58 
7.28 
7.13 
7.08 
7.10 
7.36 
6.95 
0.73 
6.83 
6.90 
6.78 
6.70 
6.78 
6.70 
6.73 
14.68 
9.83 
8.35 
7.85 
7.68 
8.95 
7.75 
8.00 
8.18 
8.00 

8.25 
7.70 

6.58 
6.48 

7.08 
6.90 
6.98 
7.70 
7.23 
7.13 
7.00 
6.86 
6.86 
6.68 
6.58 
6.53 
6.50 
6.45 
6.35 
6.40 
6.33 
6.30 
6.33 
7.53 
8.98 
9.18 
8.38 
09.94 
10.34 
8.95 
8.23 
7.80 
7.38 
7.80 
7.33 

7.70 
8.35 
7.60 
7.28 
7.08 
7.25 
7.33 
7.08 
6.93 
6.83 
6.80 
6.90 
6.80 
6.70 
6.55 
6.58 
6.60 
6.45 
6.40 
6.40 
6.38 
6.48 
6.40 
6.40 
6.33 
6.30 
6.28 
6.25 
6.3:^ 
6.30 
6.30 

7.25 
7.05 

6.73 
6.70 

7.70 
7.75 
7.60 
7.33 

6.55 
6.63 
6.48 
6.40 

8.4:3     7.08 
7.90  ^  7.00 
7.80  '  6.90 
8.78  [  6.87 
8.00  :  6.95 

6.90 

7.20 

6.88 

6.80 

7.28  '  6.48 
7.15     6.46 
7.03     6.48 
6.93     6.38 
6.88     6.30 
6.88     6.36 

6.95 

7.65 
7.38 
7.18 
6.95 
9.75 
8.65 
8.00 
7.57 

6.86 
6.80 
6.78 
6.73 
6.73 
6.73 
6.70 
6.70 

0.96 

6.88 



7.10 
7.08 
7.00 

6.83 
6.68 
6.63 
6.70 
6.60 
6.63 
6.60 
6.60 
6.58 

'6.35 
6.38 
6.35 
6.35 
6.50 
6.46 
6.30 
6.43 
6.43 

6.96 
7.15 

7.50 

7.^  ;  6.70 
7.23  ,  6.«) 

8.35 

12.96 

7.07 
7.07 
7.00 
6.95 
6.90 
6.80 
6.80 
6.80 
6.73 
6.63 

6.a5 
6.68 
6.65 
6.65 
6.66 
6.60 
6.60 
6.65 
6.70 
6.75 

10.00 
8.80 
8.30 

8.35 

6.50  1  7.10 

■6.48  1  6.70 

6.45  1  6.50 

13.45 

10.58 

0.66 

6.40 

6.40 

8.50 

6.80     6.43 
6.88  '  6.50 
7.20     6.43 

8.10 

8.87 

9.38     6.90 

7.46 

6.85 
6.60 
6.63 

6.45 
7.70 

8.60 
7.83 
7.46 

6.88 
6.80 

7.27 

7.20 
7.20 

a  Highest  water,  12.65.  at  7  p.  m. 


b  Highest  water,  15.6,  at  3  p.  m. 


DELAWARE   AND   HUDSON  CANAL   AT  OREEKLOCKS,  N.  Y. 

The  Delaware  and  Hudson  Canal  runs  parallel  to  Rondout  Creek 
roni  the  feeder  dam  below  High  Falls  to  tide  water  at  Eddy  ville.  The 
final  receives  its  entire  water  supply  from  Rondout  Creek.  The  see- 
on  from  High  Falls  to  Eddyville  is  the  only  portion  of  the  canal 
3inaining  in  operation  in  New  York  State.  At  Rosendale  the  canal 
nrries  a  portion  of  the  yield  of  Rondout  Creek  past  the  gaging  sta- 
on.  In  order  to  determine  the  run-off  from  Rondout  Creek  drainage 
asin,  gagings  of  the  flow  in  the  Delaware  and  Hudson  Canal  at  the 
)ot  of  the  Rosendale  level  have  been  undertaken.  The  diversion  to 
le  canal  added  to  the  measured  discharge  of  Rondout  gaging  station 
^presents  the  total  flow  from  the  drainage  basin.  The  gaging  station 
t  Creeklocks  is  described  in  Water-Supply  Paper  No.  05,  pages  C8  to 
0.  The  accompanying  table  shows  the  estimated  daily  and  mean 
lonthly  diversion  during  1902. 
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sot 


Estimated  rfitv*nrion,  in  second-feet,  from  Rondout  Creek  to  Delaware  amd  H^ . 

Canal,  Rosendale,  N.  V. 


D»y. 


1902. 


Mar.      Apr. 


2 
3 
4 


15.5 
17.7 
21.5 
22.0 
17.9 


May.     June. 


22.6  > 

15.0 

24.6 


8 


20.4 
20.2 


9 

18.4  1 

10 , 

14.8 

1 

n 

20.7 

« 1 

19.2 

18 '  '. 

14 '    ! 

25.4 
25.7 

1 

15 

16 1  ' 

24.2 
25.1 

17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
20 
30 
81 


26.1 
26.6 


15.8 
11.4 
12.3 
15.3 
16.9 
16.4 


25.9 
26.7 
24.1 
23.3 
23.4 
28.8 

27.1 


27.6 
28.1 
24.8 
24.3 
24.6 
24.5 

24.3 
24.1 
25.0 
24.1 
24.5 
22.8 

24.3 
24.6 
23.1 
23.6 
25.6 
24.3 

21.1 
28.0 
26.5 


25.2 
20.8 
11.6 
25.3 
19.5 
21.8 


July.  ,  Aug.       Sept.       CVrt. 


Not 


24.2 
23.8 
23.1 


23.8 
35.9 
24.9 
83.8 
27.5 
23.6 


24.1 

23.1 
28.7 
24.3 
25.3 
26.1 
21.8 


2S.3 
22.6 
24.3 


25.3 
25.3 
24.2 
26.0 
25.1 


0 
35.0 

33.8 
24.5 
23.5 
34.5 
23.8 
24.0 

24.0 
24.5 
24.6 
26.0 

34.8 
34.5 


£.6 

22.3 

Ti 

25.3  i 

214 

... ...- 

«  « 

2B.5 

26.1 

a.r« 

r 

21.  S 

25.8 

&4 

«•  • 

35.3 

2L» 

«• ' 

25.8 

2913 

.  1 

23.1- 

SI.2 

_. 

35l0 

23.4 

21^ 

_ .  — 

33.5 

31.9 

_ .  - 

34.3 

22.8 

2t? 

34.3 

22.1  1 

21.7 

35.1 

1 

. 

22-2  1 

\ 


23.8 

22.7 

23.9 

24.4 

33.8 

35.6 

22.1 

32.8 

20.1 

20.6 

22.6 

19.0 

22.8 

32.8  J 

19.8 

23.6 

25.6  1 

21.8 


Mean 


25.2  1 

26.3 

21.6 

25.8 

20.7 

26.7 

28.6 

1 

24.1 

26.4 

22.5 

24.0 

2a7 

23.8 

25.5 
34.3 
33.8 
35.1 
35.6 
34.3 

22.8 
23.2 
25.1 
23.5 
25.8 
23.0 

24.3 


38.5 

35.6 

35.8 

23.3  I 

34.8 

S.0 

34.3  , 
23.8  I 

34.0  , 

25.1  I 
22.8 

30.3 
23.1 


30.4 

3Ql6 

20.5 

19.5 

19.5  » 

19.7 

21.3 
33.5 
21.0 
21.2 
33.0 
30.4 


21-: 

2L^ 


SL6 
J4> 
21- 

212 


24.0 


S.8 

2t: 

33.8 

S4> 

21.3 

*».5 

23.0 

25.0 

9*  2 

1 


a  Close  of  navigation. 
RONDOUT  CREEK  AT  HONK  FALLS,  N.   Y. 

Tliis  gaging  station  is  described  in  Water-Supply  Paper  Na  • ' 
pages  69  to  70.  Automatic  recording  gages  have  been  erected  at  t 
dam  and  power  house.  The  gages  furnish  continuous  graphK 
charts,  showing  the  depth  wasted  over  the  dam  and  the  flovovKT- 
weir  situated  in  the  tailrace  of  the  power  house  of  the  Uonk  Fa-^ 
Light  and  Power  Company.     The  discharge  has  not  been  estimate! 

W^ALLKILL  RIVER  AT  NEWPALTZ,  N.  Y. 

Wallkill  River  rises  in  the  northern  highlands  of  New  Jersey.  T. 
greater  portion  of  its  course  lies  through  New  York  State,  and  it  .^ 
tributary  to  the  Hudson  River  through  Rondout  Creek,  The  ^'^"- 
station  at  Newpaltz,  which  w^as  established  July  7,  1901,  is  desiTil^^-- 
in  Water-Supply  Paper  No.  65,  pages  71  to  74.  The  drainage  l»*iE  > 
less  precipitous  than  that  of  other  streams  in  southeastern  New  Y«»ri 
Wallkill  River,   however,   closely  resembles    Catskill    and  Es^p-*" 
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3eks  in  the  torrential  character  of  its  run-off,  being  subject  to  sud- 
II  and  extreme  variations  in  flow.  The  maximum  gage  readings 
ve  been  as  follows : 

Maximum  gage  heights  of  Wallkill  River  at  Newpaltz. 


Date. 


A.  M. 


1901. 
cember  15 

<:einber  30 

icember  31  _ 

1902. 
irch  1  _  _ 

irch2 

Eirch3 - 

jcember  22 

jcember  23 


Feet. 

Feet. 

13.5 

13.1 

18.0 

20.5 

19.7 

18.7 

22.4 

24.65 

23.6 

24.0 

24.8 

24.5 

17.4 

20.6 

20.6 

18.7 

P.M. 


The  following  table  gives  a  list  of  the  discharge  measurements 
ade  on  the  Wallkill  River  at  Newpaltz,  N.  Y.,  during  1902: 

Discharge  measurements  of  Wallkill  River  at  Newpaltz,  N.  Y. 


ane  6 i do 


ovember  18 

[ay  13 

Qgnst  15 . . . 
ecember  2  . 

pril26 

ebruary  24 . 

uly29 

.pril21. 

'ebruary  10. 
Fovember  4 . 

*>ngust6 

layl 

k.pril9 

iarch  11 


F.  H.  TiUinghast 
W.  W.  Schlecht- 
H.  K.  Barrows  . . 
F.  H.  Tillinghast 
W.  W.  Schlecht . 

do 

H.  K.  Barrows  . . 
W.  W.  Schlecht . 

do 

F.  H.  TiUinghast 
H.  K.  Barrows  . . 
W.  W.  Schlecht . 

do  --.. 

do 


Discharge. 


Feet. 

Second-feet. 

5.70 

124.3 

5.86 

169.0 

5.96 

209.5 

6.18 

295.0 

6.33 

344.0 

6.40 

381.0 

6.62 

550.0 

6.68 

506.0 

6.72 

518.0 

6.80 

626.0 

6.92 

680.0 

7.33 

fl288.0 

7.49 

942.0 

7.57 

1,028.0 

7.78 

ft  597.0 

7.95 

1,165.0 

7.98 

1,150.0 

10.264 

•     2, 623. 0 

13.21 

5,354.0 

15.98 

7, 140. 0 

a  Measured  through  ice  1  foot  and  6  inches  to  2  feet  and  6  inches  in  thickness. 
b  Measured  through  ice  1  foot  to  2  feet  in  thickness. 
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sr-  t 


3fpan  daily  gage  height,  in  feet,  of  WaUkill  Rit^er  at  Xetrpaltz,  X  Y 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aii«- 

Sept. 

Ort. 

■ 

XfT     > 

190e. 

1 

' 

1 

15.15 

8.75 

23.53 

9.35 

10.25 

7.50 

7.25     9.50 

6.10 

10.  S 

«fi       '• 

2 

13.10 

8.75 

23.80 

8.96 

8.95 

7.25 

1     7.15 

9.10 

6.<A 

10  « 

«.5    «: 

8 

12.95 

10.65 

^124. 65 

8.65 

9.15 

7.06 

7.80 

8.75 

6.(« 

10.  li 

•  G     •■ 

4 

12.10 

9.70 

22.75 

8.20 

8.85 

6.90 

'     7.58  1  8.60 

5.t9^ 

9.6 

:.«    :i 

6 

10.45 

10.70 

10.20 

9. 71) 

9.15 

9.75 

20.25 

8.00 
9.70  ' 
7.70 
8.40  ' 
M3.65 

8.35 
7.96 
7.50 
7.45 
7.35 

6.55 
6.35 
6.30 
6.^ 
6.30 

7.08      8.30 
6.78      7.95 
6.53     7.8a 
6.35      7.65 
6.23  '  7.30 

5.78 
5.70 
5.60 

5.50 
5.50 

10.10 

9.  a 

:.s   M 

6 

8.90  '  15.20 
8.15  \  13.20 
7.85  ,  12.70 
7.78  1  14.96 

:.»    ^  - 

1 . 

T.»    »: 

8 

T.C     T" 

9 

l.t    :: 

10 

8.85 

7.70  1  16.45 

13.50  ' 

7.10 

6.50 

6.32      7.06 

6.10 

8.40 

t»      t: 

11 

8.75 
8.20 
8.05 
8.06 
8.00 
8.00 
7.70 
7.56 
7.50 
7.20 
7.20 

7.55 
7.55 
7.40 
7.35 
7.15 
7.10 
7.20 
7.15 
7.08 
7.00 
7.06 

15.90 
16.10 
17.06 
16.50 
15.00 
14.65 
15.40 
13.75 
11.75 
10.50 
10.30 

12.20  ' 
11.65 
10.65  ' 
9.80  ' 

9.35 

1 
8.65 

8.20 

8.00 

7.85, 

7.60 

7.46  1 

6.80 
6.65 
6.60 
6.55 
6.50 
6.45 
6.45 
6.30 
6.30 
6.30 
6.30 

6.35 
6.3[» 
6.20 
6.15 
6.10 
6.30 
6.25 
6.15 
6.13 
6.10 
6.13 

6.0O     6.90 
6.00  '  6.80 
5.90      6.75 
5,78      6.68 
5.70  ;  6.60 
5.70     6.53 
5.73  '  6.43 
5.58  1  6.38 
5.55      6.28 

6.43 
6.30 
6.35 
6.45 
6.S 
6.15 
6.(6 
5.95 
5.80 
5.90 
5.90 

12.43 
11.90 

mm 

9.70 
9.S 
9.00 
8.«) 
8.60 
8.15 
7.95 

«Lr»    :-5 

13 

«l7      > 

18 

&«     :: 

14 

14 

15 

41     -• 

16 

15       •• 

17 

13     li: 

18 

15     •.:? 

19 

t->     l: 

20 

6.10 

tLsn  . 

15     t 

21 

7.50     6.30 

14      C* 

22 

18.50 
17.65 
13.55 
13.15 
12.20 
12.85 

7.06 
7.10 
7.25 
7.30 
7.  tii 
11.40 

10.20 
9.75 
9.00 
9.45 
9.00 
8.50 

7.36  1 
7. 15  1 
7.10  ' 
6.95  1 
6.85  1 
7.00  1 

6.30     6.33 
6.25  !  6.40 
6.20  i  6.35 
6.20    6.20 
6.45  ;  6.20 
8.30    6.10 

8.65      6.10 
7.40  1  6.06 
el0.70     6.10  1 
rfl4.00  '  6.05 
9.10  1  6.00  , 
8.50     6.00 

5.90 
5.90 
5.90 
6.15 
9.65 
12.  a» 

7.65 
7.47 
7.37 
7.13 
6.95 
6.86 

H     &- 

23 

1®    11 '< 

24 

13    rs 

25 

IS     >«-* 

26 

la  :'* 

27 

135    U- 

28 

12.66 

12.75 

8.20 

6.45  1 

9.20 

6.25 

7.80  1  5.05  j 

11.90 

U.65 

1-5    H- 

29 

11.06 

10.20 

6.65  1 

8.40 

6.35 

7.45     8.25 

13.45 

11.  & 

7  1     r- 

30 

9.50 

11.06 

'II.  75  ' 

8.30 

7.00 

7.45     7.25 

10.35 

9.45 

195    111 

31 

9.25 
^hest  V 

....... 

9.90 

1 

1 

?)  p.  m. 
)p.  m. 

7.90 

d 

8.45 

1 

6.40    

:-  ^^ter  15.4  a 
bw&ter  16.61 

8.95 

It  8  p. 
kt9p. 

■ 

rater  34.80  at  ( 
rater  14.6  at  (? 

Higfaesi 
msrheet 

m. 

«Hii7he»t  water  12.6  at  p.  m. 
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FISHKILL  CREEK  AT  GLENHAM,  N.  Y. 

The  gaging  station  is  located  at  the  Newburg,  Dutchess  and  Con- 
^eticut  Railroad  bridge  in  Glenham.  It  was  established  July  8, 1901, 
id  is  described  in  Water-Supply  Paper  No.  65,  pages  74  to  76,  where 
seliarge  measurements  and  gage  heights  for  1901  may  be  found. 
The  following  table  gives  a  list  of  the  discharge  measurements  made 
I  the  Fishkill  Creek  at  Glenham,  N.  Y.,  during  1902: 

Discharge  measurements  of  Fishkill  Creek  at  Olenham,  N.  Y, 


Date. 


1902. 

.ugust  26  _  _ 

uly  14. 

LQ^nst  11 -- 

rovember  25 

October  11 _ 

nne  2  _ 

iay28   _. 

rune  17 -- 

"November  8 

\.prU2.'5 

Vlay  6 


Hydrographer. 


February  11 ' do 


H.  K.  Barrows. . . 

do 

do 

F.H.Tillinghast 
P.M.Churchill.. 
W.W.Schlecht  . 
H.K.  Barrows... 
W.W.Schlecht  . 
F.  H.  Tillinghast 
W.W.Schlecht  . 
do 


October  80 
A.pril  12... 
March  5 . . . 


C.C.  Covert.... 
W.  W.  Schlecht 
do 


Gase 
height. 


Feet. 
3.04 
3.18 
8.51 
3.65 
3.71 
3. 785 
3.90 
4.00 
4.00 
4.03 
4.46 
4.87 
4.97 
5.30 
5.79 


Dist'harge. 


Sec.  feet. 

48.5 
64.4 
115.0 
146.0 
155. 0 
132.3 
200.0 
212.5 
23S.0 

«152.4 
349.5 

6  202. 5 
697.7 
772.6 

1,129.0' 


a  Probftbly  incorrect. 

fr  Ice  along  bank8  at  gaging  station,  frozen  from  bank  to  bank  90  yards  below  station,  2  to  Vf 
nohes  thick. 
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5P 


2. 
8. 


6. 
6. 


8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


28. 
24. 
25. 
26. 

27. 
28. 
29. 
80. 
31. 


Mean  daUy  gage  height,  in  feet,  of  FHshlnil  Oreek  at  Olenham,  N.  F. 


Daj. 


1902. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne.Unly.  Au«r.  Sept.  Oct. 

5"T   Lm 

I 
1 

6.05 

500 

18.00 

4.90 

i  5.48 

1            1 
a83      3.70  .  a80     2.90 

4.S 

4#<    :• 

5.65 

4.75 

10.00 

4.78  ;  4.98 

aTO  '  3.53  '  aTD     2.80    4.» 

IS    .r 

5.iM) 

5.68 

8.78 

4.68     4.70 

aao    a4ft    aeo:  2.95  4.00 

4*     ■' 

5.80 

5.55 

6.70 

4.60     4.73 

aTO    a»    3.60   2.73  zfs 

ila     4  : 

5.18  1  5.58 

5.80 

4.58  1  4.63 

a70  j  aoo  ,  aso   2l9o  z.«a 

i<fi     .¥ 

4.95 

5.28 

4.95 

4.45     4.45 

1 

ass     3.70     a43     2.96    i.» 

un   :' 

4.80 

5.25 

5.05 

4.53     4.35 

3.50  '  3.70  ;  a48     2.90    4.» 

vt   :•■ 

4-70 

5.00 

5.15 

4.68  '  4.a0 

a85  !  ass    a40   2.95  Su« 

ill'    > 

4.65 

5.18 

5.90  '5.18;  4.20 

aas  1  3.45  1  a40   3.00.  ia 

IIE     •► 

4.63  :  5.0K 

7.75  1  5.65  .  4.10 

t 

a75    ass  '  aso   ass, apt 

If    1? 

4.60    4.75 

6.05    5.53  1  8.90 

aoo    a40    aso   a25  'a?» 

a»    - 

4.58 

4.80 

6.50     5.28  ;  ^96 

aso  1  3.30     a85  ia08    4.tt 

J*    i' 

4.75  1  4.60 

6.70  1  5.05  ,  3.96 

8.40    ass    a«6  i  aso  <  5l(b 

la^   41 

5.00  •  4.40 

6.63    4.90    a90 

a43     aso     3.48  '  a23    4.V 

3*    ♦ 

,  4.70  1  4.83 

5.96  '  4.80  1  8.90 

aso    a  13  ,  a40   aso  4.s 

1%    4. 

4.85  1  4.25 

5.65  \  4.70  1  3.90 

aso    3.13    a 35   ai5  4.20 

&4    44 

'  4.28     4.48 

6.73 

4.60   aso  j  &g5    a  lo  <  3.2r  {  ai5  4.« 

is*     •« 

4.25     4.88 

6.45 

4.58   a7o   aTo    aio  1  aao   ai8  4.<» 

1:     :•• 

4.25 

4. 88 

5.70 

4.50  '  a 75   aso    3.08  '  aao   aoo  4.01 

1:     «• 

4.18 

4.85 

5.20 

4.40  aao   3.53  '  8. ao    aiA   aQ5iaa5 

Iff    if 

4.18 

4.88 

5.30 

4.85,  a83i  aso     4.15     3.10 

ao3  a9o 

16     >> 

5.88 

4.85 

5.28 

4.80    a68  '  8.75  ,  4.7D     ai5    ai5,a» 

U      '■ 

6.55 

4.85 

5.13 

4.23    a68 

3.60    4.06  ;  3.10  <  am  &«) 

3.8         •' 

5.15  '  4.90 

5.00 

4.15 

aoo 

aso    4.10    a  10   a  13  a;o 

a«   •' 

4.75    4.70 

4.85 

4.05   aoo 

3.40     4.18      a  15 

a96  .a75 

ifi   ;•' 

4.68  '  4.85 

4.75 

4.05  1  4.90 

aso  '  4.10    ao5  ,  a48  an 

1*   •' 

5.00 

5.88 

4.70 

4.13  '  4.L5 

a40  1  4.QR 

aoo  '  aa);a:v 

IS    •• 

5.00 

7.10 

4.55 

4.08     4.58 

8.30  1  3.90 

3.00     a60    4.C5 

1*   '" 

4.95   

4.85 

4.00  1  4.23    a95     3.80 

2.95     4.80    5.4S 

afi    t- 

5.0B  ! 

5.40 

4.83  1  4.08    4.08     4.80 

2.96  1  4.75  ;  4.96 

a:    «« 

4.95  j 

5.05 

1  a90  ' att6 

'     i     1 

2.90  ' 4.» 

1 

•  • 

The  freshet  of   March  1,  1902,  exceeded  all   previons  high-»d 
records. 

Height  of  Fishkill  Creek  during  freshet  of  March  i,  190:^. 

7.45  a.  m 13.< 

11a.  m 14.5 

4.45p.in 114 


i 
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rhe  following  table  of  discharge  has  been  calculated  from  high- 
ter  marks  observed  for  a  number  of  years  at  the  Grove ville  dam. 
le  dam  is  of  masonry,  plank  faced,  has  a  straight  horizontal  crest  4 
?t  wide  and  134  feet  long.  The  discharge  has  been  calculated  by 
jaiis  of  coefficients  for  the  weir  formula  derived  from  Cornell 
poriment  No.  11 : 

Flood  di«charge  of  Fishkill  Creek  above  Oroveville  dam. 


Date. 


Year. 


ptember  24 1882 

arch22-.. ...J  1888 

»cember  18 1888 

Jinary  12 .  1891 

^nuary  18 1891 

innary  22 1891 

mnary  23 1891 


arch  10 . . 
arch  11.. 
arch  12-1 
larch  13  _. 
[arch  14_ , 
ebmary  7 
[arch  1 


1893 
1893 
1893 
1893 
1893 
1896 
1896 


Depth  on 
plank  crest. 


[arch  20 1896 

larch  1 '     1 902 


Feet. 
6.33 

5.0 

4.5 

6.33 

4.0 

4.0 

6.92 

5.0 

4. 25 

5. 5 

5.0 

4.0 

6.67 

4.5 

6.67 

9.5 


Dificbarge. 

Run-off 

per  Bouare 

mile. 

Second-feet. 

Secimd-feet. 

7,700 

38.5 

5, 200 

26.0 

4,400 

22.0 

7,700 

38.5 

3, 650 

18.25 

3, 650 

18.25 

8,800 

44.00 

5,200 

26.0 

4.000 

20.0 

!          6,100 

30. 5 

5, 200 

26.0 

3, 650 

18.25 

8,800 

41.5 

4,400 

22.0 

8,300 

41.5 

18,700 

68.5 

The  drainage  area  above  the  Groveville  dam  is  200  square  miles. 
Phe  intensity  of  the  freshet  of  March  1,  1902,  on  lower  Fishkill 
'reek  was  probably  increased  by  the  formation  and  later  tearing 
Lway  of  an  ice  blockade  on  the  flood  plain  opposite  Fishkill  village. 

A  measurement  of  the  low- water  flow  of  Clove  Creek,  the  largest 
ributary  of  Fishkill  Creek,  entering  near  Fishkill  village,  was  made 
lear  the  mouth  of  the  stream  September  24,  1002.  The  discharge 
ivas  3.5  second-feet  from  a  di'ainage  area  of  20  square  miles,  or  0.18 
iecond-foot  per  square  mile. 
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TENMILE   RIVER  NEAR  I>OVER    PLAINS,  N.  Y. 

The  gaging  Htation  is  located  at  Tal>or's  bridge,  2  miles  l)elo*  D«.w 
Plains  village.  It  was  established  September  16,  lf*01,and  LsdescriV, 
in  Water-Supply  Paper  No.  Go,  pages  85  to  87,  where  the  resulb  3* 
discharge  measurements  and  daily  gH^e  heights  for  1901  are  sri^'^i 
The  stream  is  tributary  to  Ilousatonic  River  near  Gaylonk\iLk 
Conn. 

The  following  table  gives  a  list  of  the  dischargee  nieasuremenn dutV 
on  the  Ten  mile  River  at  Dover  Plains,  X.  V.,  during  HK>f: 

Discharge  medHurements  of  Tenviile  Hirer  at  Lkpver  Plains,  X  Y. 


Date. 


Hydroin^pta  er . 


1903.  1 

September  2 i  H.  K.  Barrows  . 

August  19 I do 

June  10 W.  W.  Schlecht_ 

1 

February  18  _ ' do 

August  4 _ I  H.  K.  Barrows  .  _ 

November  28 [  F.  H.  Tillinghast 

November  14 do 


W.  W.  Schlecht 
do 


May  15. 

June  30 

May  28 i do 

October  2 P.  M.  Churchill  . 

April  15 .  _ ;W.  W.  Schlecht . 

April  7 _ do 

May  2 ; do 

July  21 '  H.  K.  Barrows  . . 

December  19 ,  F.  H.  Tillinghast 

MarchS.. W.  W.  Schlecht. 


h^i^l     ^-^-^ 


Feet. 

4.3fi 
4.45 
4.67 
4.69 
4.80 

4.»: 

4.85!l 
4.92 
5.50 
5.80 
6.13 
6.18 
6.46 
7.18 
8.28 
10,41 


R  « 


-.1 


ji ' 


•OH 


e 


fA- 


r:i. 


$*  •' 


a  River  nearly  covered  with  ice  frum  bank  to  bank  and  1^  to  2^  inches  thick. 
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Mean  daily  gage  height^  in  feet,  of  Tenmile  River  at  Dover  Plains,  N.  Y. 


r>»y.                  Jan. 

Feb 

Mar. 

Apr. 

May. 

Jnne. 

Jnly.  Aug. 

Sept. 

Oet. 

Nov. 

Dec. 

1902. 

K    .    _ 

7.70 

5.40 

14.15 

6.60 

6.96 

4.55     4.46     5.10 

1 

3.90 

5.78 

5.75 

4.46 

. 

7.00 

6.10 

14.10 

6.45 

6.96 

4.50     4.26     4.88 

3.83 

5.86 

5.50 

4.48 

_ 

8.95 

6.»5 

« 11.43 

8.25 

6.50 

4.40  1  4.36  .  4.65 

3.80 

5.43 

6.43 

4.8 

6.10  1  6.08 

8.86 

5.98 

6.20 

4.56 

5.6:)  ;  4.83 

5.90 

6.10 

6.33 

4.90 

6.08 

5.50 
6.35 

6.96 
5.90 

5.80 
6.90 

8.05  '  4.48 

4.38  :  4.63 
4.60     4.43 

3.83 
3.80 

5.30 
5.&5 

5.30 
5.25 

4.78 

6.15 

5.90 

4.36 

4.78 

. 

6.10 

6.10 

6.26 

6.13 

5.75 

4.25 

4.63 

4.66    3.85 

5.38 

5.10 

4.8 

5.80 

5.10 

6.25 

8.90 

10.60 

6.40 
6.80 
7.80 

5.55     4.48 
6.36     4.65 

4.33 

4.38 
4.23 

4.80 
4.45 
4.43 

3.88 
3.96 
4.23 

5.13 
4.90 
4.83 

5.08 

5.0 

4.98 

4.86 

;  6.66 

4.96 
4.90 

6.13 

5.55 

6.23 

4.48 

5.08 

5.80 

5.10 

9.15 

7.10 

4.95 

4.30 

4.20 

5.88 

3.95 

5.00 

4.83 

4.86 

1  5.55 

6.10 

8.70 

6.60 

4.85 

4.20 

4.10 

6.08 

3.90 

6.10 

4.78 

4.8 

5.38 

4.80 
6.75 
6.25 

9.10 
8.40 
7.70 

6.  a) 

6.15 

4.85 
4.80 

4.75 
4.70 
4.35 

4.16 
3.90 
3.88 

4.95 

4.78 
4.88 

4.10 
4.23 
4.13 

8.83 
5.87 
5.83 

i.Sii 

4.8 

4.83 

4.8 

5.25 

4.98 

5.J5 

8.10  I  4.80 

6.08 

4.08 

5.15 
5.06 
5.05 
5.00 
4.85 
4.75 

7.30 
8.15 
7.80 
6.55 
8.13 

5.90     4.76 
5.88     4.86 

4.45 
4.66 

4.30 
4.18 
3.88 
4.  OB 
4.85 
8.98 

4.28 
4.18 
4.16 
4.15 
4.18 
4.25 

4.03 
a88 
3.88 
4.08 
4.28 
4.33 

5.43 
6.26 
5.15 
5.27 
5.20 
4.90 

4.73 
4.85 

4.6 

4.53 

4.56 

6.15 

4.66 

10.47 

!  5.06 

5.88 
5.68 
5.45 

4.60  ,  4.45 
4.65  !  4.28 
4.68     4.15 
4.58  '  4.40 

9.13 

» 

5.10 

8.28 

1 

5.06 

7.7 

5.05 

8.10  .  5.35 

7.74 

¥ 

.   .      11.  «5 

4.68 
4.40 

8.16  1  5.28 
6.20  1  5.13 

4.50     4.80 
4.40     4.38 

7.15 
6.35 

4.23 

4.1R 

4.80 
4.75 

4.58 
4.66 

11.6 

L... 

8.10 

4.10  :  4.15 

10.86 

l...- 

6.35 

4.50 

6.25     5.03 

4.30 

4.33 

5.76     4.08  '  4.08 

4.73 

4.58 

8.58 

> 

5.H0     4.86 

6.06  1  4.96     4.30 

4.15 

5.88  :  4.08     4.05 

4.85 

4.58 

7.95 

i 

5. 70 

5.83 

8.45 
9.73 

6.90    i.tt;    5  06 

4.10 
4.05 
4.06 

5.60     3  08     AllK 

4.56 
4.60 
7.06 

4.7 
4.98 

4.78 

7  48 

1 . 

7.80 

5.86 
7.43 

6.31)  !  6.30 
6.25     6.50 

5.80 
6.40 

8.9B    4.66 
a  86     6.50 

7.06 

rt.... 

7.45 

6.83 

»-... 

6.56   

7.80 

5.30 

5.18 

4.10 

5.25 

3.83     7.76 

7.10 

4.66 

8.60 

1) 

6.25 

7.30 

7.00 

4.80 

4.70 

5.65 

3.80    5.98 

6.37 

4.53 

6.56 

1,... 

5.50 

1 

8.90 

4.70 

5.25 

•3.85    

6.00 

6.65 

«  Readings  on  new  gage.    From  this  date  datnm  0.33  above  former  gage-zero. 
HOUSATONIC  RIVER  AT  GAYLORDSVILLE,  CONN. 

This  gaging  station  was  established  October  24,  1900,  and  is  situ- 
a^ted  on  the  Housatonio  about  2  miles  below  the  point  of  inflow  of 
Tenmile  River.  Discharge  measurements  are  made  from  a  cableway 
of  200  feet  span  placed  across  the  stream  1^  miles  below  the  gage. 
The  station  is  described  and  the  results  of  gagings  for  preceding  years 
are  given  in  Water-Supply  Paper  No.  65,  pages  87  to  90. 

The  following  is  a  list  of  the  discharge  measurements  made  on  the 
ilousatonic  River  at  Gaylordsville,  Conn.,  during  1902. 
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Discharge  measuremefUs  of  Houaatonic  River  at  GaylordguiHe,  C«m 


(ST.* 


Date. 


1903. 

Septembers 

September  19 

AngUBt  20 

Angnst  5 

July  11 

November  29 

June  28 

November  15 

Octobers 


Hydrographer. 


H.  K.  Barrows 

Barrow  &  Churchill 

H.  K.  Barrows 

do 

do 

F.  H.  Tillinghast 

W.W.Schlecht 

F.  H.  Tillinghast 

P.  M.  Churchill 


May  3 - W.W.Schlecht 


December  20 

July  22 

March  18...- 
March  4 


F.  H.  Tillinghast 
H.K.  Barrows. .. 
W.W.Schlecht 
do  --. - 


6a«e 
be^t. 

D»^s?? 

Ftti. 

»ces<2/-! 

3.45 

54-: 

3.75 

S4J. 

3.95  : 

\* 

4.28 

iK 

4.30 

i.:> 

4.40 

l.r'i 

4.46 

i.>t< 

4.50 

1..:-'* 

5.35 

1I-." 

6.10 

liT' 

6.&5 

X^ 

6.6S 

W\i 

7.63 

!>.  '^^ 

9.9 

1 

Mean  daily  gage  height,  in  feet,  of  Houaatonic  River  at  GaylordgrUU,  Cm^. 


Day. 


i9oe. 


8. 
4. 


8. 

9. 
10. 
11. 
12. 
13. 
U. 
15. 
1ft. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 


Jan. 

P6b. 

Mar. 

Apr. 

7.10 

4.90 

14.30 

6.80 

ft.fiO 

4.90 

10.80 

6.60 

5.90 

5.40 

9.90 

6.80 

5.30 

4.90 

10.20 

5.80 

5.20 

4.80 

7.80 

5.80 

5.30 

4.60 

6.80 

5.50 

5.30 

4.60 

6.60 

5.60 

5.20 

4.40 

6.80 

5.70 

5.30 

8.60 

6.80 

6.10 

5.10 

6.80 

7.60 

6.80 

5.00 

7.00 

7.20 

6.90 

4.90 

8.00 

7.70 

6.80 

4.70 

8.80 

7.80 

6.80 

4.80 

8.30 

8.00 

6.70 

4.60 

8.00 

7.90 

6.20 

4.60 

7.10 

7.70 

5.90 

4.80 

6.80 

7.90 

5.80 

4.20 

7.00 

7.60 

5.60 

4.40 

7.50 

7.30 

5.60 

4.20 

7.30 

7.00 

5.50 

4.50 

7.20 

6.60 

5.20 

8.60 

7.20 

6.60 

5.20 

6.80 

6.80 

6.10 

5.10 

6.30 

6.50 

6.90 

5.10 

5.80 

6.80 

6.00 

5.00 

5.60 

7.00 

6.00 

4.90 

6.90 

10.60 

5.90 

5.00 

5.70 

9.00 

5.90 

6.10 

6.30 

6.70 

5.10 

4.90 

6.70 

6.20 

4.90 

6.70 

May. 

6.80 
6.30 
6.10 
5.90 
5.60 
5.60 
5.50 
5.30 
5.20 
4.90 
5.00 
4.90 
4.  CO 
4.80 
4.70 
4.60 
4.60 
4.50 
4.40 
4.30 
4.60 
4.40 
4.30 
4.10 
4.20 
4.50 
4.60 
5.30 
5.30 
5.00 
4.70 


Jnne.Uiily. 


4.70 
4.40 
4.40 
4.60 
4.90 
4.80 
4.60 
4.60 
4.40 
4.60 
4.60 
4.50 
4.40 
4.70 
4.60 
4.30 
4.60 
4.40 
4.40 
4.40 
4.80 
4.70 
4.50 
4.30 
4.30 
4.80 
4.20 
4.20 
4.10 
4.30 


Aug.  'Sept.  I  Ort.  ,  Sot    I*- 


4.80 

4.60 

4.40 

4.70 

4.50 

4.60 

4.80 

5.00 

4.7« 

4.60 

4.40 

4.30 

4.20 

4.00 

a90 

4.10 

4.20 

3.90 

3.80 

4.65 

6.00 

6.60 

6.Q0 

6.70 

5.60 

5.30 

4.95 

4.85 

5.65 

5.45 

5.40 


4.80 
4.6S 
4.66 
4.45 
4.30 
4.40 

4.ao 

4.56 

4.S5 

4.4S 

4.50 

5.15 

5.00 

4.7« 

4.50 

4.35 

4.20 

4.00 

3.80 

4.06 

a  96 

4.05 

4.10 

4.10 

3.95 

8.95 
a  95 
3.90 
3.90 
8.70 


aao 

3.55 

a  50 
I  aeo 

3.65 

<  as5 

;  3.66 

I  3.50 

'  a55 

i  4.00 
,  4.00 

aso 
!  a85 

4.10 
4.00 
3.60 
3.7© 
a75 
3.80 
a86 
4.06 
3.75 

aeo 
a  TO 

3.65 

a85 

4.20 
4.60 
6.30 
6.00 


5.50  1 

&.5D 

5.25 

5.U 

5. 00 

5.15 

6. 00 

4.85 

4..0 

4.55 

4.40 

5.30 

5.3) 

5.10 

5.00 

4.80 

4.73 

4.60 

4.55 

4.25 

4.30 

4.45 

4.40 

4.45 

4.45 

4.40 

4.30 

ass 

&55 

a») 

6.80 


5.5f« 
5.3B 

4.« 

4.:3 

4.6 

4.6' 

4.5 

4.3 

4.3 

4.13 

4.4 

4.5 

4.1 

4.4 

4.S 

4.25 

13 

4.5 

4.3 

4.2 

4.2 

4.  a 

4.1a 

4.S 

46 

4.3 

4.4 

4.S 


«4 
4- 

t< 

*;•■ 

i: 

J' 

L 

4.! 

4i 

li* 

I» 

:.i 

i  « 


&tr 


5' 
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PASSAIC  RIVER  DRAINAGE  BASIN. 

Passaic  River  has  its  rise  in  Somerset  and  Morris  counties,  N.  J. 
>ove  its  confluence  with  Pompton  River,  its  main  tributary,  it 
^anders  through  a  flat  country  of  Triassic  red  sandstones,  to  which 

large  measure  must  be  attributed  the  turbidity  of  its  waters.  In 
ntrast  with  the  sluggish,  muddy  character  of  the  Passaic,  the 
impton  is  a  rapid  stream  and  its  waters  are  clear.     It  drains  parts 

Sussex,  Passaic,  and  Morris  counties,  and  traverses  for  a  large  part 

its  course  a  country  of  hard  crystalline  rocks  and  heavy  forests, 
e  general  level  of  which  is  several  hundred  feet  above  that  of  the 
issaic.  At  their  confluence  the  Pompton  enters  with  a  current 
dich  carries  it  well  toward  the  right  bank  of  the  Passaic,  and  at 
tnes  of  flood  causes  much  backwater  in  the  latter. 
The  flow  of  Passaic  River  is  of  special  interest  from  the  fact  that 
>veral  large  cities  in  its  drainage  basin  take  their  public  water  sup- 
ly  from  it,  and  because  of  the  valuable  water-power  privileges  along 
s  course,  particularly  at  the  city  of  Paterson.  Several  cities,  includ- 
ig  Paterson  and  Passaic,  throw  their  sewage  into  this  stream,  and  in 
le  lower  part  of  its  course  it  becomes  so  polluted  as  to  be  offensive 
)  property  holders  along  its  banks  and  to  seriously  interfere  with 
le  comfort  and  pleasure  of  the  inhabitants  of  several  towns. 

Measurements  of  the  flow  over  the  dam  at  Paterson  have  been  made 
t)r  several  years,  but  the  data  are  not  available  for  publication. 

The  United  States  Geological  Survey  has  a  gaging  station  on  the 
'assaic  River  at  Two  Bridges,  New  Jersey,  and  also  on  the  Pompton 
liver  at  the  same  place.  These  stations  are  under  the  supervision 
►f  Geoi^e  B.  HoUister.  . 

The  highest  recorded  flood  occurring  on  these  watersheds  is  that 
>f  Februarj'  and  March,  1902,  the  estimated  discharge  at  Dundee 
lam  being  24,800  second-feet.  The  next  highest  occurred  on  Septem- 
)er  22  to  30,  1882,  when  the  estimated  discharge  was  18,265  second- 
eet.     These  floods  will  be  fully  described  in  a  forthcoming  paper. 

POMPFON  RTVER  AT  TWO  BRIDGES,  NEW  JERSEY. 

A  Station  was  established  May  2,  1901,  by  George  B.  Hollister,  on 
Pompton  River  just  above  its  junction  with  Passaic  River,  a  point  2 
miles  south  of  the  railway  station  at  Mountain  View,  N.  J.,  and  2^ 
miles  west  of  Littlefalls,  N.  J.  Measurements  are  made  from  a 
wagon  bridge.  The  gage  is  a  vertical  pine  board,  marked  in  feet  and 
tenths,  spiked  to  the  middle  masonry  pier  on  the  downstream  side. 
The  bench  mark  is  the  top  of  the  capstone  of  the  same  pier,  and  its 
elevation  is  10.7  feet  above  the  datum  of  the  gage.  The  channel, 
which  is  gravelly,  is  straight  for  some  distance  above  and  below  the 
bridge,  the  banks  on  both  sides  being  about  8  feet  high  and  subject 
to  overflow  at  times  of  freshets  only. 
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The  flood  of  February-March,  1902,  is  considered  the  higbtTs;  k' 
has  been  recorded. 

The  following  discharge  measurements  were  made  during  V.*^^.  V 
George  B.  IloUister: 

January  17:  Gage  height,  1.55  feet;  discharge,  475  second-feet 
March  1:  Gage  height,  11.70  feet;  discharge,  8,023  second-feet 
May  30:  Gage  height,  2.10  feet;  discharge,  556  second-feet. 
June  18:  Gage  height,  1.80  feet;  discharge,  189  second-feet. 
Septemher  11:  Gage  height,  1.50  feet:  dischargre,  170  second-feet 

Daily  gage  Jieight,  in  feet,  of  Pompton  River  at  Tttyj  Bridget,  Seer  Jemf 


Day. 

1 

Jan. . 

1 

Feb. 

Mar. 

1 
Apr.; 

May. 

Jane. 

■ 

1  July. 

1 

Aug. 

Sept.  Oct.  X'.'V   I'-. 

1W2. 

I 

1 

1 

8.36 

3.00 

10.40     4.36  ,  3.30 

2.15  '  S.SD 

2.7o     1.33    4.»   iT*      ? 

2 

7.66 

3.50 

14.40 

4.16     3.06 

1.75     2.25 

2.65     1.20    L%   IT'      ' 

8 

6.46 

8.70 

14.00 

3.40  1  2.80 

1.30     2.00 

2.65  I  1.10    4.n)    t> 

4 

6.26 

3.50 

10.80 

3.25     2.96 

1.30     2.10 

2,30     1.10    4  45    t«    :* 

6 

6.15 

3.40 

9.75 

3.15  >  2.65 

1.20     2.00 

2.10  !  1.10    4.45    15     '-' 

6 

4.00 

330 

8.40 

8.00    2.40 

1.20     1.85 

2.00     1-10    4.75   15     : 

7 

3.80 

2.60 

7.15     3.15     2.15 

1.10      1.05 

1.85     1.00    4.30    t5     1 

8 

2.95 

2.10 

6.15     3.66     2.00 

1.10     1.45 

1.70  ,  1.10    4.25    13      i* 

9 

2.56 

1.90 

6.55    6.80  '  2.00 

1.10     1.40 

1.60     1.10    3^S5    1'6     ■' 

10 

2.35 

1.70 

7.36  j  6.60  1  1.85 

l.a)  ,  1.40 

1.50  ,  1.20    3.*    11*'     •- 

11 1 

2.25 

1  50 

7.70 

6.60     1.50 

1.00     1.35 

2.55    1.2s  aao  1*   - 

12 1 

2.36 

1.50 

7.45 

6.15 

1.80 

1.00     1.30 

1  2-96  '  1.31}    4.tt    l.S     • 

13 

2.30 

1.40 

7.30 

5.80 

1  30 

1.05    i.ao 

aeO     1.40    5,06    145     :» 

14 1 

2.20 

1.40 

7.50 

4.65 

1.80 

1.26  '  1.20 

'  3.50  '  1.50    4.!5    i:fi       • 

16 

2.05 

1  80 

7.15 

4.06 

1.20 

1.30  '  l.SO 

3.50  1  1.90    4.65    1 »     L- 

16 

1.50 

1.20 

7.00 

3.60 

1.30 

1.30    i.ao 

3.26  '  1.4D    4.15    1*     -* 

17 

1.00 

1.20 

5.90 

3.40 

1.20 

1.30  ,  1.10 

ao6  . 1.15  a€B  1*  '•■ 

18 

1.50 

1.20 

6.60 

3.10 

1.15 

1.30     1.20 

2.70  1  1.10 '3.(»    13'     *' 

19 

1.45 

1.10 

5.56 

2.60 

1.10 

1.25    i.ao 

2.55     1.10    aOf»    li       - 

20 

1.30 

1.90 

4.65 

2.50 

1.20 

1.25  '  1.30 

2.65     1.10    2.86    1*     *' 

21 

1.80 

1.30 

4.35 

2.50 

1.20 

1.35  1  I.. 35 

2.45  1  1.10    180    l.i'     '* 

22 

5.75 

1.50 

4.10 

2.40 

1.20 

1.70  i  1.50 

2.25     1.10    2.«5    IJ"    '" 

28 

7.75 
6.85 
5.45 
4.35 
4.30 
4.05 
8.45 
3.15 
8.20 

1.70 
1.85 
2.46 
4.30 
7.20 
8.60 

3.75 
3.40 
3.15 
3.85 
2.60 
2.45 
3.30 
4.55 
4.45 

2.40 
2.80 
2.20 
1.80 
1.66 
1.00 
2.40 
8.00 

1.10 
1.10 
1.20 
1.75 
2.15 
2.75 
2.80 
2.45 
2.25 

1.65 
1.50 
1..W 
1.50 
1.66 
1.55 
1.35 
2.45 

1.45 
1.40 
1.75 
2.15 
2.20 
2.20 
2.16 
2.7X) 
2.80 

2.15     1.00    2.40    U»    ■* 

24 

1.90     1.10    2.06    I'JO    '» 

26 

l.eO     1.25    1-85    L9'      - 

26 

1.45  '«  Tn    1  75    11     *' 

27 

1.20 
1,35 
1.40 
1.30 
1.30 

aSO    1.65    l.t'i    ' 

28 

a96    2.40    15"     '* 

29 

4  eO    2L8S    !*■     '  • 

80 

4  55    aoo  \.^    ' ' 

31 

aao ' 

ltrKL.Li.] 
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^stinutted  itionthly  discharge  of  Pompton  River  at  Tivo  Bridges,  New  Jersey, 

[Drainage  area,  9B0  Rquare  milee.] 


Month. 


Discharge  in  second-feet. 


Maximum.    Minimum. 


^. 


ean. 


1902. 


nxiary  _. 
»bniary  . 
arch  .  _ . . 

pril 

ay 

ine 

iiy 

tig^st   .  - 
^ptember 
rtober  .  _ . 
oveuiber . 
•eceinber  . 


5, 415 
5,598 
«11,600 
4,138 
1,729 
1,109 
1,400 
1,948 
2,678 
3,006 
1,327 
6,291 


Theyear._ ■  all, 600 


300 
221 
1,109 
505 
221 
195 
221 
255 
195 
540 
195 
255 


2,080 

1,180 
0  4,050 

1,867 
703 
376 
583 
969 
569 

1,927  , 

r 

575  I 
2,795 


Run-off. 


Second-feet 

per  square 

mile. 


Depth  in 
inches. 


5.76 
3.28 
«11.25 
5.19 
1.95 
1.04  I 
1.62 
2.69 
1.58 
5.35 
1.60 
7.76 


4.09 


6.66 
3.42 
a  12. 97 
5.79 
2.25 
1.16 
1.87 
3.10 
1.76 
6.17 
1.79 
8.95 

55. 89 


a  Estimated. 
PASSAIC   RIVER  AT  TWO   BRIDGES,  NEW  JERSEY. 

This  stAtioii  was  established  May  2,  1901,  by  George  B.  HoUister, 
list  above  the  confluence  with  Pompton  River.  Discharge  measure- 
iients  are  made  from  a  wagon  bridge.  The  gage  consists  of  a  verti- 
al  pine  board,  marked  in  feet  and  tenths,  spiked  to  the  protecting 
inibcr  on  the  upstream  side  of  the  first  pier  from  the  left  bank.  The 
)ench  mark  is  the  top  of  the  capstone  of  this  pier,  and  its  elevation 
a  13.G5  feet  above  the  datum  of  the  gage.  The  channel  is  straight 
'or  some  distance  above  and  below  the  bridge.  The  bottom  is  grav- 
elly. The  right  bank  is  about  10  feet  high,  while  the  left  l)ank  is 
c)W(»r  and  liable  to  overflow. 

The  flood  of  February-March,  1902,  is  considered  the  highest  that 
has  been  recorded. 

The  following  discharge  measurements  were  made  during  1902  by 
(icorge  B.  IloUister: 

January  17:  Gage  height,  2.30  feet;  discharge,  398  second-feet. 
March  1:  Gage  height,  13  feet;  discharge,  8,096  second-feet. 
May  20:  Gage  height,  3  feet;  discharge,  622  second-feet. 
June  18:  Gage  height,  2.30  feet;  discharge,  328  second-feet. 
September  11:  Gage  height,  2.30  feet;  discharge,  354  second-feet. 
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Daily  gaffe  height,  infect,  of  Pasmiic  River  at  Two  Bridget,  SfvJmff. 

Jan. 


Day. 


10Q2. 


8. 


6. 

ft 
t . 

8- 

9. 

10. 

11. 

IB- 
IS. 

14. 

15. 

16. 

17. 

18. 

19. 

m. 

21. 
82. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
31. 


9.60 
8.25 
7.46 
7.40 
7.06 
6.90 
4.50 
8.90 
3.60 
8.20 
3.00 
3.40 
3.25 
a  10 
2.80 
2.  SO 
2.50 
2.50 
2.45 
2.40 
2.00 
5.66 
8.80 
7.95 
6.80 
5.80 
5.70 
5.45 
4.75 
4.40 
3.80 


Feb. 


8.70 
4.86 
4.50 
4.80 
4.15 
4.00 

aso 

a  60 

a4o 
a  20 
a20 

2.90 

2.60 

2.80 

2.10 

2.10 

2.10 

2.10 

2.20 

180 

2.45 

2.65 

2.70  ^ 

a40  I 

a9o  I 

5.45 

a  16 

9.60 


Mar. 


Apr.  'May. 


June.  Jnly.  Aug.  Sept.  Oct  !ic>7   Im 


11.66 

ia60 

12.80 
11.80 
10.76 
9.40 
8.16 
7.20 
7.50 
a  36 

a  70 
a  46 
a80 
a  50 
a  15 
a  00 
a  90 

7.55 

a  75 

6.66 
5.85  I 

aio  I 

4.75 
4.40 
4.16 
a75 

a  60 
a36 

4.26 
6.55 
5.85 


5.25 

ai5 

4.66 
4.40 
4.15 
4.00 
4.16 
4.60 
a  25 
7.65 
7.65 
7.15 
6.70 
5.55 
5.10 
4.00 
4.40 
4.10 
a40 
a  50 

aso 
a  40 
a  40 
aao 
asD 

2.80 
2.66 
2.65 

aao 
a9o 


4.40 
4.10 

aso 

8.96 

a65 
a  40 
a  15 
aoo 
aoo 

2.85 
2.50 
2.80 
2.80 
2.80 
2.80 

aso 

a2o 

2.15 
2.10 
2.20 
2.80 

aao 

2.10 

aio 
a25 

2.60 
I  2.95 

'  ad6 
a66 
a46 
a  25 


a  10 

2.70 
2.40 
2.30 
2.20 
2.15 
a  10 
2.10 

a  10 

S.00 

aoo 

2.00 

a2o 

2.80 
2.80 
2.20 

aao 

2.90 
2.25 
2.25 
2.40 
2.80 
2.75 

aoo 
aao 
aso 
a  65 
a56 
a40 
aao 


a.  30 
a25 

3.00 
&10 

aoo 

S.85 
2.65 
2.65 
2.40 
2.40 
a35 
2.80 
2.20 
2.20 
2.20 
2.20 
2.10 
2.20 
2. 25 
2.30 
2.35 
2.50 
2.45 
2.40 
2.75 
8.15 
a20 
3.20 

ai5 
aTo 
a85 


a75 
a95 
a55 
aao 
aio 
aoo 
a85 
aTo 
a«o 
a45 
aso 
I  a95 

'  4.60 
4.50 
4.60 
4.26 
4.06 
a70  ' 
3.55 

aao  I 
ass 

3.20 

aQ5 
a9o 

2.60 
2.95 

a2o 

2.35 

a40 

2.30 
2.30 


2.30 
2.20 
2.15 

aoo 

2.00 

aoo 

2.00 

a  10 
a  10 

2.20 

aao 
aio 
aso 
aso 
a40 
a  15 
aio 
aio 
aio 
aio 
aio 
aoo 
aio 
a26 
a86 
aao 

4.55 
5.60 
5.56 


&.»  '  in 

5.S  ITo 

5.?0  1.6 

aSa  3.S 

Sl45  as 

5.90  3.S 

4.K  iCB 


It 

*  ■ 


4.60 

4.  an 

.5.55  i» 

laffi  143 

5.9  IS 

5.S  lai 

5.15  t» 

5.6B  If' 

'4.4Diia» 

4.00  IS 

a«6  !» 

a»  i3n 

a«'iii" 


|aQ5 
a» 


aes'tft 

a4D  tse ' 
aeo  i«' 
4.00  ta« 
aw 


;5 


Ji- 
ll 

I  * 

r: 
.■• 

•  z 

»lr. 
I'  » 
VI 
»v 

:? 


Estimated  monthly  discharge  of  Pasaaie  River  at  7\vo  Bridges,  New  Jerttf. 

[Drainaffe  area,  800  sqnare  miles.] 


Discharge  in  aecond-f  eet. 


I 


Bnn-olf- 


Month. 


1902. 
January.  _ 

February 

March 

April 

May 

June 

July - . 

August -- 

September 

October 

November 

December 

The  year . 


Maximom. 


3,832 
4,011 
«11,600 
3,016 
1,375 
839 
1,103 
1,475 
1,975 
2,200 
1,055 
4,496 

«11,600' 


Minimum. 


225 
271 
863 
527 
271 
225 
271 
317 
225 
527 
225 
317 

225 


Seoomd-feet 
perflqia 
mw. 


1,616 

1,003 
02,863 

1,424 
618 
408 
550 
806 
488 

1,467 
534 

2,071 


1,154 


4.49 
2.T9 
a7.95 
3.96 
1.72 
1.13 
1.53 
2.24 
1.36 
4.08 
1.48 
5.75 


Deptts 


3.21 


I 


5.1* 

it-. 
1.? 

2,> 


o  Estimated. 
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MISCEIiXiANEOUS  NEW  JERSEY  STREAMS. 

riie  following  discharge  measurementB  were  made  on  streams  in 
>w  Jersey: 

MiHcellaneous  discharge  jneasurevients  made  on  Neiv  Jersey  streams. 


I>atc. 


1»02. 

lyl 

iKTist  si- 
ne 26  .  _  . 
tober  29 
I^tember 
igust  23 
ptember 
ptember 
•tober  30 
3tober  30 
^ptember 
L'tolier  30 
jptember 
ngnst  28 . 
cdy  1  _... 
.ugust  29. 
eptember 
eptember 
eptember 
November 
eptember 
eptember 
-eptember 
•eptember 

uly  1 

^ngn8t29 
September 

VTlgTl8t22. 


Stream. 


24 


11 
23 


26 


26 


Paulinskill 

do 

Ramapo 

do^ 

Rockaway ... 

....do • 

....do 

...-do 

....do 

Pompton 

Passaic 

...do 

...do 

Whippany 

North  Branch  Raritan. 

...do  

....do 

Raritan 

...-do _ 

...do 

Sonth  Branch  Raritan . 

....do 

...-do  .--- 

.....do - 

,  Lamington 

! do 

23 Pequannock 

Wanaqne 


26 
19 
20 
6. 
24 
24 
25 


Locality. 


Warrington,  N.J 

Columbia,  N.  J 

Mahwah,  N.  J 

do 

Old  Boonton,  N.  J  . . . 

do 

do 

do 

do 

Pompton  Plains,  N.  J 

Stanley,  N.  J 

do 

Millington,  N.J 

Whippany,  N.J 

FarHill8,N.J. 

do 

Plnckemin,  N.J 

Bomid  Brook,  N.  J. . . 

do 

do 

German  Valley, N.J. 

Califon,N.J 

Neshanic,N.  J. 

High  Bridge,  N.  J  . . 

Potters  ville,  N.  J 

do 

Pompton,  N.J . . 

do 


Dis- 
charge. 


Sec.-ft. 

1,390 

98 

123 

678 

33 

146 

164 

102 

488 

1,066 

195 

431 

92 

35 

35 

41 

171 

323 

427 

947 

58 

51 

172 

120 

545 

32 

90 

97 


DEIiAWARE  RIVER  DRAINAGE   BASIN. 

Gaging  stations  are  maintained  in  this  basin  by  the  United  States 
iteological  Survey  on  the  West  Branch  of  the  Delaware  at  Han- 
cock, N.  Y. ;  on  the  East  Branch  of  the  Delaware  at  Hancock,  N.  Y. ; 
[>n  the  Delaware  River  at  Port  Jervis,  N.  Y.,  and  at  Lambert  ville, 
N.  J. ;  on  the  Neversink  River  at  Port  Jervis,  N.  J. ;  and  on  the  Lehigh 


12h<  BTBEAM   MEASUKEMENTS    IN    1902,  PART   I.  >^^ 

River  at  South  Bethlehem,  Pa.  Aside  from  these  stations  m€a^ILP♦- 
ment8  have  been  made  for  several  years  by  John  E.  Codman,  hvdrri'- 
rapher  of  the  water  department  of  the  city  of  Philadelphia.  T- 
stations  maintained  by  Mr.  Codman  are  located  on  the  foUoviii^ 
streams,  all  in  the  vicinity  of  Philadelphia:  Perkiomen,  Wissahiek-  \ 
Tohiekon,  and  Neshaminy  creeks,  and  on  the  Schuylkill  River.  Tt* 
following  pages  give  the  records  of  these  st>ations  for  19^>2. 

WEST  BRANCH   OP  DELAWARE   RIVER   AT    HANCOCK,  X.  Y. 

The  Delaware  River  rises  on  the  slope  of  Mine  Mountain,  near  t> 
southwestern  line  of  Schoharie  County,  flows  southwesterly  ae^-^^^ 
central  Delaware  County  to  Deposit,  where  it  is  joined  hyi^qnaj^ 
Creek,  a  large  tributary  draining  eastern  Broome  County,  The  upp»*: 
drainage  area  is  relatively  long  and  narrow,  with  numerons  shr 
lateral  tributaries.  It  is  rugged  and  to  a  considerable  extent  wt->iK 
There  are  low  water-power  dams  near  Hamden  and  Delhi.  At  Dep^i* 
the  stream  turns  abruptly  to  the  southeast,  forming  the  boundarriir-: 
between  New  York  and  Pennsylvania,  until  Port  Jer\'is  is  reachrii 
Here  it  encounters  the  foot  of  the  Shawangunk  Range,  and  its  diiv  - 
tion  of  flow  is  again  turned  to  the  southwest.  Below  Port  Jenris  i^t 
Delaware  forms  the  division  between  Pennsylvania  and  New  Jer>»  ■- 
and  ultimately  empties  into  Delaware  Bay  below  Philadelphia.  AN'^r 
Hancock  the  main  stream  is  known  as  the  West  Branch  of  DeUws> 
River,**  to  distinguish  it  from  the  smaller  East  or  Pepacton  Branrb  : 
Delaware  River. 

The  gaging  station  on  West  Branch  of  Delaware  River  is  sitnain]  a* 
the  suspension  bridge  in  Hancock  village.     A  15- foot  weight  and^> 
gage,  reading  decimally,  is  attached  to  the  upstream  side  of  the  brid:f 
The  stream  bed  is  of  rock,  overlain  with  gravel  and  cobblestone. 

The  bench  mark  is  a  circular  chisel  draft  on  the  upstream  comer  : 
the  left  abutment.  Elevation  of  bench  mark  is  100  feet.  Elevation  •: 
water  surface  when  gage  I'eads  zero  is  75. 75.  Tlie  ^:a^  was  en^'tr 
October  15,  1902,  -by  P.  M.  Churchill  and  C.  C.  Covert. 

The  gage  is  read  each  day  at  8  a.  m.  and  again  at  4  p.  m.  by  IHv  1 
Pulver,  collector  of  tolls  at  the  bridge. 

The  gaging  station  is  situated  approximately  one-half  mile  upstmis 
from  the  junction  of  the  East  and  West  branches  of  the  stream.  IV 
bridge  has  a  span  between  abutments  of  235  feet.  The  bridp-  :> 
spaced  in  5-foot  intervals  on  the  downstream  side,  beginning  at  i*^ 
of  left  abutment.  Discharge  measurements  are  ma<le  from  the  lo?  r 
side  of  the  bridge. 

A  discharge  measurement  by  P.  M.  Churchill  and  C.  C  Covrr. 
hydrographers,  October  15,  1902,  showed  a  discharge  of  1,123  seei'i'- 
feet,  gage  height  3.95  feet. 


a  Sometimes  called  Mohawk.    It  should  not  bo  confused  with  the  Mohawk  River,  a  tn- 
of  Hudson  River. 
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an  daily  gage  height,  in  feet,  of  West  Branch  ofDelai  ire  River  at  Hancock,  N.  Y. 


l>»y. 


isue. 


Ocjt.   Nov. 


4.55 
4.3:) 
4.33 
4.«) 
3.75 
3.75 
3.53 
8.35 
3.32 
3.25 
3.15 


Dec. 


3.0U 
2.96 
3.85 
3.30 
3.25 
3.25 
3.25 
3.28 
3.  OB 
3.20 
3.75 


Day. 

V^ct. 

13. 

1902. 

i 

13 

14 

15 

3.90 
3.60 
3.40 
3.40 
3.47 
3.50 
3.43 
3.35 

16 

17 

18 



19 

20 

21 

22 

.ov. 


3.30 
3.20 
3.20 
3.07 
2.97 
2.87 
2.87 
2.85 
2.80 
2.82 
2.85 


3.70 
3.85 
3.80 
3.90 
5.25 
7.47 
6.23 
5.40 
5.18 
4.98 
8.43 


EAST  BRANCH   OF  DELAWARE   RIVHR  AT  HANCOCK,  N.  Y. 

Ka.st  Branch  of  Delaware  River  flows  parallel  to  the  West  Branch 
?ro8s  southern  Delaware  County.  The  drainage  area  is  broader 
id  the  tributaries  longer  and  more  branching  than  those  of  the  West 
ranch.  Many  of  the  tributaries  head  in  small  lakes  and  ponds. 
The  gaging  station  is  situated  at  the  highway  bridge  in  Hancock 
illage.  A  15-foot  weight  and  wire  gage,  graduated  decimally,  is 
btached  to  the  horizontal  chords  of  the  upstream  side  of  the  second 
pan  from  the  left  or  south  abutment.  The  reference  point  is  a  cir- 
ular  chisel  draft  on  the  downstream  corner  of  the  left  abutment. 
Is  elevation  referred  to  the  bench  mark  described  above  in  connec- 
lon  with  the  station  on  the  West  Branch  of  the  stream  is  98.52. 
The  elevation  of  the  datum  plane  of  the  gage  or  of  water  surface 
^hen  the  gage  reads  zero  is  70.59,  or  5.16  feet  lower  than  that  for  the 
Vest  Branch  station. 

The  bridge  consists  of  five  spans  and  has  a  length  between  abut- 
aentsof  425.5  feet.  Discharge  measurements  are  usually  made  from 
he  downstream  side.  Bridge  is  marked  off  in  5- foot  spaces,  beginning 
kt  right  abutment. 

During  low  water  the  elevation  of  water  in  the  East  Branch  is  lower 
ban  that  in  the  West  Branch  at  the  respective  gaging  stations. 
There  is  considerable  fall  in  each  branch  from  the  gaging  station  to 
'he  mouth  of  the  stream. 

The  gage  was  erected  October  14,  1902,  by  P.  M.  Churchill  and 
L-.  C.  Covert.  The  gage  is  read  twice  daily,  at  8  a.  m.  and  4  p.  m., 
i)y  D.  B.  Van  Etten.  A  discharge  measui-ement  made  by  Messrs. 
Churchill  and  Covert  October  14,  1902,  with  a  gage  height  of  4.345 
feet,  showed  a  discharge  of  2,320  second-feet. 

The  drainage  area  tributary  to  each  branch  between  the  gaging 
station  and  the  mouth  of  the  stream  is  approximately  1  square  mile. 

The  location  of  the  two  gaging  stations  close  to  the  mouths  of  the 
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branches  enables  tlie  total  discharge  of  the  main  Htream  Hi  lb*'  n  - 
fluence  of  its  principal  branches  to  be  determined. 

The  highest  recent  freshet  on  the  East  Branch  oi-curred  DetvL.i** 
15-16, 1901.     The  elevation  of  water  surface  was  03.05  feet,  etjaiva.^ 
to  a  gage  reading  of  22.43  feet. 


Mean  daily  gage  height,  in  feet,  o/Ecut  Branch  of  Delatrare  River  at  HamevrL.  ^  V 


Day. 

Oct.  Nov. 

Dec. 

a40  1 
a40  ' 
a50 ' 
aTo  1 
a70 ' 
a  60 ' 
aso  < 
aTO 

6.75  ; 

6.m 

6.W 

1  "-^ 

Oct. 

Not. 

1  Dfic. 

Dbt. 

«ii-t. 

S05 

.v3» 
U  1- 

.143 

3.V. 

Ifc' 

iwe. 
1 

4.86 

IWS. 
U8 

am 
am 
a  60 
a40 
a40 
a  40 
a  30 
a30 
aaii 
a2o 
a  a) 

5.56      23. 
5.00    .  24. 
5.86      25. 

6.96    as. 

6.50  1    27- 
8.86  1    28. 
6.95      29. 
5.50      30. 
500  1   31. 
4.HU 
10.00 

i9ie. 

....  xm 
....  ao»» 
....  aji> 

•    *• 

2 

1  4.56 

18 ':;:::: 

I 

3 

4.40 

14 

1  * 

4  

4.a 

15 

4.20 
4.10 

4.m 
aw 
am 
am 
a  75 
am 

:{ ¥y 

'.  • 

5 

'  4.10 

16 

airt 

4  " 

6 

'  4.m 

1  ajK 

'  am 

'a7o 

i3.m 

'  am 

17 

....    tSB 
1  T.« 

t  V 

7 

18 

» 

8         

19 

....    a.** 

•      * 

9 

10 

» 

21 

» 

11 

22 

1 

1 

1 

1 

DELAWARE   RIVER  AT  PORT   JBRVIS,  N.  Y.  ' 

From  Hancock  to  Port  Jervis,  a  distaiu^e  by  river  of  7G  milt^.  "* 
Delaware  flows  in  a  broad,  shallow  channel,  with  numerous  >...'!i 
rifts  and  a  relatively  rapid  current.  Several  larg^e  tributaries  ♦-n>* 
in  this  section  of  the  stream,  notably  Mongaup  and  Callicoon  rr*^*^* 
and  Neversink  River  from  the  New  York  side,  and  the  Lai*kawa\-' 
River  from  Pennsylvania." 

The  following  table  shows  the  drainage  ai-eas  of  the  Upper  l^  ■ 
ware  River  and  its  principal  tributaries: 

Drainage  area  of  Upper  Delatoare  River  and  principal  fributaru^ 

SqiBUVL  - 

Delaware  River  at  month l"  »• 

Delaware  River  at  Lambert ville.  N.  J.  * _ 6  v 

Delaware  River  at  Port  Jervis,  below  month  of  Neversink  River. v" • 

Delaware  River  at  Port  Jervia,  above  month  of  Neversink  Riv^er 

Neversink  River  at  month 

Lackawaxen  River  at  month _ "i-* 

Monganp  Creek  at  month _ _ - 

Delaware  River  below  jnnction  of  branches  at  Hancock,  N.  Y 1  '• 

West  Branch  of  Delaware  River  above  month  at  Hancock,  N.  Y  .      .    .    . 
West  Branch  of  Delaware  River  above  Oqnaga  Creek  at  Deposit,  N.  Y  .  . 

West  Branch  of  Delaware  River  at  Walton,  N.  Y. -* 

East  Branch  of  Delaware  River  at  month,  Hancock,  N.  Y 5- 

o  For  general  description  and  draiaag«  areas  of  Delaware  River  see  Tenth  United  $utp>  '- ' 
BUS,  Volume  XVI,  pp.  m7-638. 

t>  Results  are  firiven  In  Water  Supply  and  Irrigation  Paper  United  St&tea  OeologicAl  nl"  * 
No.66.  p  214. 
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The  drainage  area  of  Delawai-e  River  above  Port  Jervis  lies  about 
>ur-fiftli8  in  New  York  and  one-fifth  in  Pennsylvania. 

Arrangements  have  been  made  for  the  establishment  of  a  gaging 
:  at  ion  at  the  upper  railroad  bridge  in  Port  Jervis.  The  bridge  is 
tiiated  about  1  mile  upstream  from  the  mouth  of  Neversink  River, 
'he  bridge  consists  of  two  spans  and  stands  squarely  across  the 
tireani.  The  current  is  smooth  and  uniform.  The  stream  bed  is 
ol>l>lestone  and  gravel,  and  fairly  permanent. 

The  following  discharge  measurements  have  been  made  by  George 
>.  lloUister,  i-esident  hydrographer  for  New  Jersey,  at  the  Barrett 
uspension  toll  bridge: 

June  38:  Gage  height,  20.3  feet;  discharge,  4,629  second-feet. 
September  2:  Gage  height,  30.6  feet;  discharge,  1,501  second-feet. 

The  gage  height  as  given  is  the  distance  down  to  water  surface  from 
t  reference  point  on  top  of  upstream  guard  rail  470  feet  from  the  left- 
land  abutment. 

NEVERSINK   RIVER  AT  PORT  JERVIS,  N.  Y. 

Neversink  River  rises  in  southwestern  Ulster  County.  Two 
tranches  unite  to  form  the  main  stream  near  Sullivan  County  line, 
rhe  stream  then  flows  southerly,  crossing  eastern  Sullivan  County, 
%nd  enters  Delaware  River  at  Port  Jervis. 

The  drainage  hasin  contains  numerous  small  lakes.  The  fall  is 
rapid  and  often  precipitous.  This  stream  has  been  suggested  as  a 
possible  source  of  water  supply  for  New  York,  the  proposed  point  of 
diversion  being  "The  Kitchen,"  at  Quarry ville,  at  an  elevation  of  850 
feet  above  tide.  The  drainage  area  at  this  point  is  200  square  miles 
and  at  the  mouth  of  the  stream  346  square  miles.  <* 

The  gaging  station  is  situated  at  the  East  Main  street  highway 
bridge  in  Port  Jervis.*  A  wire-and-weight  gage  is  secured  to  the  iron- 
work of  the  bridge  on  the  downstream  side.  The  bench  mark  is  an 
anchor  bolt  in  top  of  cemetery  wall  on  right  bank  of  stream;  its  ele- 
vation is  taken  at  100  feet.  The  datum  plane  of  the  gage  referred 
to  this  bench  mark  is  72.24.  The  station  was  established  October 
16,  1902,  by  P.  M.  Churchill  and  C.  C.  Covert.  The  gage  record  is 
kei)t  by  Edwin  J.  Earley.  Readings  are  taken  at  8.30  a.  m.  and  5 
p.  m.  each  day. 

The  bridge  has  a  single  span  of  130  feet  between  abutments.  The 
stream  flows  between  entraining  walls  and  has  a  rock  bed  overlain 
in  part  by  earth.  The  discharge  measurements  are  usually  made 
from  the  upstream  side  of  the  bridge,  which  has  been  divided  into 
5-foot  stations,  beginning  at  the  right-hand  abutment. 

a  See  Freoman's  report  on  Now  York  water  ttupply,  19U0,  p.  491. 
bTempoiury. 
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Discharge  measurements  of  Neversink  River  at  Rort  Jervis^  S.  Y 


Date. 

Oase 
hei^t. 

Fret. 
7.45 
7.00 

1 

Diacliarg«. 

! 

Hydjtagrmpher. 

1902. 
October  16 

1 

'  Secand-fert. 

945 

534 

Charchfll  and  Covert 

November  10 

F    TT    Til1ifip'li««t 

1 

Two  discharge  measurements  were  mtule  before  the  gsi^  was  pbic^ 
by  George  B.  HoUister: 

June  28, 1902 *4 

September  17, 1902 .-      15 

Mean  daily  gage  height,  in  feet,  of  Neversink  River  at  Port  Jervis,  -V.  Y. 


D«y. 

Oct. 

Nov. 

7.80 
7.40 
7.25 
7.20 
7.20 
7.15 
7.15 
7.10 
7.00 
7.00 
7.00 

Dec. 

1908. 
1 

6.90 

2 

6.90 

8 

7.10 

4 

7.20 

5 

7.00 

6 

7.00 

7 

7.00 

8 

6.90 

9 

6.70 

10 

6.70 

11 

6.90 

1 

Day. 


1902. 


12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 


Oct. 


7.60 
7.40 
7.30 
7.80 
7.20 
7.10 
7.08 


Nov, 


7.00 
7.00 
6.90 
6.90 
6.90 


Dec. 


6.90 
«.90 
e.90 
6.85 
6.95 


19Q& 


OcL    N«r.  D5C 


24. 
25. 
». 
27. 


7.QS 
7.03 
7.00 


6.90  111.75      28. 


6.90 
6.80 


9.U 
9.50 
9.06 
8.45 
13.10 


ao. 

81. 


6.» 
8.73 

laos 

8.85 


C9 

&» 
7.0D 
TOP 
6.9» 


LEHIGM  RIVER  AT  SOUTH  BETHLEHEM,  PA. 

This  station  was  established  December  22,  1902,  on  the  News^treH 
bridge,  and  is  under  the  general  supervision  of  Prof.  Mansfiekl  Mer- 
riman,  C.  E.,  of  Lehigh  University.  The  equipment  consists  of  a 
standard  chain-and- weight  gage,  which  is  referred  to  a  borizonUl 
scale  board  graduated  to  feet  and  tenths,  inclosed  in  a  lock  bn^i 
attached  to  the  lower  side  of  the  bridge.  The  length  of  the  chaiE 
from  the  zero  to  the  extreme  end  of  the  weight  is  43.77  feet  Tb* 
datum  of  the  gage  is  210.55  feet  above  sea  level,  and  is  referred  to  tb*- 
Lehigh  Valley  Railroad  bench  mark  No.  72,  which  is  an  iron  pin  ic 
the  south  pier  of  the  New  street  bridge.  Its  elevation  is  232.87  feet 
above  sea  level. 

The  following  discharge  measurementiS  were  made  during  19(K: 

September  22:  Gktge  height,  2.3  feet;  discharge,  1,171  second-feet. 
November  14:  Gage  height,  2.8  feet;  discharge,  1,696  seoond-feet. 
November  20:  Gage  height,  2.6  feet;  discharge,  1,436  aecond-feet. 


WKLL..] 
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Daily  gage  height,  in  feet,  of  Lehigh  River  at  Netc  street  bridge.  South 

BethleJiem,  Pa. 


)By.     Sept. 

Oct. 

6.10 
6.10 
5.80 
4.75 
4.65 
5.55 
5.05 
4.60 
4.40 
4.00 
3.75 

Nov. 

Dec. 

Day. 

Sept. 

Oct. 

Nov. 

Dec. 

I>ay. 

1902. 

23 

24 

25 

26 

27 

28 

29 

80 

31 

Sept. 

2.20 
2.17 
2.80 
8.45 
8.10 
6.20 
5.85 
5.  TO 

Oct. 

Nov. 

Dec. 

1902.    ' 

1 

3.75 
3.65 
3.50 
a40 
8.80 
a40 
3.85 
a20 

ao5 

2.95 
2.90 

2.60 
2.60 
2.90 
3.00 
3.00 
3.00 
3.00 

aoo 

2.56 
2.65 
2.60 

1902. 
12 

5.67 
5.85 
5.05 
4.65 
4.25 
3.95 
8.80 
8.75 
3.65 
3.40 
3.25 

2.85 
2.80 
2.80 
2.80 
2.  TO 
2.75 
2.65 
2.65 
2.60 
2.60 
2.60 

2.70 
2.75 
2.80  '. 
2.80  ; 
4.40 
8.TO 
6.00 
5.10 
4.60 
4.90 
12.80 

a20 
3.05 
8.80 

aoo 

2.95 
5.25 
4.90 
4.40 
4.00 

2.60 
2.60 
2.60 
2.00 
2.60 
2.60 
2.60 
2.00 

8.86 

18 

6.45 

14 

5.65 



15 

5.10 

1 

,  16 

4.  TO 

; 

17 

4.30 

18 

4.10 

1 

i  19 

4.00 

20 

a90 

21 

_i 

1 
22 

2.80 

DELAWARE  RIVER  AT  LAMBERTVILLE,  N.  J. 

This  river  rises  in  Delaware  County,  N.  Y.,  flows  in  a  southerly 
irection,  forming  the  boundary  between  the  States  of  Pennsylvania 
nd  New  Jersey,  and  empties  into  Delaware  Bay.  Measurements  of 
low  were  made  during  the  latter  half  of  June,  1891,  by  Prof.  Dwight 
^orter  and  students  at  the  Delaware  Watergap,  Pa.  The  results  show 
,  flow  of  from  2,000  to  2,200  second-feet.  This  was  said  to  be  the  lowest 
une  stage  for  five  years.  Measurements  were  made  during  the 
Irought  of  1895  by  Prof  L.  M.  Haupt  at  Point  Pleasant,  Pa.,  near  the 
ntake  of  the  Delaware  and  Raritan  Canal  feeder.  The  discharge 
bbove  the  bridge  was  1,657  second-feet  and  below  the  bridge  1,328 
«cond-feet.  Delaware  River  was  measured  by  E.  G.  Paul,  June  4, 
.899,  at  Martins  Creek,  Pa.,  7  miles  above  the  mouth  of  Lehigh  River, 
ind  a  discharge  of  2,724  second-feet  was  found.  Systematic  meas- 
irements  of  river  height  were  begun  on  July  23,  1897,  at  the  covered 
X)U  bridge  at  Lambertville,  N.  J.,  a  town  on  the  Belvidere  division 
)f  the  Pennsylvania  Railroad,  16  miles  above  Trenton.  The  gage, 
established  by  £.  G.  Paul,  consists  of  a  stamped-link  brass  chain  with 
I  O-pound  sash  weight  attached.  The  chain  passes  over  a  pulley  and 
iihe  index  is  referred  to  a  scale  painted  on  a  horizontal  board  32  feet 
long,  fastened  to  the  studding  and  inclosed  in  a  wooden  cover.  The 
tero  of  the  gage  chain  is  marked  by  a  copper  rivet,  which  is  28.85 
feet  from  the  end  of  the  weight,  and  reads  2  feet  when  the  water  is 
dt  zero  on  a  gage  on  the  first  bridge  pier.  Measurements  are  made 
from  the  windows  of  this  covered  bridge.  The  initial  point  for  sound- 
ings is  on  the  left  bank.  The  channel  above  and  below  is  nearly 
straight,  the  water  being  sluggish  for  a  short  space  on  the  left  side. 
The  right  bank  is  high  and  and  the  be<l  of  the  stream  is  of  gravel  and 
sand.  The  observer  is  Charles  II.  Naylor,  collector  of  bridge  tolls, 
Lambertville,  N.  J. 
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The  following  discharge  measurements  were  made  durin«j  r.**:?  V 
E.  G.  Paul: 

April  15:  Gkige  height,  6.8  feet;  discharge,  including  canal,  ^.«>I9  woxod-fret; 
diflcharge  of  canal,  518  second-feet. 

September  23:  Qage  height,  2.9  feet;  discharge  measnrenient,  inclndiii^  ri^&l 
3,985  second-feet;  discharge  of  canal,  517  second-feet. 

Daily  gage  height,  in  feet,  of  Delattare  River  at  Lambertville,  S.  J. 


Day.                Jan. 

Feb. 

Mar. 

1«K. 

1 

7.40 

l«) 

18.17 

2 

6.46 

4.75 

20.21 

3 

5.80 

4.90 

16.40 

4 

5.40 

(«) 

12.50 

5 

5.00 

....... 

9.45 

6 

4.96 



8.16 

t 

4.90 

6.80 

8 

4.85 

6.45 

9 

4.70 

7.00 

10 

4.70 

7.70 

11 

'    4.30 

7.95 

12 

'    4.45 

- •«••-- 

7.00 

13 

4.15 

8.85 

U 

i«) 

11.06 

15 

10.20 

16 

8.70 

17 

......  - 

9.35 

IM 

11.80 

19 

9.70 

m 

•    3.90 

7.90 

21 

3.80 

7.20 

22 

8.98 

6.76* 

2;j..    

8.55 

6.35 

24 

7.95 

6.20 

25 

6.60 

6.10 

26 

5.80 

8.90 

5.90 

27 

5.70 

8.66 

5.70 

28 

6.75 

12.34 

5.45 

29 

;    6.46 

5.80 

:«) 

;  (") 

7.80 

m 

7.90 

Apr. 

May. 

June. 

1 

Jnly.  An^.  < 

1 

1 

Sept.    Oct.   NnT 

7.05 

5.80 

1 
3.70 

6.10 

5.45  ' 

aai  laffi    cu 

6.60 

5.85 

!  3.55 

6.05 

5.20 

aaj   9.«i    hT* 

6.25 

5.40 

,  3.45 

5.50     5.96 

a  u)   Km    o  *' 

5.95 

5.20 

3.40     5.15  1  5.70 

2.95     7.4«1      Slfl 

5.66 

5.15 

a30'5.75      5.15 

2.90     6.90     5^tl> 

5.45 

5.00 

3.80 

5.20  1  4.86 

2.85     7.10  ,    l« 

5.60 

♦.70 

3.55 

5.00  1  4.  TO 

2.70     6.fi      4.71 

6.05 

4.65 

3.55 

5.10     4.50 

2.80     6.25'   4.fi» 

7.20 

4.50 

3.40 

5.10  '  4.96 

2.90    5.MD      Ijfi 

8.05 

4.3l» 

3.35  1  4.70  ;  4.20 

3.45     5.45      4.4ii 

8.30 

4.20 

3.30     4.50  ;  4.15 

a66     h.»     *.» 

7.56 

4.10 

3.40     4.25 

4.ao 

4.10     6.:0      4  91 

7.10 

4.10 

3.45     4.15 

4.10 

a95     7.15      iUi 

6.75 

4.00 

3.65  I  4.00  1  a»D 

li.70    6.W|    4.M 

6.26 

3.90 

3.65   am 

am 

1     3.55     6.  a)      411) 

5.95 

8.90 

a55  ,  a65 

3.70 

a45    h.W     x% 

5.60 

3.80 

a55  ,  aeo 

3.60 

a25     536  1    4JI> 

5.45 

a  75 

a 75   a50 

aso 

a20     .V25      aiG 

5.15 

3.75 

a85     3.50 

3.30 

3.00    5.10      a-it 

5.10 

a66 

a 80  '  3.65 

a  45 

2.95     4.96  1   3.t« 

4.90 

3.70 

a75  1  3.95 

a  30 

2.96  .  4.:^     X7B 

4.80 

sm 

4.85  ;  6.10 

3.  so 

a  10  '  4.00    a?i 

4.65 

3.60 

4.30  ,  6.35 

aa5 

a 00   4..W    a:- 

4..'>5 

3.55 

4. 15     5. 75 

1 

a4o 

2.85     4.40  '    ^> 

4.45 

3.60 

a85  1  5.55 

3.90 

2.90     4.3) 

a:»f 

4.30 

3.50 

a85  1  5.90 

aao 

5.65     4.25 

a'fi 

4.30 

3.95 

4.00     5.45 

a  00 

l».7n  ^  4.30      4.W 

4.80 

4.05 

a95  ■  4.90 

2.05 

9.05     4.90      4.10 

4.20 

4.10 

4.00     4.80 

3. 15 

8.35  f  7.211      4.3^ 

5.15 

a90 

4.70  ;  5.20 

3.10 

12.10     8.20 

4  Ah 

3.85 

1 

5.60  1 

a  31) 

- '  6.95 

Iw 


4> 

4t> 

I* 

4  I- 

t» 

{] 

*  ' 
42 
4 

i  ' 

*  T" 

i* 

*  f. 

:  + 

T« 

II- 
li» 
!♦  ■ 


:;«' 


i  ' 

at 


a  Prozon  January  14  to  19,  January  30  to  February  1,  and  February  4  to  25l 
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Hating  table  for  Delaware  River  at  Lambertville,  N,  J.^far  1902, 


heit^%.    1  Di^^harge 


Feet 

2. 

4   i 

2. 

6 

2. 

1 
8 

3. 

0 

3. 

2 

3. 

4 

3. 

6 

3. 

8 

Discharge. 

height. 

Second-feei. 

fWt. 

8,550 

5.6 

10,000 

5.8 

11,650 

6.0 

13,350 

6.2 

15,050 

6.4 

16,750 

6.6 

18,500 

6.8 

20,300 

7.0 

Discharge. 

Oasre 
height. 

Second-feet. 

Feet. 

22,150 

7.2 

24,050 

7.4 

25,950 

7.6 

27, 850 

7.8 

29,750 

8.0 

31,700 

8.5 

.  38, 710 

9.0 

35,750 

9.5 

Discharge. 


Second-feet. 
87, 810 

89, 870 

41,930 

43,990 

46,050 

51,200 

56,350 

61,500 


Estimated  monthly  discharge  of  Delaware  River  at  Lambertville,  N,  J, 

[Drainage  area,  6,856  square  miles.] 


Month. 


1902. 


Einaary  "  . 
ebruary  <" 

[arch 

.pril 

lay 

une 

nly 

Lii^n^t  -.- 
September 

)ctober 

"^Tovember, 
December  . 


Discharge  in  second-feet. 


Run-ofF. 


Maximnm. 


171,813 
49,140 
24, 525 
14,200 
26,900 
25, 475 
88,280 
72,315 
27, 375 
96, 520 


Minimum. 


20,750 
10,000 
5,550 
4, 550 
5,550 
8, 125 
2,300 
10,000 
6,650 
8, 550 


Mean. 


Second-feet 

per  square 

mile. 


«»20,017 


55,811 
24,039 
10,701 

6,848 
16, 352 

9,310 
12,922 
28,250 
11,323 
29, 351 


6  2.92 


8.14 
3.51 
1.56 
1.00 
2.39 
1.36 
1.89 
4.12 
1.65 
4.28 


Depth  In 
inches. 


6  3.37 


9.38 
3.92 
1.80 
1.12 
2.76 
1.41 
2.11 
4.75 
1.84 
4.93 


«« Frozen  January  14  to  19,  January  30  to  Febniary  1,  and  February  i  to  25.      '^ELstimated. 

PEBKIOMEN   CREEK  AT  FREDERICK,   PA. 

*  Perkiomen  Creek  drains  an  area  lying  northwest  of  the  city  of 
Philadelphia.  It  flows  in  a  southerly  direction,  emptying  into  Schuyl- 
kill River  about  7  miles  above  Norristown  and  about  18  miles  al)ove 
Philadelphia.  The  point  of  measurement  of  discharge  is  located  at 
Frederick,  this  being  al>out  12  miles  above  the  mouth.  This  point  is 
also  above  two  large  tributaries  known  as  West  Swamp  Creek  and 
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[fe.t 


Northeast  Branch  of  Perkiomen.  Both  of  these  tributaries  havtrfi^ 
measured — the  first  at  Zieglerville,  and  the  second  nearSehweDb!> 
The  drainage  area  of  the  Perlciomen  above  the  point  of  measawnfot 
is  given  by  Rudolph  Hering  as  152  square  miles,  of  whieh  111  sn* 
cultivated  and  improved  and  41  untillable  and  wooded.  Me^sor^ 
ments  of  this  creek  were  begun  on  August  20,  1884.  Wat^r-Sapph 
Paper  No.  35  contains  tables  of  the  daily  discharge  for  the  eotiiv 
period  from  1884  to  1899,  inclusive.  The  records  of  daily  disekr^^^ 
for  1902,  as  furnished  bj^  John  E.  Codman,  hydrographerof  theviv: 
department  of  Philadelphia,  are  given  in  the  following  table: 


Daily  dinchargey  in  aecond-feet,  of  I^erkiomen  Creek  at  FndaiA,  Pti. 


Day. 


iwe. 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

ao 

21 ;  1.084 

28 '  5,259 


111 

HI 

111 

HI 

101 

92 

92 

83 

06 

58 

51 

45 

45 

45 


28. 
24. 
25. 

26. 
27. 
28. 
29. 
80. 
31. 


:j88 
221 

leo 

142 

688 
238 
194 
168 
189 


an. 

Feb. 

889 

119 

219 

228 

193 

376 

168 

807 

148 

286 

H4 

168 

Mar. 


121 
75 
75 
75 
06 
51 
45 
45 
45 
45 
45 
45 
45 
45 
,  137 
I  1,798 
\  800 
•  486 
'  1,104 
I  6.086 
j  2,560 
'  6,848 


2,657 

1,608 

708 

400 

284 

315 

801 

284 

1,448 

8,840 

1,758 

835 

828 

497 


972 
406 
278 
2S) 
219 
198 
178 
163 
143 
123 
118 
123 
944 
766 
341 


Apr. 


246 
190 
157 
142 
138 
270 
345 
1,688 
1,564 
738 
426 
801 
238 
188 
106 
154 
150 
143 
184 
119 
114 
118 
112 
105 
100 
96 
88 
86 
150 
581 


May. 


June.  Jnly.lAog.i  Sept.    ^^  ^^  ^ 

—  1 


258 
196 
ISM 
101 
14SS 
140 
123 
100 

06 

88 

70 

74 

75 

79 

79 

73 

61 

53 

57  I 

09  i 
67   ' 
64   ' 
56 
50 
65 

77 ; 

96  ' 

84  ' 
61 

51  I. 


47  1 
45  I 
51 

45 
«1 

^ 
45 

45 

45 

45 

46* 

56 

67 

71 

83 

79, 

67 

<B  I 

61  , 
108  I 

66  I 

54 

54 
287  I 
143  > 

101  ' 

I 

68  , 
175  I 


124 

79 
1U2 
107 

67 

SB 

54 

51 

48 

43 

45 

48 

*l 

35 

35  I 
40l 
4Sl 
40  ! 
75  I 
83  I 
113 
66 
53 
113  I 
150  I 
73  1 
58  ! 
56 
58 
06 


69 
68 
58 
45 
45 
45 
51 
49 
43 
43 
49 
212 
114 
50 
49 
87 
24 
80 
33 
34 
38 
88 
32 
20 
18 
80 
88 
254 
884 
101 


I 


51 
» 

31 
» 
96 
S 
M 
77 

in 
m 

8S 

31 

29| 
38' 

28' 

88 

26 

26 

26 

28 

SO 

U 

i,3ni 

980 
313  < 

186| 


m 

» 
1,1S 

ss 
1» 

119 

a» 

2,350 

se 

»8 
219 
ISS 
IS 
140 
133 
IS 
110 
101 
9ft 
96 


IS    :^ 

113    !> 


¥4 

w. 

'A 


m 

w 

T8 

1« 

:i 

4» 

I.WB 

3& 

4SS 

1* 

» 

h: 

l& 

.  -  •• 

I. 
i» 

IS 


So   ^"-^ 

3 
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Estimated  monthly  diacharge  of  Perkiomen  Creek  at  Frederick^  Pa. 

[Drainage  area,  1593  fiqnare  miles.] 


Month. 


1902. 

nnary 

»l>riiaxy 

arch .  . . 

pril   _ 

ay 

me  -  _ 

iiy  ---  

ngmst 

sptember 

irtober 

ovember 

ecember 

The  year 


Discharfire  in  second-feet. 


Run-off. 


ICazimnm.      Mlnimnm. 


5,259  I 
6,843 
2,840  I 
1,638  I 
253  i 
227 
226 
324  ' 
1,684 
2,350  I 

438 
5,011  j 


Mean. 


45 

45 
118 

86 

51 

45 

35 

18 

26 

71 

46  ! 
172  ! 


353 

787 

665 

300 

97 

71 

72 

68 

164 

366 

123 

850 


Second-feet! 

per  square 

mile. 


Deptii  in 
inches. 


6,843 


18 


326 


2.32 

5. 18 

4.38 

1.97 

.64 

.47 

.47 

.45 

1.08 

2.41 

.81 

5.59 


2.15 


2.67 

5.89 

5.05 

2.20 

.74 

«52 

.54 

.52 

1.20 

2.78 

.90 

6.44 


28.95 


WISSAHICKON   CREEK  NEAR  PHILADELPHIA,  PA. 

The  drainage  basin  of  this  creek  is  immediately-  adjacent  to  Phila- 
elphia,  and  between  Little  Neshaminy  and  Perkiomen  creeks.  It 
lows  through  Fairmount  Park,  emptying  into  the  Schuylkill  River 
.bout  12  miles  from  its  mouth.  Measurements  of  flow  were  begun  in 
Vpril,  1897,  under  the  direction  of  John  E.  Codman,  at  a  point  about 
(Xl  yards  above  the  junction  of  the  creek  with  Schuylkill  River, 
rune  5,  1899,  the  observations  were  discontinued  temporarily,  and 
vere  not  again  resumed  until  July  1,  1900.  The  figures  for  monthly 
low  for  1899  and  diagrams  of  daily  discharge  for  the  entire  period  of 
>bservation  (1897  to  1899,  inclusive)  will  be  found  in  the  Twenty-first 
Annual  Report,  Part  IV,  pages  81  and  82.  The  following  figures  for 
1902  were  furnished  by  Mr.  Codman. 
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,io* 


IktUydiBckarge,  in  tteeond-feet,  of  Wi^safiiekon  Creek  near  Philadelphia,  hi 


Day. 


IfMie. 


8. 


Jan. 


Feb. 


Apr        Ma; 


6. 

7. 


10. 
11. 
12. 
13. 
14. 


16. 
17. 
18. 
19. 
20. 
21. 
22. 
2B. 
24. 
25. 
2B. 
27. 
.28. 
29. 

:«- 

31. 


163 

& 

1.967  1 

lU 

_*j 

1^ 

146 

«f) 

MS 

L 

112 

1112 

1             *Sa  ' 

ItIS 

» 

99 

138 

W 

ve 

.'• 

98 

49 

ICM 

m 

« 

If 

22 

119  1 

K« 

*: 

63 

.    22 

148 

106 

1 

45 

22 

IS4 

4» 

t  * 

"42 

22 

247 

415 

1 

44 

22 

as7 : 

hS 

t  < 

»S 

22 

255 

ISl 

kP 

31 

22 

255 

157 

«■ 

81 

22 

247 

im 

t^ 

31 

22 

227 

m 

• 

31 

22 

195 

m 

e 

31 

22 

168 

106 

fi 

27 

22 

155 

•     U4 

i 

22 

22 

118 

114 

«t 

22 

22 

104 

lti6 

♦i 

22 

22 

143  ' 

W 

4T 

151 

22 

161 

m 

4* 

1,UU8 

3B8 

148 

» 

1*1 

101 

567 

!«) 

91 

84 

270 

141 

m 

—  - 

68 

334 

141 

M 

77 

1.5U 

131 

82 

—  -    ■ 

in 

1.821 

123, 

72 

- 

124 

1,983 

124 

72 

_  

26 

127 

Ul 

. .- - . - 

25 

297 

M8 

24 

"Water  drained  out  of  iiond  for  repairs, 
TOHICKON   C'RBEK   AT  POINT  PLEASANT,   PA. 

Tohickon  Creek  drains  an  area  of  102  square  miles  in  Bucks  County, 
north  of  Philadelphia.  It  flows  in  an  easterly  course,  entering  I^*  .v 
wai'e  River  about  8  miles  above  Lambertville,  N".  J.  In  a  st4iteiD»-n" 
by  Rudolph  Ilering,  printed  in  the  report  of  the  Philadelphia  vat^r 
dex)artment  for  1885,  on  page  350,  is  given  a  classificHtion  of  the  drain- 
age area  of  Tohickon  Creek,  from  which  it  appears  that  7<i  sqoarv 
miles  is  cultivated  and  improved  and  26  square  miles  untillable  hb'' 
wooded.  Measurements  of  the  discharge  of  the  ereek  are  ma<ie  n««^ 
its  mouth  at  Point  Pleasant.  Rain  gages  are  located  within  the  drain 
age  basin  at  Quakertown,  also  at  a  point  about  3  miles  north  of  Bed- 
minster,  and  near  Point  Pleasant. 

Tables  of  daily  discharge  in  second-feet,  for  the  years  1S83  to  I^'' 
inclusive,  are  published  in  Water-Supply  Paper  No.  47,  page  ''i 
Daily  records  of  gage  height  were  not  kept  during  1900.  The  foll«»'^ 
ing  figures  of  discharge  for  1902  were  furnished  by  Mr.  Codman. 
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I>fiily  discharge,  in  second-feet,  of  Tohickon  Creek  at  Point  Pleasant,  Pa. 


Day. 


1902. 


Jan.  I  Feb. 


339 

301  ' 
135  ' 

87  [ 
8T  ' 

87  ' 

79 

71 

71 

71 

71 

64 

58 

53 

48 

48 

43 

39 

39 

614 
2,969 

407 

8S 


306 
35r 
584 
708 
688 
306 
184 
157 
109 
103 
103 
79 
71 

n 

55 
84 
36 
23 

17 
10 
34 
710 
675 
643 
582 


5,316 


50  I  3,406 
300  ;  3,419 
114 
131 
102 
137 


Mar. 

5,968 

551 

460 

848 

175 

185 

212 

153 

1,089 

1,977 

1,380 

775 

741 

539 

346 

391 

1,197 

150 
110 
98 
88 
80 
73 
60 
49 
48 

a5 

996 
772 
230 


Apr. 

143 

113 

78 

58 

60 

96 

397 

1,528 

1,773 

589 

286 

133 

96 

83 

67 

56 

48 

45 

43 

38 

35 

34 

81 

27 

30 

16 

16 

30 

23 

351 


May. 

June. 

10 

Jnly. 

Aug. 

166 

69 

18 

65 

7 

51 

20  - 

65 

•• 

40 

30 

73 

5 

34 

12 

61 

5 

36 

16 

47 

3 

31 

18 

35 

3 

19 

17 

81 

4 

19 

12 

27 

5 

16 

7 

23 

6 

9 

6 

20 

5 

11 

12 

22 

3 

13 

87 

23 

4 

6 

37 

18 

10 

8 

27 

17 

10 

9 

17 

17 

8 

9 

15 

17 

13 

9 

14 

13 

13 

5 

12 

15 

10 

3 

17 

30 

9 

4 

15 

12 

1 

^ 
1 

11 

9 

13 

83 

11 

9 

6 

26 

12 

9 

8 

360 

8 

7 

9 

515 

8 

1 

19 

180 

8 

10 

34 

81 

4 

13 

33 

44 

4 

14 

45 

39 

4 

9 

110 

37 

3 

13 

23 

3 

Sept. 

3 
2 
4 
4 
3 
3 
2 
2 
18 
6 
8 
6 
6 
6 
4 

< 

6 
5 
0 


5 


4 
4 


5 
5 


1,129 

2,291 

1,536 

784 

830 


I 


Oct. 

368 

351 

214 

114 

1.227 

1,500 

430 

162 

92 

68 

612 

2,616 

909 

227 

119 

87 

70 

57 

50 

48 

48 

41 

86 

39 

34 

26 

33 

1,304 

536 

189 

97 


Nov. 


64 
55 
51 
48 
45 
41 
41 
39 
94 
94 
33 
30 
81 
39 
33 
80 
36 
36 
£8 
22 
31 
»2 
88 
93 
31 
337 
435 
189 
94 
71 


Dec. 

107 

136 

1,360 

430 

274 

315 

148 

134- 

107 

107 

68 

103 

106 

U9 

119 

3,605 

3,367 

1,034 

444 

429 

1,  VnPv 

4,360 

1,854 

368 

147 

54 

75 

84 

305 

337 

157 


Kstiniated  monthly  discharge  of  Tohickon  Creek  at  Point  Pleasant,  Pa. 

[Drainafire  ar(«,  103  square  miles.  J 


Month. 


1902. 
3fcniiary 

el)mary 

[arch    . 

.pril 

tay 

une 

nly 

Liijanist  _ _ 

eptember  

>ct(>\)er 

f  oveml)er 

)«c:einber 

The  year . 


Diocharge  In  Recnnd-feet. 

1               Run-off. 

Maximum. 

Minimum. 

Mean. 

'  Set'ond-feet 
j  per  mi  uare 
mile. 

2.16 

Depth  in 
incheH. 

2.969 

39 

220 

2.49 

3,406 

10 

620 

0.08 

6.33 

5, 958 

48 

629 

6.17 

7.11 

1,772 

16 

203 

1.99 

2.22 

166 

7 

28 

.27 

.31 

110 

3 

13 

.13 

.15 

515 

3 

52 

.51 

.59 

37 

3 

14 

.14 

.16 

2,291 

2 

222 

2.18 

2.43 

2,616 

23 

377 

3.70 

4.27 

435 

21 

74 

.73 

.81 

4,260 

54 

671 

6.58 

7,59 

5,958  ! 

1 

o 

260 

0    '»'» 

34.46 

140 
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{WB.S. 


NR8HAMINY  CREEK,  PENNSYLVANIA,  BELOW   THE  FORKS. 

The  drainage  basin  of  Neshaminy  Creek  is  immediately  sonth  of 
that  of  Tohickon  Creek  and  of  a  portion  of  that  of  Perkiomen  Cr^t 
The  stream  flows  in  a  general  southeasterly  and  sontherly  eoiii». 
entering  Delaware  River  at  a  point  about  12  miles  abote  PhMtl 
phia.  The  point  of  measurement  is  at  the  forks  of  Big  and  littk 
Neshaminy  creeks.  The  drainage  area  at  this  point  is  139.3  aqiiii? 
miles,  of  which  128.2  al*e  cultivated  and  improved  and  11.1  mik? 
untillable  and  wooded.  The  daily  discliarges  from  lSS4tol9CCiar« 
given  in  Water-Supply  Paper  No.  47,  pa^^s  90  to  98.  The  foUoviJi^ 
table  of  daily  discharge  for  1902  was  furnished  by  Mr.  Codnun: 

Daily  discharge,  in  aecond-feet,  of  Neshaminy  Creek  below  the  forks,  Fnnqhisti': 


KL.L..1 
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inuitefi  monthly  discharge  of  Neshaminy  Creek  below  the  forks,  Pennsylvania, 

[Drainage  area,  ISO  square  miles.] 


Month. 


19Q2 

LTiary .  _ 

>ruary   

Tch . . . 

ril 

.y 

ae 

ly  --- 

ifplBt .  - . 

[)teinber 

tober -  - . 

»veinber 

cember 

The  year 


Discharge  in  seoond-feet. 


Maximum. 


Mean. 


Run-off. 


129 

21 

312 

.  15 

758 

12 

729 

26 

1,399 

13 

3,497 

102 

282 

42 

3,174 

140 

6,003 

12 

284 

877 

640 

267 

49 

62 

74 

108 

139 

550 

95 

676 

318 


Second-feet 
per  SQuare 

Depth  in 
inches. 

2.04 

2.35 

6.31 

6.57 

4.60 

5.30 

1.92 

2.14 

.35 

.40 

.45 

.50 

.53 

.61 

.78 

.90 

1.00 

1.12 

3.96 

4.57 

.68 

.76 

4.86 

5.60 

2.29 

30.82 

SCHUYLKILL  RIVER  NEAR  PHILADELPHIA,  PA. 

This  river  receives  the  drainage  of  the  portion  of  southeastern 
3nnsylvania  lying  between  the  I^ehigh  River  on  the  north  and  the 
isquehanna  River  on  the  south.  It  flows  in  a  general  southeasterly 
mrse,  emptying  into  Delaware  River,  the  city  of  Philadelphia  being 
CHted  at  the  junction  of  these  streams.  Records  of  the  height  of 
le  river  at  Fairmount  pool  have  been  kept  for  many  years,  but  not 
I  such  form  as  to  be  useful  in  computing  daily  discharges.  In  1898, 
owever,  careful  estimates  were  prepared  by  Mr.  Codman,  the  results 
eing  given  in  the  Twentieth  Annual  Report,  Part  IV,  page  97. 
The  figures  for  daily  discharge  in  the  following  table  do  not  repre- 
3nt  the  total  flow  of  the  stream,  but  the  amount  wasted  over  the  flash- 
oards  at  Fairmount  dam.  To  this  must  be  added  the  pumpage  from 
iie  river,  also  the  leakage,  and  also  the  quantity  used  for  power  at  Fair- 
iount.  The  total  discharge  is  given  at  foot  of  the  table  of  monthly 
3tal8  in  cubic  feet.  There  has  been  no  method  for  obtaining  the  daily 
ow  when  the  water  does  not  waste  over  the  flashboards.  When  the 
i^ater  is  below  the  overflow  line  recourse  is  had  to  pumping,  and  the 
Iraft  is  on  the  storage  of  the  pool.  As  soon  as  the  water  begins  to 
ise  after  a  rain  the  turbine  wheels  are  started,  and  thus  it  often 
occurs  that  no  water  flows  to  waste  for  from  one  to  three  months  in 
accession. 
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5S  1 


The  following  figures  for  1902  were  f urnLshed  by  Mr.  Codmaa. 

rktily  dim'hfirge,  in  Hecotui-feet,  of  Schuylkill  River  above  PhUaddpkia,  Pn^M 
the  amount  wasted  over  JUushboards  at  Faimunint  da^. 


Day. 


Ifftt. 


1. 

2. 

3- 

4- 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


Jan. 


1,817 

4,938 

3,814 

2.120 

1,634 

1,524 

1,849 

1,349 

1,349 

1,041 

1.041 

074 

387 

245 

119 

260 

119 

134 

92 

32 

1,005 

37.901 

22,919 

8.004 

4,166 

2,182 

3,280 

4,817 

2,349 

1,187 

953 


Feb. 


963 

1,964 

6.747 

4,566 

945 

600 

530 

44 


166 
92 

176 
44 


45 


78 


383 
17,369 
11,045 
<5.364 
5,446 
38.866 
:J7,172 
38,174 


Mar.  I  Apr. 


82,156 
25.172 
12,765 
5,297 
1,887 
1,216 
734 
1,200 
2,780 
10,078 
8,87:^ 
5,331 
5,200 
5,331 
5,331 
4,573 
5.958 
6,430 
4,666 
3,071 
3,040 
2,5n 

2,ias 

1,706 

1,364 

961 

702 

670 

1,634 

4,183 

4,183 


2.712 

1,819 

1,267 

1,306 

1,308 

1,308 

1,873 

5,726 

16,336 

13,019 

7,976 

5,260 

4,078 

3.125 

2,489 

1,887 

1,600 

1,302 

1,026 

880 

497 

239 

45 

302 

605 

423 

314 

314 

487 

1,246 


Bfay.  June 


1.537 

896 

006 

92 


92 


I 


46 
92 


637 
90S 
92 


119 


July,  i  Au^.  I    Sept.       UcL     Si.^    I» 


l.OO)  • 

ao5 


92 


416 
:P75 


4311 ; 

.   1,378 

8,358 

'   1,818 

107 


liCJ 


6.(s: 

4.«tl4 
2,300 

1,46 

3,b: 

9.53t 
4.4^ 

744 

11,: 


urn 

LfcC 
1,1*' 

n 

m 

12 


97 


184 


I    571 


315 
944 


2,104 
12.319 
6,818 
4.078 
2.584 


1      * 


7,614  j 

k; 

4,49i 

K  :- 

3.  ess 

IT.    .' 

2.100 

ir.  ;^ 

1.159  ; 

S!  .< : 

i,ore 

se  v-r 

81» 

♦5  :  r 

<r;6 

ir.  ".  ^ 

413 

25   ,-: 

2CI 

s  ir. 

190 

in  *  •' 

1» 

»  :■- 

184 

n  •• 

S85 

Tz    *• 

2S4 

XiC  ~ 

3,919 

a.»  ■- 

6,  MR 

l.E» 

3,407 

4"       ' 

2,443 

* 

Total  monthly  yield  of  Schuylkill  River  above  Philatielphiaj  Pa.,  for  /' 

Cubic  feet. 

January 14, 403, 100.  <w ' 

February 1 18, 278, 000,  (W 

March 34,2O3,3O0.0i« 

April lUeTB^oOO.iMi 

May 4,4O7,600,aiii' 

Jtme - 2,382.T00,C»"» 

Jnly -   - 3,589,900.0i«' 

August- - 3, 248, 400,  (w» 

September ._.  4, 383, 500.  W 

Octol)er - - _  12,^9,700.rt«^ 

November... ._.  5,741.800.fliW 

I>©cember _.  24,847,000,011) 
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SUSQUEHANNA  KIVEB  DllAINAGB  BASIN. 

The  North  Branch  of  this  river  rises  in  New  York  State  and  flows 
I  a  southwesterly  direction  until  it  crosses  the  Pennsylvania  State 
lie,  when  it  changes  its  course  to  the  southeast,  turns  again,  near 
^"ilkesbaiTe,  to  the  southwest  and  joins  the  West  Branch  on  the 
estem  border  of  Northumberland  County,  to  form  the  Susquehanna 
roi)er.  The  West  Branch  rises  in  Cambria  County,  Pa.,  and  flows 
1  a  general  northeasterly  direction  until  it  joins  the  North  Branch, 
leasurements  of  flow  of  the  North  Branch  are  made  at  Binghamton, 
L  Y.,  and  at  Wilkesbarre  and  at  Danville,  Pa.,  and  of  the  West 
►ranch  at  Allenwood  and  at  Williamsport,  Pa.  At  Binghamton  the 
^lieiiango  River  unites  with  the  North  Branch  of  the  Susquehanna 
nd  a  paging  station  is  located  at  this  place.  The  Juniata  River,  which 
ises  in  Center  County,  Pa.,  flows  into  the  Susquehanna  about  15 
liles  al>ove  Ilarrisburg.  Most  of  its  drainage  area  is  mountainous 
nd  covered  with  forest  growth.  A  gaging  station  is  located  on  this 
ranch  at  Newport,  about  15  miles  above  the  junction  of  the  river 
ritli  the  Susquehanna.  On  the  main  branch  of  the  Susquelianna 
liver  measurements  are  being  made  at  Ilarrisburg.  The  measure- 
nents  at  these  stations  are  made  by  E.  G.  Paul  and  R.  E.  Ilorton. 

CHENANGO  RIVER  AT  BINGHAMTON,  N.  Y. 


The  gage  on  this  stream  is  located  on  the  upstream  side  of  the  first 
pan  from  the  right  bank  of  Court  street  bridge,  in  Binghamton. 

It  consists  of  a  horizontal  wooden  box  containing  a  scale  graduated 
n  feet  and  tenths  to  15.5  feet,  secured  to  the  vertical  supports  of  the 
land  railing  b}'  means  of  U -bolts.  At  the  zero  end  of  the  scale  is 
daced  a  pulley  over  which  passes  the  weight  wire.  The  bench  mark 
s  a  circular  chisel  draft  in  upstream  corner  of  bridge  seat  on  left- 
land  abutment.  Elevation  of  bench  mark,  100  feet;  elevation  of 
vater  surface  wlien  gage  reads  zero,  65.98  feet. 

The  Court  street  bridge  stands  squarely  across  the  stream,  which 
uis  a  nearly  horizontal  bed  of  gravel  and  small  cobblestones,  afford- 
ng  a  smooth  uniform  current  for  gaging.  The  channel  is  obstructed 
>y  three  masonry  piers  supporting  the  four  spans  of  the  bridge,  79 
*eet  clear  width  each,  the  bridge  having  a  total  length  of  337  feet 
)etween  abutments.  The  bridge  is  situated  2,500  feet  al)ove  the 
nouth  of  Chenango  River.  A  small  rift  below  the  bridge  cuts  off 
tmck water  from  Susquehanna  River  at  ordinary  stages  of  the  ri vera. 
During  freshets,  when  the  gage  readings  may  1x3  affect^^d  by  backwater, 
making  them  appear  too  large,  check  readings  are  taken  at  De  For- 
(ist  sti-eet  bridge,  1.4  miles  upstream. 

During  1901  nine  current-meter  measurements  were  made  through 
the  cooperation  of  E.  C.  Murphy. 
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The  gage  reader,  E.  F.  Weeks,  takes  readings  of  the  river  sUjb^ 
twice  daily.  During  freshets  additional  readings  are  taken  »t  fi^ 
quent  intervals  at  the  Chenango  and  Susquehanna  stations  bvlbe 
United  States  Weather  Bureau,  of  which  W,  E.  Donaldson  is  ofidal 
in  charge  at  Binghamton. 

Three-fourths  mile  above  the  gage  is  located  the  dam  of  the  Biii:- 
hamton  Cold  Storage  Company.  Six  water  \%''heels  are  used  undt-r  * 
head  varying  from  zero  to  5  feet,  rated  at  a  total  of  150  horsepoirtr 
The  dam  is  a  low  structure,  giving  but  3-foot  fall.  It  consists  of  Ut^t- 
blocks  of  bluestone  laid  dry,  offering  numerous  leaks  and  crevi'r^ 
The  dam  affords  little  obstruction  to  the  flow  of  the  stream,  whiiv 
passes  the  gage  in  nearly  its  normal  regimen.^ 

The  flow  at  Binghamton  does  not  represent  tlie  entire  natural  res 
off  of  the  Chenango  drainage  basin,  as  a  portion  of  the  head wat<ei^  art- 
diverted  across  the  Chenango-Mohawk  divide  through  Oriskany  Citrk 
to  feed  the  Rome  or  summit  level  of  Erie  Canal.  ^ 

Additional  diversion  takes  place  from  the  headwaters  of  Tiougimio:^ 
River  through  Fayetteville  feeder.  De  Ruyter  reservoir,  at  the  hf»l 
of  the  feeder,  which  has  a  tributary  drainage  of  18  square  mCe^. 
receives  most  of  its  supply  from  across  the  Chenango  divide. 

Nominal  and  effective  drainage  areas  of  Chenango  Hivt^  dbtjre  Bi»^iami*f*'. 


Natural  drainage  area  above  Binghamton 1.5© 

Area  tributary  to  canal  storage  reservoirs 105 

Effective  area  above  Binghamton  during  navigation  seawm  ...  1,47T 


Discharge  measurements  of  Chenango  Ritfer  at  Bififfhamion^  X.  T. 


Date. 


Hydrographer. 


1901. 

July  29 I  E.  C.  Murphy 

July  29. ' do 

August  19 ] do 

August  19 do  .  _ 

July  2 .--[ do  _ 

July  9 do 

July  8 do 

October  19 ' do 

1 

October  19 ' do 


hei^t.<' 

1 

F^i. 

Stftmi-'*' 

5.21 

*«■ 

5.21 

if 

5.48 

'^ 

5.49 

"C" 

5.54 

N* 

5.71 

i4: 

5.78 

i.n 

5.81 

>i^' 

5.81 

•'*r 

a  See  description  of  Chenango  Hiver  in  *'  Report  on  water  power,*^  part  1,  Tenth  United 
Oensns,  1880,  Vol.  XVI,  pp.  583-686. 
bSee  description  of  Orlskany  Creek  station,  p.  79. 
cDatnm  elevation  6>.98  feet. 
<<  Subject  to  reyision. 
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'srha-rge  meagurements  of  Chenango  River  at  Binghamton,  X.  Y. — Contmned« 


Date. 


Hydrogrmpher. 


1902. 


E.  C.  Murphy 

..  -do 

...do  


agruBt  15 

u^ast  14 

ily  15 

Line  6 _ B.  E.  Horton. 

Illy  3 E.  C.  Murphy 

[arch  27 do 

[arch  28... do 

aly  1_ do 

[arch  29 do 

LUj^nst  3 do 


Gmto 
height. 


6.08 
«.30 
6. 56 
6.58 
7.16 
8.15 
8.21 
8.41 
8.75 
9.04 


Dischanre. 

Secand-fett. 
1,341 
1,608 
2,098 
2,407 
2,688 
4,201 
4,377 
4,815 
5,205 
5,543 


Mean  daily  gage  height^  in  feet,  of  Chenango  River  at  Binghamton,  N»  F.<» 


Day.               Jan. 

Feb. 

M.r 

Apr. 

Hay. 

Jane.  Jnly. 

Aug. 

I 

1901. 

' 

5.18 

2 

1 

••«•     *     |— .... 

5.08 

A 

1 

1 

5.10 

4 

1 

' 

5.10 

5                                                  '            1                          '           ' 

5  n 

6 ' ■ 

5.20 

7 .; 1 

1            1 

5.01 

« ;...J...... 

, 

1 
i 1 

5.10  i 

9 

5.20 

10 

1                      < 

5.90  ' 

11 

1                        1  '                   t 

5.23 

12 

1 



5.80 

Hi 

' i        ; 

5.18 

U 

5. 13 

15 

_ 

1 

5. 15 

16 

...... 

1 

. 

6.% 

17 

1 

1          .            1 

5.9r) 

18 

[ 

;           I 

5.00 

l» 

1 

1 

5.48 

ai) 

1 

i i 

5.40 

21 

1 

I 

5.55 

2* 

1 

5.58 
5.48 
6.70 

23 

[ 

1  

24 

1 

1 

1 

25 

1 

1 

6.20 

26 

1 
1 

5.65 

27 

I 

r 

5.38 

28 

1 

5.30 
5.25 
5.20 
5.20 

29 

1 

1 

30 

31 

1                     ' 

■ 

1 

1 



-  — 



1 -  ^  - 

5.58 

5.75 

5.58 

5.50 

5.43 

5.28 

5.23 

5.20 

5.18 

5.15 

5.15 

5.18 

5.30 

5.4K 

5.S5 

5.43 

5.53 

5.63 

5.55 

5.45 

5.45 

5.30 

5.23 

5.20 

5.25. 

5.24 

5.25 


5.15 

5.88 


5.70 
5.50 
5.52 
5.68 
5.55 
5.51 
5.45 
5.47 
5.40 
5.87 
5.34 
5.34 
5.42 
6.47 
6.41 
6.08 
5.80 
5.85 
5.80 
5.82 
5.78 
5.75 
5.70 
5.67 
5.57 
5.48 
5.45 
5.30 
5.40 
5.35 
5.30 


5.46 
5.31 
5.26 
5.28 
5.27 
5.25 
5.25 
5.23 
5.24 
5.21 
5.14 
5.26 
6.85 
6.45 
6.20 
6.11 
6.10 
6.06 
6.06 
6.00 
5.96 
5.96 
5.94 
6.72 
7.78 
7.19 
6.64 
6.06 
6.20 
6.33 


Dec. 


6.12 
6.33 
6.61 
6.52 
6.19 
5.95 
5.91 
6.08 
6.86 
9.64 
10.00 
8.82 

8. 48 

19.54 

18.02 

12.61 

9.42 

8.11 

7.40 

6.M 

6.07 

6.n 

8.18 
7.42 
6.89 
6.84 
6.10 
6.58 
7.20 
7.86 


a  Tables  give  actnal  gage  readingn.    Datum  changes  from  95.96  to  65.57  Auguot  21, 19QS. 
IBB  82—03 10 
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Mean  daily  gage  height ,  in  feet,  of  Chenango  River  at  Binghamtim,S.  }'-C'i;!( 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

Kay.!  Jane. 

July. 

Aug. 

1 
8.33 

Sept  Oct  S-T  I- 

1902. 
1 

6.88 
6.64 
6.74 
6.91 
6.65 
6.61 
6.62 
6.80 
6.28 
6.18 
6.14 
6.08 
5.87 
5.68 
6.89 
5.91 
5.80 
5.76 
5.78 
5.78 
5.67 
6.02 
8.24 
8.66 
7.68 
6.87 
6.86 
7.28 
7.39 
6.86 
6.41 

6.81 
6.86 
6.18 
6.34 
6.20 
6.19 
6.16 
6.20 
6.21 
6.08 
6.10 
5.99 
6.90 
5.84 
5.71 
5.87 
5.76 
5.78 
5.74 
5.71 
5.64 
5.67 
5.68 
5.67 
5.69 
5.73 
6.08 
8.42 

19.44 

83.83 

21.84 

17.16 

12.80 

9.98 

9.26 

9.08 

8.87 

9.45 

9.28 

11.80 

15.08 

15.  n 

14.17 

11.97 

15.87 

15.72 

13.10 

10.47 

9.40 

9.20 

9.32 

9.88 

8.90 

8.47 

8.15 

8.15 

8.90 

9.28 

8.97 

8.65 

8.61 

8.45 

,'    8.10 

,    7.88 

1    7.70 

'    7.60 

'    7.57 

,    6.12 

•    8.60 

8.97 

8.78 

6.58  1    6.80 
6.80      6.08 
6.80      5.95 
6.20  '    6.83 
6.80  '    6.96 
6.10      6.58 
6.10  '    6.30 
6.10'    6.30 
6.10      6.33 
6.98      6.30 
5.96  1    8.45 

8.50 

1 

:.3  ^fr  '.f 

2 

7.80    9.33   5.98 

'a  ^.*  '* 

3 

7.81    8.35   6O0'  T.U  :>   •" 

4 

5 

7.35    T.W   5.«    43  :6  '- 
7.06    7.2)   5.10 ;  i«  :*   '■' 

6 

7.88    6.88   5.88    43  :V   :.• 

7 

8.18   6.90  iB    :.«•  :ii   ■' 

8 : 

7.98 'its' 5.9),  1*  :•«   f» 

9 

7.73    6.68   5.ffl'  t»  i*   '" 

10 

7.80    6.45   6.»'  6.3  *>   '^ 

11 

9.15J6l40   6.53    6.»  i^^  "' 

12 

.VflOf    6.33      8.33,6.65   6.S !  6.»  ^*    '* 

13 

8.48    5.85      6.25      7.33    6.8) 

6.10   t«  ««:  •" 

14 

8.23    5.80  1    6.30     6.88 

6.9 

tOB    48)  (^<   "t 

16 

1    7.80    5.75      6.80     6.00 

6.13 

(KD    :.ff  «"  •' 

16 

7.48  1  5.70  1    6.18      0.48    6.10 
7.18  I  5.73  i    6.80     6.48    5.98 

5.90  ■  43  t»   •* 

17 

5.85  j  455  t'-i  ;' 

18 

7.06  '  5.70  i    6.10 
6.90    5.60      6.00 

6.40    5. 96 
6.73  .  5.88 

6.80 '  4fi  4V  I' 

19 

5.80,  4«'tJ'  '•' 

20 

6.80    6.75      6.00  ,  11.57    5.88 
6.70     6.00  '    5.96    14.98    6.15 
6.63     5.88  '    6.80    14.90    6.44 
6.60  i  5.T8      6.25    1340' 8.» 
6  38  '  5.83      6.08    12.88  j  6.33 

6.75    I.S  l«    •■'' 

21 

5.ni   :.»/'■  *^ 

22 

28 

5.79    tK  **     - 
5.3    4>  «^   " 

24 

6.73    43  «•'    ^' 

85 

6.80    5.95  1    5.98  '  11.35 
6.18  !  6.80      5.98  '    9.60 

6.88 
6.9 

5.T3  '  43  Iff'   ^ 

26 

5.9R    445  6^   ' 

87 

88 

6.18  '  6.68      6.10      8.50 
6.13!  6.30      6.08    11.50 

6.15 
6.23 

6.10  10.18  :."  • 

29 

6.13  16.80      6.65      9.58    6.18 

6.28     6.18     10.48     8.50    6.18 

'  «  I."!   '    9.18,6.10 

8.(u ,  iti5  :a   ' 

80 

6.88  ia«  •'^ 

31 

,  9.» • 

1 

1 

1 

I 

1          ■ ■ 

SUSQUEHANNA  RIVER  AT  BINOHAMTON,  N.  Y. 

A  gaging  station  was  established  on  this  stream  July  ^^ 


]t 


The  gage  is  located  on  the  upstream  side  of  the  left  8I»n^|;  ^^ 
Washington  street  bridge.  This  bridge  is  situated  »^"^  .^^^ 
upstream  from  the  junction  of  Chenango  and  SnsquehAnna  n|^^ 
A  rift  extends  diagonally  across  the  stream  underneath  the  ^^^ 
The  gage  stands  above  a  stretch  of  smooth  water  extending  w  |^^ 
crest  of  the  rift  to  the  dam,  2,800  feet  upstream,  and  ^^^^^^^^ 
ings  are  unaffected  by  backwater  from  Chenango  River »  o^^^ 
stages.  Owing  to  unfavorable  conditions  underneath  ^"^  '^|^ 
ton  street  bridge,  discharge  measurement-s  are  made  a  ^^^ , 
street  bridge,  1,900  feet  upstream.  -  The  gage  is  of  thewei, 
wire  variety,  reading  to  feet  and  tenths,  its  datum  being 
as  follows : 

Bench  mark,  chisel  draft  on  comer  left-hand  bridge  abutment. 
npstream  side,  elevation 

Elevation  water  surface,  when  gage  reads  aero 

The  gage  is  read  twice  daily  by  E,  F,  W^fcs. 


100.*' 


WEL.L.1 
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Tliere  are  no  tributaries  of  noticeable  magnitude  entering  between 
e  gaining  stations  on  the  Chenango  and  Susquehanna  rivers  at  Biug- 
imton  and  the  junction  of  the  two  streams.  Simultaneous  discharge 
easurements  of  the  two  streams  were  made  on  several  occasions. 
y  combining  the  flow  of  the  two  branches,  that  of  the  Susquehanna 
:*low  the  junction  at  Binghamton  has  been  obtained,  as  follows:** 
Hy  taking  levels  of  high-water  marks  furnished  by  the  mill  owners, 
le  following  data  relative  to  flood  discharge  of  Susquehanna  River 
ave  been  obtained : 

Flood  discharge  of  Susquehanna Kiver, 


Date. 


Depth  on 

crest  of 

present 

dam. 


farch,  1865 

lighest  since  1865  (prior  to  1901) 

898  and  1899.... 

901  (spring) 


Feet. 
13.8 

9.0 

9.0 

7.4 


Estimated 
discharge. 


Second-feet. 

41,000 
88,000 
88,000 


A  current-meter  measurement  made  at  the  highway  bridge  at  Union, 
S^.  Y.,  by  R.  E.  Horton,  June  6,  1902,  showed  a  discharge  of  5,475 
*econd-feet.  Elevation  of  water  surface  referred  to  Delaware,  Lack- 
iwanna  and  Western  Railroad  datum,  803.88.  The  drainage  area  at 
LTnion  is  4,032  square  miles.  The  accompanying  tables  show  the 
progress  of  the  floods  of  December  15-16,  1901,  and  March  1-2,  1902; 
Hie  latter  exceeded  all  known  previous  floods  except  that  of  1865. 
The  following  comparative  data  have  been  obtained  from  these  two 
floods  at  Binghamton  and  at  Union  highway  bridge,  8.8  miles  below 
the  gaging  station.  Elevations  were  referred  to  the  Delaware,  Lacka- 
wanna and  Western  Railroad  datum  or  mean  tide  at  Sandy  Hook. 

Elevation  of  uxiter  tturffwe  of  Susquehanna  River  at  Binghamton  aiui  Union. 


Flood. 


^RWh^r*  Elevation  at 
Bingham-  I      ^nlon.     1 


Fall. 


December  15-16, 1901 

March  1-2,  1902 

,1865 


835.67 
839.77 
840.00 


820. 59 

826.71 
827. 82 


Feet. 
15.08 

13.06 
12.18 


From  the  stage  and  slope  as  given  above  and  from  cross  sections 
obtained,  the  discharge  during  these  freshets  has  been  calculated  by 
means  of  the  Kutter  formula.     The  coefficient  of  roughness  n=0.040 


CI  See  description  Chenango  River,  page  148. 
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has  been  used,  this  value  having  been  calcu)at.ed  from  obsenred  ^lop»^ 
and  measured  discharges  at  lower  stages  of  the  stream. 

Flood  discharge  of  Susquehanna  River,  estimated  by  Kutter  farmnk. 


Flood. 


December  15-16.  1901 

March  1-2,  1902 

,1865 


67, 160  16.: 

104,470 
104,770 


f.!^ 


Toted  flow  of  Susquehanna  River  below  junction. 

1901.  Secnod^fM. 

Jtily2-3 --- - l.ne 

July  8-10 - . 1514 

Jnly  29-30 1,0« 

August  19-20 1.51» 

Do _ 1.5h 

Estimated  drainage  areas  of  Susquehanna  and  Chenango  rivers,  above  Bia^^- 

ton,  N.  F. 

.  Saaqnehanna  above  Oneonta _ ft* 

Susquehanna  above  month  of  Unadilla  River 9U 

Unadilla  River  above  junction  with  Susquehanna 565 

Susquehanna  River  below  mouth  of  Unadilla  River t. 479 

Susquehanna,  total  drainage  in  New  York  above  Chenango \.^^ 

Susquehanna,  drainage  in  Pennsylvania  above  Chenango 30^ 

Susquehanna  River,  total  above  Chenango  River 2,  ^^W 

Chenango  River  above  Chenango  Forks _ 6W 

Tioughnioga  River  above  junction  with  Chenango  River 7)3 

Chenango  River  below  mouth  of  Tioughnioga  River  _ 1, 44" 

Chenango  River  above  mouth 1,582 

Susquehanna  River  below  junction  of  Chenango  River 3.*<2 

The  Susquehanna  gage  is  located  a  short  distance  below  the  Bio: 
hainton  Water  Power  dam,  and  the  i-ecords  show  the  amount  p**-'^ 
by  the  turbines  or  wasting  over  spillway  eai*h  day.  The  ilam  *** 
built  in  1833  by  Whitney  and  Waterman.  In  1869  it  was  rfpair^l 
and  its  crest  raised  by  the  State  of  New  York,  and  it  now  fumb^h*^ 
water  power  to  four  mills  under  an  effective  head  of  6  feet. 

Watei^'Pincer  privileges  at  Susquefianna  River  dam,  Binghamtou,  S.  Y. 


Firm. 


Bnainees. 


H.  J.  Lyon*s  Sons t  Saw  and  planing  mill. 

Luke  Doolittle ;  Custom  grinding 

Binghamton  Box  Co Cigar  boxes 


Wilkinson  Manufactur- 
ing Co. 


Novelty  works 


Water  Tighten  etc. 


First  privilege,  niilimited. 
For  1  reaction  water  whfeL 
Specified   number  of  sqi*-^ 
inches. 
Do. 
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Tlie  following  tables  show  the  variation  of  the  gage  readings  during 
ne  floods  of  1901  and  1902: 

\iri€ttion8  in  gage  readings  during  flood  of  December  15-16,  1901,  at  Bingham- 

ton,  N,  y. 


Date. 


^eoemljer  15 


->eceiii'ber  16. 


December  17 


Suflqaehanna  Rlyer. 


Time. 


8.45  a.  m. 
12.80  p.m. 

5.80  p.  m. 

8.00  a.  m. 
11.00  a.m. 

4.30  p.m. 

7.50  a.m. 


Gkige. 


14.44 
14.94 
15.64 
14. 59 
14.19 
12.89 
10.29 


Chenango  River. 


Time. 


9.10  a.m. 
11.00  a.m. 

5.00  p.m. 

7.30  a.m. 
11.30  a.m. 

5.00  p.  m. 

7.20  a.  m. 

2.45  p.  m. 

4.50  p.  m. 


Gage. 


18.78 
19.45 
20.45 
18.63 
17.90 
16.50 
13. 73 
12.20 
11.90 


l^ttrintiowt  in  gage  readings  during  flood  of  March  l-S,  190S,  at  Binghamion,  N.  Y. 


Date. 


Febmary  28 


March  1 


March  2 


Snaqnebanna  River. 

Chenango 
Time. 

River. 

Time. 

Gtoge.o 

Gage. 

7.35  a.  m. 

3. 54 

7.15  a.  m. 

5.95 

2.00  p.m. 

5.44 

1.20  p.m. 

8.60 

4.30  p.  m. 

7.84 

5.00  p.  m. 

11.82 

7.25  a.  m. 

18.79 

7.05  a.  m. 

17.38 

9.00  a.  m. 

14.09 

8.45  a.  m. 

17.80 

10.50  a.  m. 

14.49 

10.40  a.  m. 

18.10 

1.30  p.m. 

14.99 

1.05  p.m. 

18.60 

8.10  p.m. 

15.19 

3.00  p.m. 

19.10 

5.00  p.m. 

16.54 

4.00  p.m. 

20.10 

7.20  p.m. 

17.59 

7.80  p.m. 

21.50 

7.40  a.  m. 

19.74 

8.00  a.  m. 

22.80 

10.80  a.  m. 

18.69 

11.00  a.m. 

22.60 

1.55  p.m. 

18.79 

1.35  p.m. 

22.60 

4.00  p.m. 

18.79 

4.20  p.m. 

22.70 

7.35  p.  m. 

18.99 

8.20  p.m. 

22.90 

10.30  p.m. 

28.10 

o  Referred  to  No.  1  or  original  gage. 
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Variations  in  gage  readings  during  flood  of  March  1-S^  ISOS^  at  Bir^^mitm, 

N,  F.— CJontinned. 


Date. 


March  3 


March  4 

March  5 
March  6 


Smqaehanna  River. 


Time. 


7.55  a.  m. 
9.15  a.  in. 
1.30  p.m. 
7.30  p.m. 


7.30  a.  m. 

14.89 

1.15  p.m. 

13. 74 

3.15  p.m. 

18. 34 

5.00  p.  m. 

12.99 

7.45  a.  m. 

10.19 

5.00  p.  m. 

8.49 

7.55  a.  m. 

6.79 

4.45  p.  m. 

6.24 

18.69 
18.39 
17.99 
16.99 


7.30  a.  m. 

9.00  a.m. 
11.30  a.m. 

1.00  p.m. 

3.40  p.  m.. 

7.00  p.  m. 

7.00  a.  m. 
12.00  a.m. 

3.25  p.  m. 

O.30  p.m. 

7.00  a.  m. 

4.30  p.m. 

7.30  a.m. 


21.  >f 

i:.3P 

tft.SB 

11.95 
10.? 


Discharge  measurenients  of  Susquehanna  River  at  Singhamfon.  S,  Y. 


Date. 


Hydro^rapher. 


Ga«e 


hei^l 


Disrow 


1901. 

July  30 _ ;  E.  C.  Murphy 

Angnst  30 do 

Do I do 

July  3 -- do  - - 

Jnly  10 do 

August  23 - do 

August  22... ' do .- 


Do.... 
August  21 

August  16 
August  15 
July  14  .. 
July  4  ... 
July  2  ... 
August  4- 
Augrust  3. 


1902. 


do 
do 


E.  C.  Murphy 
do 


do 
do 
do 
do 
do 


1.99 
3.09 
2.10 
2.12 
2.S5 
2.64 
2.94 
3.28 
4.64 


2.50 
2.61 
2.96 
3.90 
4.08 
4.59 
5.06 


•3,1^ 
lios 


a  All  gage  readings  reduced  to  original  gage  (No.  1) .    Da^am  —  79L89. 
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L>€i%ly  gage  height^  in  feet ^  of  Susqiiehanna  River  at  Binghamton,  N,  Y. « 


I>ay. 

Jan. 

Feb. 

Mar. 

Apr.  May.  June. 

Jnly. 

Ang. 

Sept. 

Oct. 

Nov. 

Deo. 

1901. 

l.S7i 

2.0 

1.95 

1.9 

1.9 

1.9 

1.9 

1.96 

1.96 

1.9 

1.971 

1.974 

1.95 

2.0 

1.974 

1.974 

2.0 

2.25 

2.2 

2.2 

2.26 

2.224 

2.2 

2.1 

2.074 

2.074 

2.0 

2.024 

2.1 

2.074 

2.05 

2.124 

2.2 

2.25 

2.4 

2.4 

2.374 

2.274 

2.2 

2.1 

2.1 

2.1 

2.074 

2.3 

2.574 
2.6 

2.75 
2.75 

2.724 

2.724 

8.7 

2.624 

2.6 

2.55 

2.6 

2.65 

2.574 

8.6 
2.67 
2.5 
2.5 
«8.52 
2.5 
2.5 
2.5 
2.47 
2.5 
2.47 

3.06 

■  !        1  ' 

3.05 

1 
1 

3.2 

1         ! 

3.18 

3.2 

1 

1                                  1 

1 

3.0 

1 

2.88 

»    -___.•...._••_..._._. 

1 

■ 

2.9 

1 .                   

1 

1 

8.0 

i _ 

1 

5.76 

1 

1 

6.68 

1 

1 

2.524   2.52 

5.88 

* 

I 

i 

2.55 

3.05 

2.624 

3.52 

5.18 

» ' 

2.7 

2.874 

2.95 

2.824 

2.8 

2.8 

2.824 

2.8 

2.75 

2.7 

2.65 

2.624 

2.624 

2.6 

2.6 

2.124 

3.35 

8.10 

3.0 

2.96 

2.92 

2.95 

2.96 

2.88 

2.86 

3.28 

3.98 

a5 

3.08 
2.8 
2.9 
2.95 

15.48 

5 

1 

14.3 

I ' 

1 

9.8 

H ' 

2.15 

6.82 

9 _ 

2.2 
2.1 

3.7 

4.85 

») 

3.05 

1... 

3.62 

a 

a  024 

3.32 

5K 

2.65 

4.55 

3.9 

3.25 

2.824 

2.5 

2.4 

2.3 

2.35 

4.3 

J4 

5.22 

g> 

' 

4.58 

K ' 

3.88 

1            1 
J7 ■ ' 

3.88 

» 1 

3.48 

a* 

3.45 

:«i ! ' 

3.25 

M ! ' 

1.95 

4.62 

1        1 

ft  Means  of  actnal  readings  of  gage.    Datum  as  follows: 

July  81, 1901,  to  September  26, 1901 76.29 

Septeml>er  27, 1901,  to  March  27, 1902 76.88 

After  March  27, 1902 75.65 
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Mean  daily  gage  height,  in  feet,  of  Susquehanna  Rirer  al  Bi^hamlo..  -V.  r.- 

Continned. 


JaB. 


Feb.    Mar.   Apr. 


May  .1  June  J  July.  1  Aug 


Sept  Oct.  S©v    l^. 


NORTH  BRANCH   OF  SUSQUEHANNA   RIVER    AT  WILKESBARRE,  PA. 

Observations  of  fluctuations  of  Susquehanna  River  are  made  by 
the  Weather  Bureau  above  Wilkesbarre,  at  Towanda,  Pa.,  ^rhereiht 
drainage  area  is  estimated  to  be  8,000  square  miles.  The  river  gage, 
made  of  iron  1  foot  wide  and  one-half  inch  thick,  is  on  the  easts^i*^ 
of  the  road  bridge  over  Susquehanna  River,  and  is  securely  bolt^  :<:• 
the  masonrj^  of  the  pier.  The  graduation  is  from  0  to  25  feet.  Tbf 
highest  water  was  29  feet  in  March,  1869,  and  the  lowest,  —0.1,  ie 
October,  1895.     The  danger  line  is  at  16  feet.     The  elevation  of  tb^ 

zero  is  633.7  feet. 

The  Wilkesbarre  station  was  established  by  E.  G.  Paul  on  Mant 
30,  1899,  and  is  located  at  the  Market  street  bridge.  The  gage  is » 
sash  chain  and  weight  inclosed  in  along,  narrow  box,  covering  12 f**^ 
of  the  scale  board.     The  scale  board  is  divided  into  feet  and  tenili^ 
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kUd  painted  the  color  of  the  ironwork.  The  length  of  the  chain  from 
ero  to  extreme  end  of  weight  is  40.83  feet.  The  initial  point  of 
oiinding  is  at  the  end  of  the  iron  guard  rail  on  the  left  bank.  The 
liantiel  is  straight  for  a  quarter  of  a  mile  above  and  below  the  sta- 
ion,  the  current  sluggish  but  unobstructed.  The  right  bank  is  low 
ind  liable  to  overflow;  the  left  bank  is  above  ordinary  floods.  The 
>ed  of  the  stream  is  of  sand  and  gravel,  somewhat  shifting.  The 
)baerver  is  W.  S.  Bennett,  Wilkesbarre,  Pa.  When  this  gage  was 
established  there  was  found  to  be  a  gage  painted  on  the  bridge  pier, 
>eing  a  portion  of  one  established  by  the  Weather  Bureau.  The 
ower  part  of  this  gage,  erected  in  January,  1808,  originally  consisted 
^f  heavy  cast-brass  plates  graduated  to  feet  and  t>enths.  The  gage 
[>lates  were  made  in  4-foot  sections  and  bolted  to  the  stone  bridge 
[>ier.  The  two  lower  sections  of  the  brass  plat^es  had  been  torn  away 
by  ice,  so  that  there  was  no  graduation  below  the  8-foot  mark,  but 
readings  were  made  by  the  figures  painted  on  the  stone  pier.  The 
jsero  of  this  old  gage  is  at  the  base  of  the  dressed-stone  portion  of  the 
pier,  and  is  reportetl  to  be.  535  feet  above  sea  level.  During  low 
stages  of  the  river  the  water  recedes  from  the  pier,  rendering  it 
impracticable  to  read  the  gage.  So  far  as  could  be  ascertained,  this 
has  not  been  connected  with  the  city  datum.  On  account  of  the  low 
water,  which  in  1897  had  gone  below  the  city  datum,  it  was  decided 
to  put  the  zero  of  the  new  gage  4  feet  below  the  zero  of  the  old 
Weather  Bureau  gage,  so  as  to  obviate  minus  readings.  In  order, 
therefore,  to  compare  with  former  records,  it  is  necessary  to  add  4 
feet  to  the  old  figures.  The  danger  mark  of  this  Weather  Bureau 
^age  is  at  14  feet,  or  18  feet  of  new  gage,  as  at  this  elevation  the 
west  bank  of  the  river  is  under  water  in  places.  River  reports  fi'om 
this  locality  were  furnished  as  early  as  1888.  During  low  water, 
measurements  were  made  by  wading  at  a  better  cross  section,  at 
Retreat,  10  miles  below  Wilkesbarre.  A  bench  mark  was  established 
September  26,  1900,  being  the  extreme  west  end  of  the  stone  doorsill 
of  the  north  entrance  to  the  Coal  Exchange  Building,  at  32.99  feet 
above  datum  of  the  gage.  During  1902  measurements  of  discharge 
were  made  by  Mr.  Paul,  as  follows: 

September  20:  Gage  height,  3.1  feet;  discharge,  2,170  second-feet. 
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Daily  gage  height,  in  feet,  of  North  Branch  Su^quehannn  River  at  iriasatem  .^ 


Day. 


Jan. 


1902. 


1. 

S. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

sa. 

22. 
23. 

24. 
25. 
26. 

27. 
.28- 
20. 
30. 
31. 


Feb. 


14.00 

12.70 

18.00 

11.40 

12.10 

10.80 

10.90 

10.70 

9.60 

8.fiO 

9.90 

7.00 

9.80 

9.10 

9.60 

9.80 

9.70 

9.60 

9.40 

9.40 

9.20 

9.00 

9.00 

9.00 

8.20 

9.00 

7.20 

8.30 

6.40 

8.00 

6.80 

8.20 

7.20 

7.80 

7.00 

7.70 

6.70 

7.20 

6.10 

6.60 

6.20 

6.60 

10.60 

6.50 

16.70 

6.40 

12.20 

7.20 

10.70 

7.20 

9.70 

7.70 

8.90 

8.80 

8.20 

14.08 

7.70 

7.60 

13.  an 

Mar. 


29.57 

30.76 

30.05 

25.25 

20.20 

14.65 

11.65 

10.70 

10.30 

11.00 

12.50 

14.80 

18.00 

19.60 

18.20 

15.80 

18.50 

20.20 

17.45 

14.30 

11.60 

10.20 

9.70 

9.60 

9.50 

9.00 

8.50 

8.00 

9.00 

10.40 

9.80 


July.    Ang.  -  Sept    Oet 


Bor.  fc- 


Rating  table  for  North  Branch  of  Susquehanna  River  at  Wilke^barre,  i^../'""  ' 


h?iX   i  Di^char^- 


Feet. 

Second-feet. 

2.2 

1,000 

2.4 

1,200 

2.6 

1,400 

2.8 

1,600 

3.0 

1,860 

3.2 

2,120 

3.4 

2,400 

3.6 

2,700 

3.8 

3,000 

4.0 

3,300 

4.2 

3,600 

4.4 

3,940 

Gage 
height. 

Feet. 
4.6 

4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 


Qai 


Discharge,  \    ^^^ 


Second-feet. 

4,340 

4,760 

5,200 

5,700 

6,250 

6,850 

7,560 

8,840 

9,240 

10,260 

11,360 

12,480 


Discharge. 


Feet. 
7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 


Secandrfeei. 
13,600 

16,400 

19.200 

22,000 

24,800 

27,600 

30,400 

33,200 

36,000 

38,800 

41,600 

44,400 


height 


13.0     ^^ 


18.5 

14.0, 

14.5 

15.0 

15.5 

16.0 

16.5 

17.0 


61. 5«' 
66.  N>' 


irEL.!,.] 


SUSQUEHANNA   RIVER   DRAINAGE    BASIN. 


155 


fi mated  monthly  dincharge  of  North  Branch  Suaquehanna  Rwer  at  Wilkes- 

barrCy  Pa. 

[Drainage  area,  9,810  square  miles.] 


Month. 


1902. 
nuar>'  . . 
hmary    .... 

irch 

>ril 

ay 

ine  - - 

iiy- -.- 

ngruflt 

l)teinber 

jtober 

ovember 

ecember 

The  year 


DiacihATge  in  second 

-feet. 
Mean. 

Rnn 

Seoond-feet 

per  aquare 

mile. 

i-off. 

Maximnm. 

Minimnm. 

Depth  in 
inches. 

67,920 

8,770 

27,128 

2.76 

3.19 

52,968 

10,260 

23,247 

2.37 

2.47 

146,768 

19,200 

59, 086 

6.02 

6.94 

62,880 

4,540 

21,633 

2.21 

2.47 

5, 450 

2,550 

3, 679 

.37 

.43 

5, 950 

3,000 

3, 732 

.38 

.42 

63,440 

5,450 

30.088 

3.07 

3.54 

36,560 

2,700 

9,069 

.92 

1.06 

34,320 

1,860 

4,511 

.46 

.51 

41,880 

4,340 

13, 878 

1.41 

1.63 

27,600 

8,450 

6,890 

.70 

.78 

73,240 
146, 768 

5,200* 
1,860 

26,138 

2.66 
1.94 

3.07 

19,090 

26.51 

NORTH   BRANCH   OF  SUSQUEHANNA   RIVER  AT  DANVILLE,  PA. 

This  station,  52  miles  below  Wilkesbarre  and  11  miles  above  the 
loiith  of  the  West  Branch,  was  established  on  March  25,  1899,  by 
'^.  (t.  Paul.  It  is  located  at  the  Mill  street  bridge,  600  feet  south  of  the 
mblic  square,  Danville,  Pa.  The  equipment  consists  of  a  standard 
hain  and  weight  gage  referred  to  a  horizontal  scale  board  graduated 
o  feet  and  tenths,  inclosed  in  a  lock  box  bolted  to  the  hand  rail  on 
he  lower  side  of  the  bridge,  200  feet  from  the  right  bank.  The  length 
►f  the  chain  from  the  zero  to  the  extreme  end  of  the  weight  is  42.85 
eet.  The  initial  point  of  soundings  is  at  the  end  of  the  wooden  hand 
ail  on  right  bank.  The  channel  is  straight  for  half  a  mile  above  and 
)elow  the  station.  The  left  bank  is  high,  but  the  right  bank  is  sub- 
ect  to  overflow.  The  bed  of  the  stream  is  rocky,  with  some  gravel, 
ind  is  unchangeable.  A  bench  mark  was  established,  being  the 
extreme  south  end  of  the  stone  doorsill  at  the  east  entrance  of  the  city 
altering  plant,  at  31.7  feet  above  datum  of  the  gage.  During  1902 
iwo  measurements  were  made  by  Mr.  Paul,  as  follows: 

April  22:  Gage  height,  5.25  feet;  discharge,  14,393  second-feet. 
September  10:  Gage  height,  2.75  feet;  discharge,  3,115  second-feet. 
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Daily  gage  height,  in  feet,  of  North  Branch  of  Suaquehanna  River  at  DamHUJ'i 


1 

D«y. 
1902. 

Jan.     Feb. 

1 

1 
6.60      4.85 
6.20  '    6.06 
5.40,     (a) 

5.60  1 

6.70  1 

'">  1 

«•  .  .  . 

8 



4... 
5-... 



6 

•* 
« . . . . 

....... .......... 

H . 

9 

10.60 
9.45 
9.10 
9.90 

(«) 

....... 

10 

* -..-- 

11 

■ 

12 



18 

14... 

15 

16 i 

17 1 

1 

18 1      ... 

19  ... 

. 

"t 

20 

1 

F 

21.  .                             1 

"   " 1 

1 

22 

16.90 
8.10 
9.45 
8.50 
7.40 
6.90 
6.75 
6.40 
6.20 
5.55 

23... 

..  .1 

24 

1 

25 

i 

26 

1 

27 

*       1 

28 

ia75 

29 

30 

31 

I 

Mar. 


20.67 

21.48 

26.07 

22.25 

18.20 

14.50 

10.75 

8.55 

8.35 

9.10 

10.25 

11.65 

14.15 

16. 15 

15.56 

13.95 

14.25 

16.60 

16.60 

12.80 

10.95 

8.90 

8.00 

6.40 

7.20 

7.10 

7.05 

6.65 

6.75 

8.15 

8.30 


Apr. 


7.86 
7.60 
7.40 
7.10 
6.66 
6.45 
6.30 
6.60 
7.aD 
11.90 

laio 

11.20 
9.75 
8.66 
7.70 
7.05 
6.60 
6.36 
6.16 
6.90 
5.45 
5.30 
5.10 
4.90 
4.70 
4.60 
4.30 
4.10 
4.00 
4.30 


May. 

Jane. 

4.40 

aso 

4.30 

3.40 

4.20 

aao 

4.20 

8.80 

4.20 

aao 

4.10 

aao 

4.00 

aao 

4.00 

aeo 

3.90 

a  TO 

3.80 

aso 

3.80 

3.50 

aTO 

aeo 

a  60 

3.50 

aso 

aso 

asT) 

aao 

a40 

a6o 

a30 
a3D 
a20 
a  10 
a  10 
a  10 
a  00 
a  00 
a2r) 
a30 
a  20 
a  30 
aso 
aso 
a  70 


aTo 

4.10 
4.00 
3.80 

aao 
a  70 
3.eo 
aso 

3.50 

aeo 
a  70 
aTo 
aso 

4.20 


July.    Ans.  Sept.  Oct-  Sot    I*,- 


«.10 
K.tt6 
7.40 
0.90 
6.90 

6.  go 

8.  SO 

11.90 

10.45 

7.«6 

7.25 

7.80 

7.90 

7.20 

5.56 

5.15 

4.85 

4.60 

4.40 

4.40 

5.30 

11.90 

12.00 

11.80 

10.90 

11.90 

10.  ao 

8.30 
8.00 
9.80 
8.90 


7,70 
7.15 

a.  70 

8.90 
7.» 
«.75 
5.85 
5.45 
5.90 
5.00 
4.70 
4.00 
4.50 
4.50 
4.40 
4.80 
4.10 
a80 
a70 
3.00 
3.50 

aso 

3.40 
3.40 
8.40 

aao 
aao 
aao 
aao 
a  10 
a  10 


a  10 
aoo 

aoo 

2.90 
2.90 

2.80 
2.80 
2.811 
2-7U 
3.90 

aoo 
a  10 
aoo 
a  10 
a  10 
aoo 

2.90 
2.80 
2.70 
2.90 

aao 
aao 

2.60 
2.50 

aao 

4.75 

a85 

8.90 
6.05 
7.95 


Km 

9.  IS 
9.05 

T.e 

6.15 

13D 
110 
6l9) 
5.» 
4.W 
5.4D 
6.01 
&.91 
.^S 
5.10 
5.10 
5. 00 

4.:o 

4.60 
4.90 
4.10 
4.20 
4.a[l 
4.20 
4.00 
5.60 
KVi 
9L7n 

ass 

8.20  ! 


&x 

&.« 

a6 
i» 

♦  « 

i» 
4» 
4.5' 
4.1" 
4(l> 

aft' 
i» 
a» 

aan 
a«) 

Iffi 

a* 

x» 
i.w 

49) 


49 

i; 

43 

4» 

4? 

4»- 

4*' 

4«' 

4" 

41 

19 

41 

i« 

:.i 

T  • 
«4 
>  !• 

V4< 

^  *■ 

14  < 
14  • 

:.  < 


oProKen  January  6  to 8, 13  to  21,  and  Febmary  3  to  27. 
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ting  table  for  North  Branch  of  Susquehanna  River  at  Danville y  Pa. ,  for  1902, 


Oage 
height. 

Discharge. 
Secfmd-feet. 

Gage 
'  height. 

Feet. 

EHflchai^e. 

Feet. 

Second-feet. 

8.0 

88,200 

16.0 

90,800 

8.5 

36,800 

16.5 

94,400 

9.0 

40,400 

.       17.0 

98,000 

9.5 

44,000 

17.5 

101,600 

10.0 

47,600  , 

18.0 

105,200 

10.5 

51,200 

18.5 

108,800 

11.0 

54,800  ' 

19.0 

112,400 

11.5 

58,400  ; 

19.5 

116,000 

12.0 

62,000 

20.0 

119,600 

13.5 

65,600 

20.5 

123,200 

18.0 

69,200 

.  21.0 

126,800 

13.5 

72,800 

21.5 

130,400 

14.0 

76,400 

22.0 

134,000 

14.5 

80,000 

15.0 

83,600 

15.5 

87,200 

stiinated  monthly  discharge  of  North  Braiush  of  Snsquehanna  River ,  at  Dan- 
ville ^  Pa. 

[Drainage  area,  11,070  square  miles.] 


Month. 


1902. 


'aniaary"  - 
•'ebmary" 

^arch 

\.pril 

ttay 

rune 

Tuly 

Angnst 

September. 
October  . . . 
November. 
December  _ 


Discharge  in  second-feet. 


Maximum. 


163,160 
69,920 
9, 525 
8, 575 
62,000 
38,240 
32,840 
45,440 
26,360 
82,160 


Minimum. 


Mean. 


^32.645 


23,480 
7,650  J 
3,900 
4,550 
9,525 
4,200 
2,500 
7,650 
5,600 
8, 575 


66, 215 
25, 183 

6,123 

6,032 
33, 550 
12, 498 

6,485 
20,594 

9,638 
28,637 


Ran-olf. 


Second- 
feet  per 
square 
mile. 


«'2.95 


Depth  in 
inches. 


'>2.08 


5. 98 
2.27 

.55 

.54 
3.03  ! 
1.13  ' 

.59  ' 
1.86 

.87 
2.59 


6.89 
2.53 

.63 

.60 
3.49 
1.30 

.66 
2.14 

.97 
2.99 


a  Frozen,  and  no  record  for  January  6  to  8, 18  to  21,  and  February  8  to  27. 
fr Partial  month;  19  days. 
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WEST  BRANCH  OF  SUSQUEHANNA   KIVER  AT  Wn^UAMSPOITE.  Pi 

Observations  of  the  water  height  on  the  West  Branch  have  M 
made  for  several  years  from  the  Market  street  bridge.  Bench  nark 
and  datam  for  observer's  gage  were  established  March  1, 1S95, uc:-: 
the  direction  of  Mr.  George  D.  Snyder,  city  engineer,  and  sinir  la- 
time  daily  gage  heights  have  been  observed.  F.  A.  Snyder,  :L- 
present  city  engineer,  supplies  this  office  with  daUy  gag^hfi;" 
reports.  On  August  16,  1901,  a  discharge  measurement  was  m^. 
and  a  United  States  Greological  Survey  standard  chun  gage  n- 
installed  on  the  upper  side  of  the  bridge,  for  convenience  inmakiji: 
the  daily  observations.  The  length  of  the  chain  from  the  zeroi^t: 
extreme  end  of  the  weight  is  42.29  feet.  A  bench  mark  cut  in  li-^ 
face  of  the  left  bank  abutment  is  10  feet  above  the  datnmof  thega.> 

The  following  discharge  measurements  were  made  duriog  \^^  V* 
E.  G.  Paul: 

April  20:  Gage  height,  3.9  feet;  discharge,  9,318  second-feet. 
September  18:  Gage  height,  0.41  feet;  dischai^,  1,006  second-feet. 

Daily  gage  height,  in  feet,  of  West  Branch  of  Susqiiehanna  River  ai  irfflw*^^ 

port.  Pa. 


Day. 


1902. 


8 
4 

5 

6 
7 
8 
9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

10 

20 

21 

22 

23 

2t 

25 

86 

27. 

28. 

29 

So. 

81. 


3.20 
2.00 
2.60 
2.50 
2.40 

2.;» 

2.80 
2.30 
2.40 
2.40 
2.40 
2.40 
2.40 
2.30 
3.10 
2.10 
2.0l» 
2.00 
1.80 
1.60 
2.00 
5.30 
6.73 
4.50 
4.30 
4.00 
4.30 
4.00 
3.00 
4.10 


4.30 
4.20 
5.00 
4.  TO 
4.50 
4.00 

aoo 

3.70 
8.60 
8.40 
3.80 
8.00 
2.00 
8.00 
2.60 
2.80 
2.10 
2.10 
2.50 
2.20 
1.00 
2.20 
1.00 
1.80 
1.80 
2.00 
8.10 
10.80 


^20.38 

,21.10 

116.45 

'is.  (JO 

]l0.00 

I  8.10 

I  6.80 

5.00 

5.80 

5.50 

6.30 

7.10 

9.60 

12.20 

10.80 

8.40 

ia80 

12.70 

10.00 

8.10 

6.80 

6.00 

5.40 

5.00 

4.50 

4.20 

aoo 
a  70 
aoo 

5.60 
6.20 


Apr. 


6.00 

a7o 

5.30 
4.00 
4.50 
4.30 
4.50 
4.70 

laao 

16.60 
12.00 
10.30 

a  40 

7.30 
6.80 
5.50 
5.00 
4.70 
I  4.30 

I  aoo 

'  4.40 

I  aso 
I  a20 

I  2.00 
I  2.80 

I  aso 

I  2.50 
i  2.40 
!  2.30 
!  2.50 


May 


U.,J 


June.ljuly.'Aug.  Sept  Oct.  S-t  .« 


2.50 

1.30 

8.30 

5.00 

aa) 

t:o 

1*1    ' 

2.60 

1.20 

7.40  '4.90 

.80   4.10 

I.:-'  :» 

2.40 

1.20 

6.40  1  4.60 

.30 ',  aw 

19    •• 

2,70 

1.10     0.7D    4.30 

.50   13) 

is;  :: 

2.70 

1.10  10.80  aso 

.30   2.40 

U-   '.♦ 

2.90 

1.80   8.60  aao 

.40   i» 

1*1  ^» 

2.90 

1.20  1  a80  ,  a  10 

.40    IS) 

11"  'J 

aao 

1.20  !  7.80 

aoo 

.40    130 

l.m   i' 

a40 

1.10    6.30;  2.80 

.40    iflO 

1 

l.f   '-' 

&S0 

1.00 

6.O0  !  2.60 

.»    l.» 

1,3'  :« 

8.00 

1.10 

7.70    2.40 

.SO    l.» 

1.1'  ^' 

2.m 

1.10 

7.20    2.20 

.50    1.411 

li-  :' 

2.00 

1.80 

6.30    2.50 

.60  i.ao 

13'    ' 

2.50 

1.40 

5.00 

2.10 

.50    !-«» 

l.r3    '* 

2.40 

i.ao 

4.20 

1.90 

.40  ,  ].» 

1.III     » 

2.20 

1.80 

aeo 

1.80 

.40    l.» 

Ifl'      ' 

2.00 

1.90 

a  10 

1.60 

.40  1 1.80 

.9-    '• 

1.90 

2.00 

aso 

1.50 

.40  1  l-3l» 

.*   " 

1.80 

2.00 

aTo 

1.40 

.30    1.4!) 

.»'    ■' 

1.70 

1.80 

4.40 

1.90 

.30    1.30 

.i^'     ' 

1.70 

1.80 

5.80 

1.20 

.»  '  l.» 

.?'    ••' 

1.70 

1.70 

a80 

1.40 

.20 

i.» 

1.60 

1.50 

6.80 

1.80 

.30 

1.10 

«• 

l.flO 

1.40 

6.70 

1.10 

.Sti 

W 

y  ' 

i.ao 

a.  60 

5.00 

1.00 

.30  1 1.00 

1  ai   ■  ■ 

1.00 

1.50 

580 

.90 

.90     .» 

Ijfl  -■ 

1.70 

1.90 

a  10 

.80 

lai    .» 

1.1^'  •-' 

1.80 

2.80 

5.50 

.40 

2.60 

1.30 

U'  *■ 

1.60 

2.60 

5.  SO 

.50 

2.80 

l.ff 

l.ii"  «♦ 

1.50 

4.80 

4.50 

.60 

130 

vm 

l.a    ' 

1.40 

5.20 

.50 

1.70 

;» 

a  Splash  on  dam. 
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WEST  BRANCH   OP  SUSQUEHANNA  RIVER  AT  ALLENWOOD,   PA. 


^wy^ 


The  West  Branch  of  Susquehanna  River  rises  in  Cambria  CouYity, 
*a.,  and  flows  in  a  general  northeasterly  direction,  meeting  the  North 
i  ranch  on  the  western  border  of  Northumberland  County  and  forming 
iisquehanna  River. 

Observations  of  height  of  water  on  the  West  Branch  have  been 
lade  by  the  weather  bureau  at  Lockhaven,  Pa.,  47  miles  alK)ve 
Lllen^vood.  The  drainage  area  is  given  as  3,740  square  miles,  and 
lie  w^idth  of  river  1,125  feet.  The*  gage  is  in  two  sections.  The  lower 
ection  is  painted  on  the  side  wall  of  the  canal  lock,  and  the  upper  is 
n  the  highway  bridge  over  the  river.  The  elevation  of  the  zero  is 
55.7  feet.  The  highest  water  was  18  feet,  on  June  1,  1889,  and  the 
anfjer  line  is  at  10  feet. 

Below  the  junction  of  the  North  and  West  Branches  of  Susque- 
anna  River  observations  have  been  made  of  height  of  water  by  the 
Veather  Bureau  at  Selins  Grove,  45  miles  above  Harrisburg.  The 
rainage  area  is  given  as  17,600  square  miles.  The  river  at  this  point 
3  about  1  mile  wide,  including  an  island  400  feet  wide.  The  gage  is 
►n  the  west  abutment  of  a  railroad  bridge. 

A  gaging  station  was  established  on  the  West  Branch  by  E.  G.  Paul 
m  March  25,  1899,  at  Allen  wood.  Pa.,  20  miles  above  the  junction 
v'ith  the  North  Branch.  Measurements  are  made  from  the  public 
lij^hway  bridge,  one-fourth  of  a  mile  east  of  the  railroad  station  at 
Vllenwood.  The  wire  gauge  is  42.15  feet  from  zero  to  the  end  of  the 
veight,  and  is  referred  to  a  pine-board  scale  fastened  to  ironwork  of 
he  bridge  and  divided  into  feet  and  tenths.  The  initial  point  of 
loundiugs  is  at  the  end  of  the  iron  guard  rail  on  the  right  bank.  The 
fhannel  is  straight  for  one-half  a  mile  above  and  below  the  station. 
rhe  current  is  sluggish,  but  unobstructed.  The  banks  are  low  and 
jiibject  to  overflow  at  time  of  high  water.  The  bed  of  the  stream  is 
•Qcky  and  constant.  The  observer  is  Frank  L.  Allen,  a  farmer,  living 
J(X)  feet  from  the  gage.  A  bench  mark  was  established  on  September 
24,  1900.  It  consists  of  a  copper  bolt  set  in  the  capstone  of  the  wing 
kvall  on  the  lower  side  of  the  west  end  of  the  bridge,  and  is  33.19  feet 
ibove  datum  of  the  gage. 

This  station  was  discontinued  in  April,  1902,  the  station  at  Wil- 
liamsport  taking  its  place. 

The  following  discharge  measurement  was  made  during  1902,  by 
Mr.  Paul: 

April,  21:  Gage  height,  4.4  feet:  discharge,  9,896  second-feet. 
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Daily  gage  height,  in  feet,  of  West  Branch  of  SuJtqtiehanna  River  at  AUenvijad  H 


Day. 
1902. 

•  Jan. 

1 

Feb. 
5.40 

1 

t 

1 

'  3.80 

2 

'  3.80 

5.20 

8.-.- 

,  8.80 

4.90 

4... 

!  3.80 

4.90 
4.90 
4.90 
4.80 
4.80 
4.80 
4.80 
4.80 
4.70 
4.70 
4.00 
4.60 
4.70 

5 

;  3.50 

6... 

4 

3.i50 

'  3.60 

8 

3.60 

9.... 

'  3.40 

10 

..,  3.40 

11  ... 

3.40 

12 

'  3.30 

18.... 

8.20 

14.... 

;  8.20 

16 

3.20 

16.... 

8.20 

1 

Jan. 

Feb. 

Var   AT 

3.  an 

4.70 

U* 

aifl 

i.TH 

Hi'! 

3.10 

170 

** 

3.10 

L7i 

;•» 

3.40 

4.70 

i% 

7.4D 

4.i9 

4r 

8.80 

SlSD 

i> 

&eo 

7.« 

iff 

ft.ao 

7.4D 

45  . 

6uaD 

5.  SO 

t*    . 

6.30 

i».9D 

4.^ 

5.9U 

9  70 

id!     . 

5.90 

i»    . 

5.80 

119 

5.48 

■   «.Ji    . 

JUNIATA  RIVER  AT  NEWPORT,  PA. 


Juniata  River  rises  in  Center  County,  Pa.,  and  flows  in  a  g^o*^"^ 
southeasterly  direction  into  Susquehanna  River  15  miles  above  Harr  * 
burg.  Its  drainage  area  is  mountainous  and  for  the  most  part  <■< 
ered  with  forest  growth.  The  station  was  established  at  Newjior? 
about  15  miles  above  its  junction  with  the  Susquehanna,  on  March:'! 
1899,  by  E.  G.  Paul.  It  is  at  the  covered  wagon  bridge,  800  feet  ei^' 
of  the  public  square,  Newport,  Pa.  Equipment  consists  of  a  standa^ 
chain-and- weight  gage  referred  to  a  horizontal  scale  board  graduitH 
to  feet  and  t<enths  inclosed  in  a  lock  box  attached  to  the  bridgi^  i:> 
bers  inside  of  the  structure  near  the  right  bank.  The  length  of '1" 
chain  from  the  zero  mark  to  the  extreme  end  of  the  weight  is  •  ■  - 
feet.  The  initial  point  of  soundings  is  at  the  end  of  the  woodwork 
the  bridge  on  the  right  bank.  The  channel  is  straight  for  half  a  ffi  ^' 
above  and  below  the  station.  The  current  is  swift  and  unotomci'^' 
The  banks  are  high  and  not  subject  to  overflow.  The  bed  of  i' 
stream  is  rocky  and  the  section  const<ant.  The  observer  is  A.  F^ 
Bortel,  a  laborer  living  in  Newport,  Pa.,  about  800  feet  from  the^rai-'' 
The  following  measurements  were  made  by  E.  G.  Paul  during  >- 

April  19:  Gage  height,  5  feet;  diacharge,  6,779  second-feet. 
September  17:  Gage  height,  2.84  feet;  disobarge,  734  aecond-feet. 


,  mm' *»>»'• 


•T"'***    •■  i**.m  ^- 
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Daily  gage  height^  in  feet,  of  Juniata  River  at  Newport y  Pa. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1902. 

6.40 
5.60 
6.00 
5.40 
4.80 
4.20 
4.20 
4.20 
4.10 
4.10 
4.10 
4.00 
3.90 
3.90 
3.70 
3.50 
3.80 
3.80 
7.60 
4.00 
4.00 
9.50 
8.20 
6.20 
5.00 
4.60 
5.70 
7.50 
5.60 
5.00 
4.50 

4.20 
4.20 
4.60 
3.90 
4.50 
3.60 
3.60 
3.70 
5.10 
5.80 
6.80 
5.70 
5.00 
4.50 
4.80 
5.10 
5.10 
5.10 
5.10 
4.90 
4.80 
4.80 
4.90 
4.40 
4.50 
9.00 
9.90 
14.90 

25.30 

19.50 

15.60 

12.00 

9.80 

7.10 

6.60 

6.00 

5.50 

6.20 

8.40 

9.50 

13.80 

14.10 

9.60 

9.00 

15.80 

12.60 

9.50 

8.00 

6.50 

6.00 

5.50 

5.50 

5.10 

5.00 

4.80 

4.50 

4.25 

5.80 

6.00 

5.80 
5.70 
5.40 
5.30 
5.00 
5.00 
5.20 
14.65 
18.50 
18.50 
12.60 
10.00 
8.10 
7.00 
6.50 
5.50 
5.00 
5.00 
4.90 
4.70 
4.60 
4.60 
4.40 
4.80 
4.20 
4.10 
3.80 
3.80 
4.00 
4.10 

4,00 
3.80 
3.80 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.70 
3.60 
3.50 
3.80 
3.80 

3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10 
3.20 
8.30 
3.30 

5.40 
6.80 
6.10 
6.40 
6.70 
5.00 
5.40 
5.00 
4.50 
4.80 
4.60 
4.00 
3.90 
3.90 
3.80 
3.60 
.3.60 
3.60 
3.60 
3.50 
3.60 
3.70 
3.60 
3.60 

4.40 
4.00 
8.50 
4.00 
4. 00 
4.00 
3.80 
3.80 
3.80 
4.00 
4.60 
3.90 
3.80 
3.60 
3.30 
3.40 
3.40 
3.30 
3.30 
8.20 
3.10 
3.20 
3.10 
3.30 

3.00 
8.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 
8.10 
3.10 
3.00 

4.90 
4.90 
3.50 
3.50 
3.60 
4.00 
4.00 
3.80 
3.50 
3.40 
3.40 
4.60 

4.00 
3.80 
3.70 
3.00 
8.60 
3.50 
3.40 
3.30 
3.40 
3.40 
3.40 
3.30 
3.30 
3.80 
8.80 
3.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.30 
3.50 
3.70 
3.80 
3.80 

1 

3.00 
3.60 

4.30 

. 

5.30 
5.50 

4.90 

4.50 

4.50 

4.20 

1               

4.40 
4.20 
5.30 

t               

3.00     6.40 
2.90     6.00 

7.70 

4.80 

2.90 
2.90 
2.90 
2.90 
2.80 
2.90 
2.90 
2.80 
2.80 
2.80 
3.00 
3.30 
4.20 
3.60 
3.50 
3.50 

4.70 
4.40 
4.00 
3.80 
3.80 
3.50 
3.40 
3.30 
3.40 
3.30 
3.20 
3.20 
3.20 
3.80 
5.70 
5.00 
4.40 

0.40 

\ 

3.30     4.81) 
3.40  \  3.80 
3.40     3.90 

6.80 

J          

7.70 
7.00 

3.40 

3.60 

6.40 

) 

3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.60 
3.40 
3.30 
3.30 
3.20 

3.30 
3.40 
3.10 
3.10 
3.10 
3.10 
4.00 
3.80 
3.90 
3.90 
4.70 
.  - . .  • . 

5.70 

I 

6.20 

> 

9.60 

}      

10.80 

i      

8.00 

w 

4.10     3.20 

7.40 

S. _ 

3.80 
3.50 
3.60 
3.60 
4.20 
4.20 

3.20 
2.90 
4.30 
4.70 
3.30 
2.90 

6.30 
5.80 

8 ^ 

» 

D      . 

5.30 

4.80 
4.70 

4.70 

Twn  fto      n* 

.1  1 
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l«jt 


Rating  table  for  Juniata  River  at  Newport^  Pa.,fvrlC0J2. 


QtLge 
height. 

Diacharge. 

1     Oaffo 
,  height. 

Ft-rt. 

1 
Discharge. 

Qaee 

hoi^TAt. 

reet. 

Discharge. 

'  hd^t 

Dsdan^ 

Fe^t. 

Secotid-feet, 

Secortd'/ert. 

Second-fett. 

Fttt, 

itfnw^/^.* 

2.4 

150 

5.0 

0,500 

7.6 

17,420 

13.5 

^?i' 

2.6 

350 

5.2 

7,340 

7.8 

18,260 

14.0 

44.3i»' 

2.8 

600 

5.4 

8,180 

8.0 

19,100 

U..J 

46.411.' 

3.0 

1,000 

5.6 

9,020 

8.5 

21,300 

15.0 

i%:*^' 

3.2 

1,400 

'      5.8 

1 

9,860 

9.0 

23,300 

15.5 

5(1. 6ii' 

3.4 

1,820 

1       6.0 

10,700 

9.5 

2.5,400 

16.0 

52,  > 

3.6 

2,270 

1 

,      6.2 

11,540 

10.0 

27,500 

16.5 

54, 86*.' 

3.8 

2,750 

6.4 

12,380     , 

10.5 

29,600 

17.0 

.)6.Sw.' 

4.0 

3,250 

6.6 

13,220 

11.0 

31,700 

17.5 

ai<»J 

4.2 

3,800 

,      6.8 

14,060     ' 

11.5 

33,800 

18.0 

61,1«' 

4.4 

4,400 

7.0 

14,900 
15,740     „ 

12.0 

35,900 

1 

4.6 

5,020 

7.2 

12.5 

38,000 

1 

1 

4.8 

5,720 

'      7.4 

16,580 

'i 

13.0 

40,100 

Estimated  vionthly  discharge  of  Juniata  River  at  Xewport,  Pd. 

[Drainage  area,  3,476  square  milee.] 


Discharge  in  seoond-feet. 


Riuhdr. 


Month. 


1902. 

Jannary 

February  . 

March 

April  . .    

May 

June 

July 

August 

September 

October 

November 

December 

The  year . 


Kaximum. 


91,760 


Minim  nm. 


25,400 

2,040 

48,080 

2,270 

91,760 

3,800 

63,200 

2,750 

3,250 

1,400 

5,360 

1,200 

13,640 

2,040 

5,360 

800 

8,800 

600 

1 

12,380 

1,400 

3,250 

1,400 

30,860 

2,270 

Mean. 


nme. 


7,096 

8,486 

23,604 

13,753 

2,194 

1,929 

4,801 

2,409 

1,092 

3,743 

1,867 

10,094 


600 


6,756 


2.04 

2.44 

6. 79 

3.96 

.63 

.56 

1.38 

.69 

.31 

1.08 

.54 

2.90 


1.94 


«.t 


SUSQUEHANNA  RIVER  AT  HARRISBURG,  PA. 

This  station  was  established  in  1890  by  E.  Mather,  president  oii^' 
Han-isburg  water  board. 
Observations  of  the  height  of  water  since  this  time  have  been  m^ 
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lie  {>uiiip  house  of  the  waterworks  located  in  the  western  part  of 

eity  of  llarrisburg,  Pa.,  this  being  about  55  miles  below  the  junc- 

II  of    tlie  north  and  west  branches.     A  float  is  located  in  the  pump 

II    eoii.iiecte<l  with  the  river,  which  indicates  the  height  of  water 

>ii   Hi    painted   scale.     The  datum  is  the  low- water  mark  of  1804. 

serv«.tions  are  made  by  the  engineer,  C.  M.  Nagle,  each  morning 

r<>re  »trtrting  the  pumps.     The  record  since  1890  has  been  furnished 

E.   !Matlier,  president  of  the  llarrisburg  water  board.     Measure- 

nts    of  discharge  are  made  from  the  oi)en  iron  bridge  on  Second 

eet.        The  initial  jxiint  for  soundings  is  the  iron  uj^right  on  the  east 

il  of    tilie  bridge.     The  stream  is  divided  into  two  channels,  with  a 

•j^e    island  between.     The  channel  above  and  below  the  station  is 

•iiij^lit  for  about  2,500  feet,  the  banks  high,  and  the  current  of 

Kler«i»t.e  velocity.     The  first  measurement  was  made  on  March  31, 

07,    l>y   E.  G.   Paul.     During  1002   Mr.   Paul  made  the  following 

:»sis  II  renients : 

A-pril  17:  Gage  height,  5.40  feet;  discharge,  60,5:U  second-feet. 
September  15:  Gage  height,  1.10  feet;  discharge,  6,982  second-feet. 

IMtily  gage  height ^  in  feet,  of  SustjueJiantia  River  at  Ilarriifburg,  Pa, 


i>»y. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnno. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1WJB2. 

5.35 

3.58 
3.66 

20. :« 

23.01 

6.25 
5.58 

2.75 
2.8;) 

1.75 
1.75 

:).58 
6.16 

5.83 
5.3:) 

1.25 
l.ffi 

4.83 
6.00 

5.50 
4.75 

2.41 

4.75 

2.41 

4.S^ 

3.50 

23.3!) 

5.33 

2.8:) 

1.66 

7.33 

5.60 

1.25 

5.91 

4.50 

2.68 

3.83 

3.25 

21.41 

5.00 

2.66 

1.66 

6.66 

6.2.'> 

1.25 

5.66 

4.00 

3.33 

8.00 

^.41 

16.33 

4.75 

2.«S 

1.66 

7.8:)     5.50 

1 

1.16 

4.06 

3.50 

3.75 

3.00 

2.00 

12.25 

4.50 

2.8:) 

1.66 

7.50  I  4.8:) 

1.08 

4.06 

:).50 

3.25 

:ioo 

6.08 

0.») 

4.50 

2.75 

1.50 

6.83 

4.50 

1.00 

4.66 

3.25 

3.60 

2.83 

5.25 

7.00 

4.60 

2.6(( 

1.25 

7.:)3 

4.00 

0.91 

4.41 

3.08 

3.41 

2. 75 

5.00 

5.25 

9.00 

2.66 

1.50 

8.50 

3.58 

0.91 

:).«) 

2.91 

3.41 

3.(1) 

5.08 

5.00 

14.66 

2.66 

1.58 

7.16 

3.25 

0.91 

:^.83 

2.75 

3.16 

2.01 
2.(i6 

5.3:) 

5.16 

6.66 
8.33 

14.16 
11.58 

2.6<) 

1.50 
1.50 

6.16 
6.16 

:).5() 

0.91 

8.50 
3.68 

2.«J 
2.41 

3.00 

3.58     1.25 

:).oo 

2.58 

4.83 

10.01 

10.01 

2.41 

1.50 

6.25 

3.25     1.25 

4.75 

2.41 

3.83 

2.25 

4.41 

13.41 

8.16 

2.3:) 

1.50 

5.50 

:).08     1.08 

4.8:) 

s.:*) 

3.66 

2.25 

2.25 

4.41 
4.25 

13.58 
12.00 

7.(W 
6.41 

2.25 
2.16 

1.75 
1.75 

4.58 
4.00 

2.83 
2.75 

1.16 
1.08 

3.75 
3.91 

2.33 
2.25 

4.00 

4.00 

2.10 

4.08 

12. 16 

5.66 

2.16 

2.25 

3.5) 

2.50 

1.08 

3.75 

2.16 

5.33 

_  __  .  _. ..... 

2.00 

3.83 

15.00 

5.08 

2.00 

2.41 

3.25 

2.50     1.00 

:).16 

2.16 

8.58 

) 

2.00 

3.75 

i:iU6 

4.  ii) 

1.8:) 

2.41 

3.25 

2.16  '  1.00 

3.33 

2.16 

8.33 

I 

2.16 

:3.75 

11.33 

4.41 

l.K) 

2.33 

3.16 

2.00 

1.00 

8.00 

1.91 

1.60 

L  _  __--- 

2.16 

3.75 

9.50 

4.08 

1.75 

2.16 

:13:)     2.00 

1.00     2.91 

1.8:) 

7.16 

J       _  _ 

5. 16 

4.  a) 

6.00 

3.83 

1.75 

2.16 

4.:)3 

1.91     0.01     2.66 

1 

1.75 

8.50 

) .- 

10.00 

4.(N) 

5.50 

3.50 

1.83 

2.16 

8.(W 

1.91     0.83 

2.58 

1.75 

12.60 

1 -     

6.75 

4.08 

5.3:) 

3.41 

1.60 

2.00 

8.()0 

1.75     0.8:) 

2.41 

\.m 

12.66 

> - 

6.50 

4.16 

5.3!) 

;i.25 

1.06 

2.a) 

7.25 

1.75  ]  O.K) 

2.25 

1.66 

11.50 

l«                    .._..... 

5.41 

6.41 
9.41 

4.66 
3.66 

3,00 
2.01 

1.66 
1.66 

3.00 
2.10 

7.75     1.58  ■  1.66  '  2.41  ' 
8.08     1.58     :).75  ,  2.*) 

1.91 
2.00 

8.25 

t>- 

7.---  ----------- 

6.08 

7.25 

rt-- 

5.33 

9.66 

3.66 

.1    mw 
S.  1.) 

1.66 

2.41 

6.8:) 

l.-W     5. 16,  2. 3:)  1 

•>  «>- 

6.16 

» 

5.:j3 

4.41 

2.75 

1.66 

2.41 

S.K) 

1.41     KM\  \  3.66 

2.3:) 

5.58 

il                        -........---••-- 

4.83 
3.91 

4.41 

5.:« 

2. 75 

1.66 
1.75 

:).oo 

6.16 
6.  Hi 

1.25     4.33  1 

5.06  1 
6.00 

2.41 

4.83 

If---- 

1 

1.25 

4.58 
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Rating  table  for  Susquehanna  River  at  HarrUimrg,  Pa.^forl^j: 


Gaffe 
height. 

Discharge. 

height. 

Discharge. 

1- 
Discharge. 

Feet. 

Sec.-ft. 

Feet. 

Sec.'ft. 

Jfe*t. 

Sec.'ft. 

,     Ftet. 

0.0 

2,500 

3.4 

27,925 

6.8 

83,970 

'      13.5 

3,iS,5^»' 

.2 

3,230 

3.6 

30,300 

7.0 

87,550 

14.0 

212X1. 

.4 

4,020 

3.8 

32,800 

7.2 

91.130 

14,5    221.Hi:" 

.6 

4,820 

4.0 

35,400 

7.4 

94,710 

15.0    'Mn 

.8 

5,720 

4.2 

38,100 

7.6 

98,290 

15.5   m> 

1.0 

6,880 

4.4 

41,100 

7.8 

101,870 

16.0 '  mc" 

1.2 

8,150 

4.6 

44,590 

8.0 

105,450 

16.5    257,  ft" 

1.4 

9,450 

4.8 

48,170 

8.5  1 

114,400 

17.0    266.  i>' 

1.6 

10, 750 

5.0 

51,750  1 

9.0 

123,  a50 

17.5 

370.5II' 

1.8 

12,300 

5.2 

55,330 

9.5 

1 

132,300 

18.0 

284.^3' 

2.0 

13,900 

5.4 

58,910 

10.0  ' 

141,250 

18.5    »l*' 

2.2 

15,500 

5.6 

62,490 

10.5  1 

1 

150,200 

19.0  m.v* 

2.4 

17,300 

5.8 

66,070 

11.0  , 

159,150 

19.5  1  311.5.' 

2.6 

19,300 

6.0 

69,650 

11.5  1 

168,100 

i      20.0 

m2S' 

2.8 

21,300 

6.2 

73,230  j 

12.0 

177,050 

20.5 

329.2i.i- 

3.0 

23,400 

6.4 

76, 810 

12.5 

186,000 

21.0    33?.l5i- 

3.2 

25,625 

6.6 

80,390 

13.0 

194,950 

21.5 

347,  ll«- 

rKLL..} 
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Estimated  monthly  discharge  of  Susquehanna  Rii^er  at  Harrisburg,  Pa. 

[Drainage  area,  24,080  square  miles.] 


Month. 


1902. 

inary    . 

bmairy   

jrdh. . 

ril    

ky 

Qe . 

ly  ---- 

ignst ... 

pt  ember 

t-ol>er 

>veiiiber . 

^cember  _ . .    . . 

The  year  . 


DiBcharsre  in  second-feet. 


Maximum. 


141,250 

134, 9a5 

390,060 

224,485 

21,800 

23,400 

114,400 

74, 125 

54, 435 

69, 650 

60,700 

188, 685 


390, 060 


Run-off. 


Minimum. 


13,900 

13,900 

30,900 

20,800 

11,125 

8, 475 

25, 050 

8, 475 

5,990 

15, 950 

11,125 

17,300 


5,990 


Mean. 

Second-feet 

per  square 

mile. 

37,243 

1.55 

47,0a5 

1.96 

146,782 

.      6.11 

68,458 

2.85 

15, 806 

.66 

13,314 

.55 

71,078 

2.96 

21,241 

1.13 

11,951 

.50 

36, 579 

1.52 

21,216 

.88 

64,016 
46,727 

2.66 

1.94 

Depth  in 
inches. 


1,79 
2.04 
7.04 
3.18 

.76 

.61 
3.41 
1.30 

.56 
1.75 

.98 
3.07 


26.49 


PATAP8CO  RIVER  AT  WOODSTOCK,  MD. 

Tbis  river  rises  in  the  north-central  part  of  Maryland,  flows  in  a 
mtheasterly  direction  between  Baltimore  and  Howard  counties,  and 
npties  into  Chesapeake  Bay  13  miles  below  Baltimore.  Its  drainage 
\tiin  is  a  hilly  country  largely  under  cultivation.  A  station  was 
itablished  at  Woodstock  August  6,  1896,  by  E.  G.  Paul.  Tiie  drain- 
^e  area  is  251  square  miles.  Measurements  are  made  from  the 
ninty  bridge  on  the  road  from  Woodstock  to  Granite,  Md.,  1^  miles 
elow  the  junction  with  the  North  Branch,  as  shown  on  the  Ellicott 
tlas  sheet.  The  scale  is  a  board  graduated  to  feet  and  tenths  with 
mall  nails,  and  fastened  to  the  floor  timber  of  the  bridge.  The 
encli  mark  is  a  United  States  Geological  Survey  standard  copper 
olt,  Ret  in  the  face  of  the  retaining  wall  of  the  entrance  to  the  college 
rounds  at  the  north  end  of  the  bridge.  It  is  22.06  feet  above  gage 
atum.  The  bridge  was  i-epaired  on  January  20-25,  1899,  and  the 
age  destroyed.  A  new  gage  was  established  on  January  30,  1899, 
nd  referred  to  the  same  bench  mark.  The  channel  is  rough  and 
oeky.  The  banks  are  high  and  not  subject  to  overflow.  At  a  time 
f  extreme  high  water  the  channel  is  liable  to  changes.  The  observer 
s  David  Donovan,  a  storekeeper  at  Woodstock,  Md. 

The  following  discharge  measurement  was  made  during  1902  by 
L  G.  Paul: 

Septemher  4:  Gage  height  3.70  feet;  discharge,  153  second-feet. 
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•  Si    ^ 


Daily  gage  height,  in  feet,  of  Patapsco  Ritier  at  Woodstock,  Md. 


Day. 


VMH. 


2.. 

3... 

4.. 

5.. 

6.. 

i 

8. 

U.. 
10.. 
11-. 
12.. 

i:).. 

14.. 
15.. 
16.. 


17. 
18. 
19. 

ao. 

21. 
22. 
23. 
24. 
25. 
20. 
27. 
28. 
29. 
30. 
31. 


1 

,  Jan. 

Feb. 

Mar. 

Apr. 

May 

.  Jane.  July. 

Aug.  S€pt. 

(let.   X<>T   > 

'  4.00 

4.90 

5.35 

4.65 

4.  .50 

3.85  '  4.30 

a  85     3.©    6.5D   i?&     »'• 

4.00 

4.1)5 

5.75  1  4.60 

4.45 

a75 

4.05  1  3.80  ,S.6[l    4.e   ITi     M 

4.00 

4.70    5.50  1  4.55 

4.45 

3.73 

a95    a75  *  a€5  4.*o  i-s  <; 

4.15 

4.65     5.15 

4.45 

4.45 

3.80 

3.95 

4.10  ,  .^75    4.1«J   3.4     *'■ 

4. 15 

4.55  1  5.15 

4.50 

4.35 

3.71)  1  3,8a  '  3.80    3.45    4.«5   3^5       C 

4.10 

4.45  1  .5.10 

4.65 

4.30 

3.70     3.81)  :  4.70    3.&)    3.»   1«5     *«. 

4.20 

4.35  1  5.00 

4.60 

4..% 

3.65      3.70  '  4.85     150    Xha    !•£     -•; 

4.2."» 

4.30  1  4.95 

7.20 

4.30 

4.85  ;  3.®     4.80  i  .^50    lf5    •i  TS     - 

4.3f) 

4.35     .5.15 

.5.50 

4.30 

4.05      a  65  1  4.60     4J6    3u~i    X*     •' 

4.20 

4.35     5.30 

5. 15 

4.. 30 

4.00  ;  a45  ,  4.30     4-06    aT3    .i>>     - 

4.20 

4.25     .5.25 

4.95 

4.25     3.90      3.T0  1  4.IR     3.6f)    .!»    a*-     .: 

4.20 

4.25     5.20 

4.  a-, 

4.30     S.K.')      aeO     3.75     a4^,3.H3    S^      '.4 

4.15 

4.35     5.40 

4.«5 

4.3f) 

aF5      3.70     a85     3.45 

a.>6  ss*  -v 

4.00 

4.70     5.20 

4.80 

4.30 

3.a)      S.itl     3.70  1  a.TO  1  3-»    i*'     ^i 

4. 15 

4.  .55     4.«) 

4.75 

4.25 

a 80     3.i*)  !  3.70    3.45    XfO   :tr     ir 

1  4.10 

4.60  !  5.10 

1 

4.75 

4.25 

4.16      3.70     3.73     3.  .15 

3l;5  jT'    ♦' 

14.10 

4.  .55     4.S5 

4.65 

4.20 

4.15    aoo!a6o!a45 

3.16  1*    r. 

1  4.10 

4.60 

4.90 

4.60 

4.L5 

4.05  }  3.80     aO)     .a  45 

3.i5    1*     «f 

4.10 

4.75     4.75 

4.60 

4.10 

4.10      a  €5  1  3.71)     a  40 

asn  3.*   r. 

4.05 

4..'i5  1  4.70 

4.55 

4.10 

4.00    3.65  1  s.f&   aai 

aw  3.:^   *' 

4.50 

1 

5.70  1  4.75 

4.50 

4.05 

4.50 

aTO  '  -aw  ,  a45 

3.;5  a~,    H' 

'  6.50 

6.50  '  4.55 

4.45 

4.10 

4.30 

a8o    aTO   asiTs  a*  n 

4.40 

.5.70  1  4.60 

4.45 

4.10 

4.05 

a85    aTO   .a55 

ass  I'S   i» 

4.25 

4.95  '  4..% 

4.45 

4.05 

3.90 

3.85    3.60   aao 

^71)    !»'     «- 

4.20 

1 

8.60  1  4.50 

4.40 

4.00 

4.25 

3.  TO     3.65     .a  SO 

a3  *.?'   " 

1  4.a'» 

5.75  1  4.45 

4.40 

3.95 

5.45 

3.80  !  3.65     .Tai) 

ars  4>   *» 

I  5.75 

13.50  1  4.55 

4.45 

3.90 

4.70     3.65     .a  60     4.a) 

aHO    4  9      *  • 

4.00 

1 

10.40  '  4.55 

4.40 

4.10 

4.35    aTti    3.80   a.« 

a 75  4.<i>    t: 

*  4.40 

\  4.75 

4.40 

4.00 

a  95 

aT5  t  a80     3.65     3.f5    4'B     <• 

4.30 

4.00 

1 

4.95 

3.95 

4.70 

3.95  .  3.70     a  60 

a^L^    3.a     1- 

4.0-> 

'  4..55 

1 

3.90 

1 

4.25     aTO  ' 

1 

Rating  table  for  Patapsco  River  at  WoodMack^  Md,,for  lT<fi. 


Gage 
height. 

1 

Discharge. 

1 
Si'c<pnd-/eet. 

Gage 
height. 

Diificharge. 

Gage 
height. 

Diachju-ge. 

11 

height. 

EfebATT 

Fcft. 

Feet. 

Second-feet. 

F^t. 

Sec(nui-feef. 

.'      F^t, 

ArniS/i-/ 

3.0 

50 

1 

4.8 

830 

6.6 

2, 615 

9.0 
9.5 

5.o::. 

3.2 

83 

5.0 

1,000 

6.8 

2,820 

:).>^ 

3.4 

122     , 

5.2 

1,200 

7.0 

3.025 

10.0 

fi.i* 

3.6 

173    : 

5.4 

1,400 

7.2 

3,229 

10. 5 

6.ft::: 

3.8 

235     ! 

5.6 

1,600 

7.4 

3,435 

U.O 

:.  I-: ' 

4.0 

310     , 

5.8 

1,800 

7.6 

3,540 

j      11.5 

:.^> 

4.2 

400    : 

6.0 

2,000 

7.8 

3,844 

12.0 

M-- 

4.4 

520     ; 

6.2 

2,205 

8.0 

4,050 

4.6 

670 

1 

6.4 

2,410 

8.5 

4,562 

IIWEL.!^.  ] 
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Estimated  monthly  discharge  of  Patapsco  River  at  Woodstocky  Md, 

[Dminaere  area^  251  flqnare  mileet.] 


Month. 


1902. 

ftnnaTy 

el>ruary  

[arcb 

^pril   

fay 

une 

uly ... 

Ln^^st 

ieptember 

>ctober 

•J^ovember 

December 

The  year 


Dischargre  in  eecond-teet. 


Mazimnm. 


2, 
9, 

1. 

1, 


1, 
2, 

1, 


307 
483 
550 
025 
450 
250 
355 
710 
500 
512 
750 
200 


9,483 


Minimum. 


235 
832 
425 
400 
200 
135 
91 
122 
111 
200 
200 
425 


91 


Mean. 


432 
1,348 
797 
649 
313 
805 
174 
225 
245 
351 
292 
651 


482 


Rnn-off. 


Socond-feet 

per  square 

mile. 


1.72 
5.38 
3.18 

2. 58 
1.24 
1.22 

.69 

.90 

.98 

1.40 

1.16 

2. 59 


1.92 


Depth  in 
inchen. 


1.98 
5.60 
3.67 
2.88 
1.43 
1.36 
.80 
1.04 
1.09 
1.61 
1.29 
2.99 


25. 74 


POTOMAC  RIVKR  DRAIXAGE  BASLN. 

l^otomac  River  is  formed  by  the  junction  of  the  North  and  South 
branches,  about  15  miles  below  Cumlierland,  Md.  Regular  gaging 
stations  have  been  maintained  on  the  Nortli  Branch  at  Piedmont, 
W.  Va.,  on  the  South  Branch  near  Springfield,  W.  Va.,  on  Antietam 
Creek  near  Sharpsburg,  Md.,  on  the  North  Branch  of  Shenandoah 
River  near  Riverton,  Ya.,  on  the  South  Branch  <;f  Shenandoah  River 
near  Front  Royal,  Va.,  on  Shenan<loah  River  at  Millville,  W.  Va.,  on 
Potomac  River  at  Point  of  Rocks,  Md.,  and  on  Monocacy  River  near 
Frederick,  Md. 

NORTH   BRANCH   OF  POTOMAC  RIVER  AT  PIEDMONT,  W.  VA. 


This  stream  rises  in  the  western  part  of  West  Virginia  and  flows  in 
a  northeasterly  direction,  forming  ihe  boundary  between  Maryland 
and  West  Virginia.  At  a  i)oint  about  15  mil  s  below  Cumberland  it 
is  joined  by  the  South  Branch,  forming  the  Potomac  River.  The 
drainage  area  is  mapped  on  Piedmont,  St.  George,  Accident,  Grants- 
ville,  and  Frostburg  atlas  sheets.  Systematic  measurements  of  dis- 
charge have  been  made  at  Piedmont,  W.  Va.  This  station,  estab- 
lished June  27,  1809,  by  E.  G.  Paul,  is  located  at  the  iron  highway 
bridge  connecting  Luke,  Md.,  with  Piedmont,  W.  Va.     The  equipment 


168 


STREAM   MEASUBEMENTS    IN   19Q2,  PABT  I. 


1%'t 


consist s  of  H  standard  chain-and-weight  gage,  referredtoiihorizi>rjA! 
scale  board  graduated  to  feet  and  tenths,  inclosed  in  lock-box  sieca^i 
by  ]H>lts  to  the  hand  rail  on  the  lower  side  of  the  bridge.  The  tnrk 
of  the  chain  from  the  zero  to  the  exti-eme  end  of  the  weight  is  A\\ 
feet.  The  channel  is  straight  for  an  eighth  of  a  mile  above  and  14* 
the  station.  The  current  Ls  swift  and  unobstructed.  The  right  laik 
is  higli  and  rocky,  but  the  left  bank  i^  low  and  liable  to  overfici 
The  ImmI  of  the  stream  is  rock^^  and  ]>ermanent  in  s  etion.  Tl/- 
olwerver  is  Charles  W.  Beck,  a  bookkeeper  at  Piedmont,  W.  Va. 

The  following  discharge  measurement  were  made  during  r.'"i.  l'[ 
E.  (;.  Paul : 

Angnst  19:  Gage  height,  2.14  feet;  discharge,  50  second-feet. 
IkiUy  gage  heights  in  feet^  of  North  Branch  of  Potomac  River  at  Piedmont  W.  1  '- 


Day. 


19US. 


Jan. 


Apr.   May. iJune.' July.' Ang.  Sept.  On  Nt 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 


14. 
15. 
16. 
17. 
IK. 
19- 

ao. 

21- 
22. 

2a. 

24. 

25. 
2G. 
27- 

28- 


29. 
30. 
81. 


4.45 

4.00 

4.3) 

3.«0 

3.55 

8.00 

3.60 

3.60 

8.46 

3.46 

3.40 

a30 

3.10 

3.20 

3.30 

3.10  I 

3.05  j 

2.90 

3.00 

2.90 ; 

2.90  ' 

2.90 

2.90  I 

3.00  I 

3.00 

3.30 

5.73 

6.00  I 

4.65  ' 

4.10 

4.05 


3.80 
;i60 
3.riO 
3.20 
a  40 
3.60 
3.60 
.3.40 
3.30 
3.20 
3.15 
3.15 
3.10 
3.05 
3.10 
3.00 
3.00 
3.00 
3.00 
2.86 
2.80 
2.80 
3.00 
3.05 
3.35 
6.55 
6.05 
10.60 


8.06 
7.10 
6.20 
5.40 
4.95 
4.50 
4.20 
4.20 
4.65 
4.95 
5.65 
6.85 
8.10 
6.60 
5.85 
5.86 
6.75 
5.65 
4.95 
4.60 
4.45 
4.60 
4.60 
4.60 
4.45 
4.25 
4.15 
4.20 
5.60 
5.30 
5.25 


4.90 

4.65 

4.40 

4.70 

5.05 

5.96 

6.20 

6.45 

5.86 

5.70 

6.20 

7.05 

6.25 

5.80 

6.56 

5.25 

5.10 

4.95 

4.65 

4.40 

4.26 

4.15 

4.25 

4.15 

3.80 

8.70 

3.66 

3.66 

8.60 

8.70 


a55 

3.40 
3.70 
3.70 
3.66 
8.45 

aeo 

3.40 
3.30 
a  20 
3.40 
3.25 
3.20 
3.16 
3.10 
3.10 
3.00 
3.00 
2.90 
3.45 
3.75 
3.46 
3.40 
3.30 
3.30 
360 
4.10 
4.00 
8.80 
360 
3.35 


a30 
3.20 
a  10 

aoo 
aoo 

2.86 
2.80 
2.85 
2.95 
2.86 
2.70 
2.70 
2.60 
a  10 

a90 

2.80 

2.70 

2.60 

2.60 

2.50 

2.60 

2.90 

2.70 

2.60 

2.40 

2.80 

3.00 

2.-IO 

2.60 

2.76 


4.75 
380 

aa5 

a  21) 
a  10 

2.95 
2.80 

a  05 
a  20 

2.96 

3.20 

3(5 

2.80 

2.70 

2.60 

2.60 

2.45 

2.40 

2.40 

2.65 

2.60 

2.60 

2.40 

a40 

2.30 

2.30 

2.30 

2.30 

2.30 

2.20 

2.30 


2.85  I  1.9D   1*  iff    ♦' 


3.*  IS' 

I 


2.70    1.90 

i.m  '  l.»    iJ6  ia" 

2.S0  2.(u!t:«  i*' 
2.50  *a»'i»  i*' 

2.90  2.35  •»  !*■ 
2.30  *»  1*  **' 
2,40!  2.10  tm  li' 
2.40  iOOJitfi^' 
2.45!2.0fi  2.#'i*' 
2.50  ,  2.00  ,  140  iS- 

2.40 '2.00 1  as  t» 

2.36  \  1.90  i'n^'iJ" 
2.30  I.90I3.3B  iS* 
2.a5  '-  1.90  8.U  i*' 
2.20  1.9[)!2J6  2*' 
2.20  1.90  tW  i*S 
2.20'  1.90  i^t)  iSi 
2.16,1.90.1^1  2*' 
2.10  '  1.91)  !•»  **' 
2.15  '  l.«)  iSO  *  * 
2.60  2.CI)  140  i*' 
2.40  2.00  140  iS' 
2. 3f J  2.00  1#)^* 
2.20  100  1411 '1^ 
2.10  1180    140   i<5 

2L10  i«'i«»:** 

2.00    165  I  («)  j^* 
1.90    140    ««)  l4* 


i  t. 
.1 


I"" 
If 
•i 

'A 
I. 


aOage  fhain  broken. 


rJELX..] 
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iititig  table  for  North  Branch  Potomac  River  at  Piedmont,  W.  Va.,for  1902, 


o 


age 


1.8 

2.0 

2.4 
2.6 
2.8 
8.0 
3.2 
3.4 


Dischargre. 


Second-jeet. 

34 
77 
124 
175 
230 
289 
352 
430 
525 


Gaffe 

leifirht. 


heigr 


Feet. 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 


Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

640 

5.4 

775 

5.6 

920 

5.8 

1,080 

6.0 

1,240 

6.2 

1,400 

6.4 

1,560  ; 

6.6 

1,720 

6.8 

1.880 

1 
1 

7.0 

DiBcbarge. 

Gage 
height. 

Second-feet. 

Feet. 

2,040 

7.2 

2,200 

7.4 

2,360 

7.6 

2,520     1 

7.8 

2,680 

1 

8.0 

2,840 

8.5 

3,000 

9.0 

3,160 

3, 320 

1 

Discharge. 
Secon/l-feet. 

3,480 
3,640 
3,800 
3,960 
4,120 
4, 520 
4,920 


EHtimated  vionthly  discharge  of  North  Branch  Potomac  River  at  Piedmont, 

W,  Va, 

9 

[Drainage  area,  400  square  miles.] 


Montii. 


1902. 

inuary 

ebruary 

[arch  _ 

pril _ 

[ay 

une 

uly 

Ltignst 

^ptember 

)ctober _ 

November 

December 

The  year 


Discharge  in  second-feet 


Run-off. 


Maximum. 


2,304 

6,120 

4,160 

3,360 

1,000 

475 

1,520 

305 

245 

705 

2,080 

3,800 


6,120 


Minimum. 


320 

289 

1,040 

610 

320 

175 

124 

55 

55 

175 

175 

552 


Mean. 


688 

809 

2,008 

1,666 

553 

292 

313 

153 

91 

288 

347 

1,516 


'TO. 


27 


Second-feet 

per  square 

mile. 


1.68 
1.98 
4.91 
4.07 
l.Si) 
.71 


.  i  i 


.37 


99 


.70 

.85 

3.71 


1.78 


Depth  in 
inches. 


1.94 

2.06 

5.66 

4.54 

1.56 

.79 

.89 

.43 

.25 

.81 

.95 

4.28 

24.16 
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SOUTH   BRANCH   OF  POTOMAC   RIVER  AT   SPRINGFIELD,  W.  TA. 

This  stream  rises  in  Highland  County,  W.  Va.,  and  flows  ia  •. 
northeasterly  direction,  joining  the  North  I$raneh  of  Poiomae  Rivp: 
alxmt  15  miles  below  Cumberland,  Md.,  forminir  Potomac  Rivr'. 
The  drainage  area  of  the  South  Branch  consists  of  long,  naiDf 
mountain  valleys,  sparsely  settled  and  little  cultivated,  being  for  '!*■ 
greater  part  eovere<l  with  timber.  The  region  being  free  from  manu- 
facturing industries  and  mining  operations,  no  iK>llution  of  the  wai^-*^ 
occurs.  A  gaging  station  was  established  at  the  railroad  bnd«^.  t 
miles  south  of  Springfield,  W.  Va.,  in  April,  1894,  by  Cyrus  C.  BaW*. 
but  was  discontinued  in  1896  for  want  of  an  observ'er.  The  pn^:* 
station,  established  June  26,  1899,  by  E.  G.  Paul,  is  located  on  \tr 
iron  highway  bridge,  one-fourth  of  a  mile  from  Graces  Station  auiti ' 
mile  from  Springfield.  The  wire  gage  is  39.4  feet  from  the  s-niv: 
the  extreme  end  of  the  weight  and  is  referred  to  a  scale  gradoiM 
to  feet  and  tenths  on  the  guard  rail  on  the  upper  side  of  the  brj> 
80  feet  from  the  abutment  on  the  left  bank.  The  channel  of  tl*^ 
stream  at  this  point  is  curved  and  the  current  too  sluggish  to  mik^ 
satisfactory  discharge  measurements,  and  they  are  therefore  ma^i- 
from  the  railroad  bridge  over  the  stream  1  mile  above.  The  observ-r 
is  John  E.  Grace,  of  Springfield,  W.  Va. 

On  February  2,  1902,  the  bridge  and  gage  were  carried  awav  by  tV 
ice,  and  the  station  was  discontinued. 

ANTIETAM  CREEK  NEAR  SHARPSBURG,  MD. 

This  stream  rises  in  the  western  jmrt  of  Maryland  and  flows' in  i 
southerly  direction,  entering  the  Potomac  10  miles  above  HArp«? 
Ferry.  Its  drainage  area  is  mostly  of  a  hilly  character  and  lan:»  j 
cultivated.  A  station  was  established  at  Myers  Mill,  1  mile  eASt  : 
Sharpsburg,  Md.,  on  the  road  to  Keedysville,  Md.,  on  Jnne  :i 
1897,  by  Arthur  P.  Davis.  The  measurements  are  made  fn^m  i 
three-fourths  inch  iron  cable  with  85-foot  span  supported  b}'  br:- 
trees  on  either  side  of  the  stream.  The  gage  is  a  post  driven  iiit<»  •^- 
gravel  of  the  stream  l>ed  and  bolted  to  an  overhanging  tree.  T- 
initial  i)oint  for  soundings  is  on  the  left  bank.  The  channel  !>' 
above  and  below  the  station  is  straight  for  300  feet.  The  right  l^ai* 
is  low  and  liable  to  overflow.  The  left  bank  is  high  and  rocky.  Tk- 
current  is  of  moderate  velocity  and  the  flow  unolistruct'ed. 

During  1902  the  following  measurement  was  made  by  E.  G.  Paa 

September  1:  Gage  height,  1.7  feet;  discharge,  126  second-feet. 
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I>(iily  gage  height,  in  feet,  of  Antietam  Creek  near  Sharpshiirg,  Md. 


I>ay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov.' 

Dec. 

1902. 

1 

1 

1 

2.90 

2.40 

7.00    2.90 

2.00 

2.10 

2.20 

2.60 

1.70 

1.70  ■  1.60 

1.80 

2.70 

2.40 

5.05 

2.90 

2.60 

2.20 

2.10 

2.40 

1.60 

1.80 

1.70 

2.40 

2.70 

2.eo 

4.60 

2.80 

2.60 

2.20 

2.10 

1.80 

1.60 

1.60 

1.70 

4.05 

2.  .50 

2.50 

3.90 

2.80 

2.60 

2.20 

2.00 

1.80 

1.70 

1.60 

1.60 

3.60 

2.40 

2.40 

4.00 

2.80     2.60 

2.10 

2.00 

1.90 

1.60 

2.80 

1.60 

2.60 

2.40 

2.80 

3.60 

2.70  ;  2.40 

2.10 

1.90 

1.90 

1.50 

2.10 

1.70 

2.60 

2.90 
2.80 
2.30 

2.20 
2.10 
2.10 

8.50     2.90    2.40 

2.10 
2.00 
2.00 

2.80 
8.70 
2.70 

1.90 

1.50 

1.90 

1.70 
L70 
1.70 

2  80 

3.50 
3.70 

3.90    2.40 
6.45     2.80 

1.70     1.40    1.70. 
1.70  '  l.eO     1.70 

2.10 

» 

1.80 

1 

2.;30 

2.30 

4.20 

4.45 

2.80 

2.00 

8.60 

1.60     1.60  !  1.60 

1.70 

1.90 

2.80 
2.20 

2.40 
2.29 

4.40 
4.40 

3.90 
3.60 

2.40 
290 

2.00 
2.10 

2.00 
2.00 

1.80 
1.80 

1.70 
1.60 

1.80 
1.80 

1.60 
1.60 

2.00 

0    -_.,....••-.---.--  —  ---- 

2.40 

{ 

2.20 
2.20 
2.10 
2.10 

2.30 
2.20 
2.20 
2.00 

4.80 
4.7V) 
3.90 
3.70 

3.60 
8.80 
3.20 

2.80 
2.30 
2.30 

2.20 
2.20 
2.20 
280 

1.80 
1.80 
1.80 
1.70 

1.70 
1.60 
1.60 
1.60 

1.70 
1.50 

2.10 
1.90 

1.60 
L60 
1.50 

2.80 

t 

2.70 

» 

1.40     1.80 

2.70 

* 

3.10  '  2.20 

1.60  1  1.70     1.60 

2.80 

■r 

2.10 
2.10 

2.20 
'    2.10 

5.10 
4.20 

3.10  ;  2.20 

2.40 

1.70 
1.70 

1.40  j  1.60  '  1.70  !  1.70 

4.10 

ft - 

3.00 

2.20    2.40 

1.40 

1.60     1.70 

1.70 

880 

9 

2.10 

1.90 

3.70 

2.90 

2.90    2.20 

2.40 

1.60 

1.60  '  1.60 

1.60 

3.80 

0 

2.10 
3.80 

2.00 
j    3.15 

3.60 
8.60 

2.90 
2.80 

2.40    2.30 

2.70 
1.80 

1.50 
2.00 

1.60     1.80 
l.iJO  1  1.70 

i.en 

1.60 

8.50 

1 

2.30 

2.80 

8.60 

2 

4.25 
2.70 
2.40 
2.40 

'    4.70 

8.eo 

3.50 
6.20 

3.40 
3.40 
3.40 
3.10 

2.80 
2.80 
2.70 
2.70 

2.80 
2.20 
2.20 
2.40 

2.00 
2.00 
2.00 
1.90 

1.80 
1.70 
1.70 
1.90 

2.00 
1.90 
1.70 
1.50 

1.40 
1.50 
1.70 
1.70 

1.70 
1.80 
1.70 
1.70 

1.50 
1.60 
1.50 
1.60 

3.80 

5J 

3.60 

*A - 

3.10 

J5 

3.10 

J6         

2.90 
'  4.25 

10.00 
5.15 

3.00 
3.00 

2.60 
2.60 

2.60 
2.20 

2.20 
2.20 

1.80 
1.80 

1.60 
1.60 

1.80 
2.90 

1.70 
1.70 

1.80 
2.20 

2.80 

27 - 

2.90 

W 

'  3.20 

7.45 

2.90 

2.60 

2.30 

2.20     1.70 

1.00 

1.60 

1.70 

2.10 

3.00 

2»    

2.70 
2.00 

1 

3.40 
3.10 

2.60 
2.70 

2.20 
2.20 

2.20 
2.40 

1.70 
1.90 

1.50 
1.50 

1.60 
1.50 

2.10 
1.80 

1.80 
2.30 

3.20 

a> 

3.10 

31 

2.40 

3.00 

2.20 

2.. 55 

1.00 

8.10 

1 

Hating  table  for  Antietam  Creek  near  Sharpsburg,  Md.^for  100::, 


Oaflpe 
height. 

Discharge. 

Gage     1 
height.   1 

1 

Diflrharge. 
Second-feet. 

Qage 
height. 

Difloharge. 

height. 

Di«chargo. 

Feet. 

Secorul-feet. 

Feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1.2 

38 

2.6 

416 

4.0 

1,215 

5.4 

2,013 

1.4 

60 

2.8 

485 

4.2 

1,329 

5.6 

2,127 

1.6 

95     1 

'       3.0 

560 

4.4 

1,443 

5.8 

2,241 

1.8 

154 

;      3.2 

665 

4.6 

1,557 

6.0 

2, 355 

2.0 

217 

3.4 

775 

;    4.8 

1,671 

2.2 

281 

3.6 

887 

5.0 

1,785 

1 

2.4 

348 

3.8 

1,001 

5.2 

1,899 

1 
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EHthnated  monthly  discharge  of  Antietatn  Creek  near  Sharp^rg,  JW, 

[Drainage  are&,  288  square  miles.  ] 


Month. 


1902. 


January 
February  . 

March 

April 

May 

June 

July 

AugUHt  .  .  . 

September 
October  . . . 
November 
December . 


The  year 


Discharge  in  neconc 

1 

i-fwt 
Mean. 

BmH^ 

1 
Maximnm.      Minimum. 

1 

miV. 

1           1,357 

249 

434 

1.48          IT. 

1          4,635 

\S5                787 

2.6S         iTv 

;          2, 925 

530 

1,094 

3.73          4? 

j           2,612 

416 

668 

2.38        '.:a 

]              520 

281 

33:) 

1.14  1        l-^. 

<              348 

185 

268 

.92          !.'■ 

830 

123 

238 

.81            .^' 

416 

60 

139 

.47           .-4 

314 

60 

102 

.35           > 

314 

95 

148 

.51 

314 

75 

123 

.42  i          '■>' 

1 

1.272 

154 

591 

2.02          i- 

4, 635 

60 

410 

1.40  ,       K.^ 

1 

El      aiT-irXTAXT 

rkr\  4  tr     x>T%r 

i7r>      A  vai    T>-i 

rTTi?i>»iviV    Vi 

This  stream  rises  in  Rockingham  County,  Va.>  and  flows  in  a  north 
easterly  direction,  joining  the  South  Bi'aneh  of  the  Shenandoah  ^^ 
Riverton,  Va.  The  station  was  established  at  Riverton  bj  A.  F 
Davis,  June  2<>,  1809.  Measurements  were  made  from  an  iron-^"^ 
cable  about  260  feet  in  span  stretched  across  the  river  on  ticiM 
supports  2  miles  northwest  of  Riverton.  The  station  is  most  eaNly 
reached  by  a  private  conveyance  from  Front  Royal,  Va.  Thegag^^? 
a  vertical  timber,  graduated  to  feet  and  tenths,  bolted  to  a  la^-? 
sycamore  tree  on  the  right  bank  of  the  stream.  The  initial  point ''•' 
soundings  is  on  the  right  bank.  The  channel  is  straight  above  ar.' 
below  the  station  for  about  600  feet.  The  banks  are  low  and  y^" 
to  overflow  in  time  of  high  water.  Bed  of  stream  is  rocky  and  f'l 
stant.  The  observer  is  L.  W.  Burke,  a  farmer,  Riverton,  Va,  T« 
observations  of  river  height  are  taken  daily.  On  September  10. 1" 
the  gage  was  moved  to  the  left  bank  of  the  river  and  it*?  dafof 
changed  1  foot,  causing  all  readings  to  be  increased  by  1  foot. 

The  gage  at  this  station  washed  out  in  the  flood  of  Febniary  t 
1902,  and  the  station  was  temporarily^  abandoned  until  Auijust  !• 
1902,  when  it  was  reestablished  by  Mr.  Paul,  the  zero  of  the  nev&^^ 
being  at  the  same  elevation  as  the  zero  of  the  former  gage. 
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The  following  discbarge  meapsurement  was  made  during  1902  by  Mr. 
ml: 

August  16:  Gage  height,  4.2  feet;  discharge,  256  second-feet. 

lily  g<M.ge  height,  in  feet,  of  North  Branch  of  Shenandoah  River  near  Riverton, 

Va. 


Day. 

Jan. 

Feb. 

Aug. 

Sept. 

4.05 
4.05 
4.10 
4.35 
4.10 
4.05 
4.00 
4.U5 
4.05 
4.10 
4.10 
4.10 
4.05 
4.00 
4.00 
8.90 
4.00 
4.00 
4.00 
4.00 
4.00 
4.05 
4.05 
4.10 
4.10 
4.10 
4.10 
4.05 
4.15 
4.20 

Oct. 

Nov. 

Dec. 

19U2. 

7.05 

6.20 

5.75 

5.40 

5.00 

4.90 

4.85 

4.80 

4.70 

4.68 

4.55 

4.50 

4.60 

4.55 

4.60 

4.55 

4.48 

4.35 

4.28 

4.20 

4.30 

5.40 

5.15 

4.75. 

4.60 

4.75 

5.00 

6.15 

5.50 

5.05 

4.96 

4.90 

7.88 
4.80 
5.20 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.50 
5.60 
5.50 
6.50 
5.50 
(«) 

(«) 

4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.30 
4.20 
4.15 
4.10 
4.15 
4.25 
4.30 
4.60 
4.35 
4.30 
4.25 
4.20 
4.20 
4.15 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.20 
4.20 
4.20 
4.20 

4.10 
4.15 
4.10 
4.10 
4.15 
4.20 
4.20 
4.10 
4.10 
4.10 
4.00 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.20 
4.20 
4.20 
4.30 
4.20 
4.20 
4.35 
5.00 
4.95 
5.20 
5.10 
5.00 

5.45 

5.75 

5.85 

5.90 

5.80 

5.80 

6.65 

m 

5.60 

5.30 

5.15 

5.06 

5.35 

5.25 

6.00 

6.80 

5.85 

4.20 
4.10 
4.30 
4.30 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.10 
4.10 
4.15 
4.10 
4.10 

8.16 

t 

7.66 

1                                                                     1 

7.10 

1 1 

6.75 
5.60 

1 

6  46 

\ 

I 

5.25 
5.20 

* 

t 

5.00 

5 ' 

4.95 

• 

4.85 

^ 

4.90 

J 

1 

5.00 

0 

1 

4.85 

I 

4.70 

1 

1 

a  Gage  washed  out  Feb.  22, 1902;  reestablished  Aug.  17, 1902. 
SOUTH  BRANCH  OP  SHENANDOAH   RIVER  AT  FRONT  ROYAL,  VA. 

• 

Tbis  stream  rises  in  Augusta  County,  Va.,  and  flows  in  a  north- 
easterly direction,  joining  the  North  Branch  of  the  Shenandoah  at 
Eiiverton  to  form  Shenandoah  River.  A  station  was  established  on 
ihe  South  Branch  by  A.  P.  Davis,  June  20,  1809.  The  measure- 
nents  of  flow  are  made  from  an  iron  wire  cable,  300  feet  in  span, 
stretched  across  the  stream  3  miles  southwest  of  Front  Royal,  Va. 
The  gage  is  a  vertical  timber  divided  into  feet  and  tenths  and  bolted 
to  the  trunk  of  a  tree  on  the  left  bank  of  the  stream.  The  initial 
point  for  sounding  is  on  the  left  bank.  The  channel  is  straight  GOO 
feet  above  and  below  the  station,  and  the  current  sluggish.    The  left 
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bank  is  low  and  liable  to  overflow.  The  bed  of  the  stream  is  rockv 
in  part,  with  pat<5hes  of  sand,  somewhat  shifting.  The  ob6en>r  e 
Miss  Brent  io  Johnson,  Front  Royal,  Va. 

The  following  discharge  measni*enient  was   made  during  11* l*  U 
Mr.  Paul. 

Angnst  15:  Gage  height,  4.2  feet;  discharge,  527  sfscond-feet. 

Dnily  gnye  height ^  in  feet,  of  South  Branch  of  Sheniindo€ih  River  at  Fr*'*t 

RoycU,  Va, 


Day. 


ifloe. 


3. 


8. 


10. 
11, 
12. 
13. 
U. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
20. 
30. 
81. 


Jan. 

Feb. 

Mar. 

9.50 

6.10 

23.50 

9.15 

5.25 

13.00 

8.30 

6.70 

9.90 

7.70 

6.06 

9.50 

8.40 

6.60 

8.90 

8.15 

5.90 

8.40 

8.00 

5.70 

7.95 

7.75 

6.90 

7.50 

7.55 

5.90 

9.10 

7.30 

5.70 

10.50 

6.55 

5.00 

13.25 

6.00 

6.10 

11.86 

5.00 

6.10 

10.10 

5.80 

5.75 

8.50 

5.75 

5.45 

8.10 

5.05 

5.50 

8.80 

5.55 

5.40 

8.45 

6.50 

5.35 

8.20 

5.50 

5.30 

7.80 

5.45 

5.25 

7.35 

5. 35 

5.20 

6.75 

0.30 

7.45 

6.45 

5.  TO 

6.20 

7.90 

5.30 

7.35 

7.90 

5.30 

11.00 

7.80 

5.25 

15.00 

7.70 

6.40 

20.00 

7.60 

7.30 

14.50 

7,45 

8.55 

6.56 

6.70 

6.70 

5.45 

6.66 

Apr. 


6.55 
6.45 
6.25 
6.15 
5.95 
7.40 
7.25 
7.70 
9.10 
10.50 
10.50 
9.60 
6.90 
6.75 
6.60 
6.45 
6.25 
6.15 
6.00 
6.20 
6.15 
6.00 
5.80 
5.70 
5.55 
5.50 
5.60 
5.&'> 
5.45 
5.40 


May.  I  June..  July.  Aug- 


ii.40 
5.35 
5.90 
6.50 
6.35 
6.15 
5.85 
5.65 
5.50 
5.35 
5.50 
5.45 
5.40 
5.40 

5.;io 

5.30 
5.30 
5.40 
5.40 
5.40 
5.30 
5.25 
5.20 
5.10 
5.20 
5.10 
5.10 
5.00 
4.90 
4.80 
4.75 


i  Sept..  Oct  5av    l*^ 

' I __ 


1 


4.90 
4.80 
4.75 
4.70 
4.00 
4.55 
4.50 
4.90 
4.90 
4.85 
4.80 
4.80 
4.70 

4.eo 

4.80 
4.80 
4.70 
4.65 
4.00 
4.55 
4.45 
4.80 
4.75 
4.70 
4.60 
4.50 
4.  SO 
4.40 
4.70 
4.70 


4.60 

I  4.55 

t  4.50 

'  4.45 

I  4.40 

I  4.50 

.  4.45 

'  4.40 

I  4.40 

4.30 

'  4.30 

I  4.20 

4.60 

4.00 

4.50 

4.50 

4.45 

4.40 

4.35 

4.50 

4.50 

4.40 

4.40 

4.9Q 

4.80 

4.20 

5.50 

5.35 

5.05 

4.75 

4.K 


4.40 
4.40 
4.60 
4.60 
4.60 
4.50 
4.50 
4.40 

4.ao 

4.40 

4.35 

4.30 

4.30 

4.20 

4.20 

4.15 

4.25 

4.30 

'  4.35 

I  4.35 

4.30 

'  4.20 

I  4.10 

,  4.20 

J  4. 15 

<  4.10 

4.10 

4.00 

4.00 

4.00 

4.00 


4.00 
3.95 

a9o 

3.90 

a85 

a8o 

3.80 

4.ai 

4.29 
4.10 
4.10 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.10 
3.90 
aH5 
3.80 
3.80 
4.00 
4.10 
4.1a 
4.20 
4.20 
4.20 
6.00 
5.» 


4.ai 

i  6.0) 
5.K) 
5.00 
4.XI 

'4.30 
4.90 

,  4.10 

4.55 

4.90 

4. 90 

5.30 

5,65 

5.35 

5.00 

465 
I 
•  4.45 

4.40 

I  4.40 

I  4.35 

I  4.30 

!  4.3D 

4.30 

4.35 

4.35 

4.40 

4.50 

4.35 

4.30 

4.30 


4S 
4.S 

L«) 
4-5ii 
4.9> 
4» 
4.8' 
19> 
4.3- 
4.3) 
4.5 
4.S 
4.S 
'4.S 
IK' 

4.s; 

4.* 
4.5P 


O 

>  ^ 

f  T. 
If 

*  ^ 

a 


4.S' 
5^73 

5.9) 


4.5R 
4.4» 
4.4^1   *> 
4.35     4* 

4.»" 

IS 

4.#) 


i* 

It 

it 
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9i</  t€tOle  for  South  Branch  of  SJienandoaJi  River  at  Front  Royal,  Va.,for  1902, 


DiiK'harge. 

1 

Gage 
height. 

Discharge. 

Gage 

j  height. 

DiiKihargo. 
Sectnid-feet . 

Gogo 
height. 

DiHcharge. 

>•«'/. 

i-iccund-feet. 

Feet. 

Second-feet. 

Feet. 

Feet. 

Second-feet. 

4.0 

360 

6.4 

8,100     ' 

10.0 

9,580 

16.0 

20,380 

4.2 

470 

6.6 

3,460 

10.5 

10,480 

16.5 

21,280 

4.4 

605 

6.8 

3,820     ' 

11.0 

11,380 

17.0 

22,180 

4,6 

750 

7.0 

4,180    j 

11.5 

12,280 

17.5 

23,080 

4.H 

915 

7.2 

4,540 

12.0 

13,180 

18.0 

23,980 

.">.  o 

1,100 

7.4 

4,900 

12.5 

14,080 

18. 5 

24,880 

5.2 

1,300 

7.6 

5, 260 

13.0 

14, 980 

19.0 

25, 780 

5.4 

1,520 

7.8 

5,620 

13.5 

15,880 

19. 5 

26,680 

5.G 

1,760 

8.0 

5,980 

14.0 

16, 780 

20.0 

27,580 

5.8 

2,050     i 

8.5 

6,880 

14.5 

17,680 

CO 

2,380 

9.0 

7,780 

,     15.0 

18,580 

0.3 

2,740 

9.5 

8,680    ! 

15.5 

19,480 

irn4it€'<l    vumthly  discharge  of  South  Branch  Shenandoah  River  at  JbYont 

Royal,  Va. 

[Drainage  area,  1,500  square  miles.] 


Month. 


1902 

Quary 

bruary 

irch 

iril  -  - - 

me .  -  . 

iiy-  - 

a^n^st 

iptemljer 

:3tc)ber 

ovemljer 

tH"ein"ber 

The  year 


DiHi:ha] 
Maximum. 

rge  in  second 

-feet." 
Mean. 

Run-off. 

Minimum. 

8econd-feet 

per  square 

mile. 

1 

Depth  in 
inches. 

1 

8,680 

1,355 

3,676 

2.34 

2.70 

27, 580 

1,300 

4,751 

3.03 

3.16 

33,880 

3,190 

7,844 

5.00 

5.76 

10,480 

1,520 

3,698 

2.36 

2.63 

3.280 

872 

1,558 

.99 

1.14 

1,005 

605 

822 

.52 

.58 

1,640 

470 

709 

.45 

.52 

750 

360 

527 

.34 

.39 

2,380 

275 

475 

.30 

.33 

2,380 

410 

835 

.53 

.61 

2, 830 

470 

756 

.48 

.54 

6,160 

1,410 

3,140 

2.00 

2.31 

33,880 

275 

2,899 

1.53 

20.67 
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SHENANDOAH   RIVER  AT   MIL.LVIL.L.E,  W.  VA. 

This  river,  forine<l  by  the  junction  of  the  North  Fork  and  the  S»a:i 
Fork  at  Riverton,  Va.,  flows  in  a  northeasterly  direction  intoW^v 
Virginia,  where  it  emx)tie8  into  the  Potomac  at  Harpers  Fern*. 

Observations  of  the  height  of  Potomac  River  at  the  jumriioL -f 
Shenandoah  River  have  been  made  by  the  Weather  Bureau  at  llr- 
pers  Ferry,  W.  Va.  The  gage  is  on  the  west  face  and  north  en^l  •  * 
the  second  abutment  of  the  old  railroad  bridge  from  the  West  ViipBk 
side  of  the  river.  It  is  of  Portland  cement,  15  inchejs  wide,  pla?4*-n^ 
on  the  face  of  the  pier  extending  to  32  feet,  and  continued  onth<*ir: 
upright  of  the  briilge  to  3G  feet.  The  top  surface  of  the  ^hj--t-:!i'*l: 
square  capstone  corresxH>nds  to  the  32-foot  mark  on  the  gag^.  1  .*• 
elevation  ij^.235.5  feet  above  mean  sea  level. 

A  station  was  esUiblished  at  Millville,  W.  Va.,  April  lo,  isic.  .- 
Shenandoali  River,  4  miles  above  its  mouth.  A  vertical  gagv  ^* 
,  placed  in  the  river  and  fastened  to  a  tree,  a  deep  not<ch  being  c\i\  \'~ 
the  tree  opposite  the  8-foot  mark.  The  ga^e  is  referred  to  a  brn- ' 
mark  consisting  of  a  copijer  bolt  driven  in  the  foot  of  a  large  sycamo 
tree  on  the  left  bank  of  the  river  150  feet  below  the  gage  rod,  at  a: 
elevation  of  6.78  feet  above  the  zero  mark  on  the  gage.  Mei.HU-** 
ments  are  made  from  a  cable  stretched  across  the  river.  Th*?  "p^ 
cable  was  carried  away  by  the  flood  of  18t>6,  and  a  new  three-foiir.L- 
inch  galvanized  iron- wire  cable  was  put  in  place  on  June  23, 1^* 
The  CAble,  about  500  feet  in  length,  is  supported  on  eit her  bank  ^J- 
large  sycamore  tree,  and  is  securely  anchored  on  both  sides,  1> 
channel  is  straight,  current  swift  and  unobstructed.  The  baiik>  *■> 
low  and  subject  to  overflow.     The  observer  is  ^V.  R.  Xicewamer. 

The  following  discharge  measurement  was  nia4le  during  !'.«-• 
E.  G.  Paul. 

August  17:  Gage  height,  0.7  feet;  discharge,  811  second-feet. 
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l>€xily  gage  lieigJit,  in  feet^  of  Shenandoah  River  at  MillviUe,  W.  Va. 


r>ay.                  , 

1 

1 
Jan. 

1 
Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

i9ae. 

7.40 
5.30 
4.50 
4.00 
3.60 

3.10 
2.85 
3.00 
3.00 
2.80 

14.25 
9.  a) 
7.20 
5.70 
5.00 

3.75 
3.40 
3.20 
3.10 
2.90 

2.20 
2.15 
•2.20 
2.25 
2.10 

1.45 
1.40 
1.35 
1.30 
1.30 

1.30 
1.20 
1.15 
1.10 
1.05 

0.90 
1.50 
1.90 
1.70 
1.30 

0.65 
.65 
.60 

.m 

.60 

0.90 
.85 
.80 
.70 
.90 

0.80 
.80 
.80 
.80 
.75 

2.70 

2.45 

3.10 

3,20 

1 

4.50 

3.25 

2.50 

4.50 

2.80 

2.05 

1.30 

1.10 

1.2(» 

.65 

1.00 

.75 

3.40 

_  _»»  ..._.*_»-..•■ 

3.  a) 

2.80 

4.20 

2.«) 

2.  a) 

1.40 

1.10 

1.10 

.60 

.80 

.70 

3.70 

2.85 

2.70 

4.20 

2.80 

4.00 

1.25 

1.05 

1.05 

.55 

.75 

.70 

3.20 

2.75 

«2.20 

5.60 

6.00 

2.70 

1.20 

1.05 

i.a) 

.60 

1.10 

.70 

2.90 

2.fi0 

«2.20 

7.80 

6.90 

2.40 

1.20 

1.00 

.90 

.55 

.90 

.(B 

2.65 

2.50 

«2.10 

8.00 

7.20 

2.10 

1.15 

.95 

.80 

.55 

l.(W 

.(R 

2.60 

2.40 

a2.20 

7.40 

6.20 

2.00 

1.10 

.90 

.80 

.55 

l.tt) 

.60 

2.35 

1 
_ . -- — •  - — .-1 

2.25 

«2. 10 

7.20 

5.60 

2.  a) 

1.10 

.90 

.80 

.50 

1.20 

.tt") 

2.80 

2.40 
2.20 
2.10 
2.00 

«2.()0 

«2.10 

1.50 

1.90 

7.00 
6.a) 

5.a) 
4.40 

1.95 
1.90 
1.80 
1.70 

1.00 
1.10 
1.20 
1.20 

.90 
.80 
.80 
.80 

.80 
.75 
.70 

.50 
.55 
.55 
.50 

1.75 
1.55 
1.30 

1.15 

.70 
.65 
.60 
.65 

3.40 

3.40 

1 

5.00  ;  3.90 
5.20  '  3.fl0 

3,40 

4.40 

1.90 

2,00 

5.90     3.40 

1.70 

1.10 

.80 

.70 

.50 

1.00 

.8») 

4.30 

1.86 
1.80 
1.90 
3.20 

2.00 
1.70 
1.00 
2.40 

5.00     3.20 
4,40  !  3.00 

1.75 
1.80 
1.75 
1.&5 

1.60 
1.40 
1.20 
1.20 

.75 
.75 

.80 
.80 

.85 

.80 
.80 
.80 

.50 
.55 
.60 
.GH) 

.90 

.85 

.80 
.90 
.80- 
.90 

4.00 

3.50 

4.10 
3.80 

2.80 
2.70 

r     3. 10 

2.90 

3.40 
2.90 
2.50 

4.(r> 
3.90 
4.70 

3.50 
3.20 

2.60 
2.50 

1.60 
1.00 
1.60 

1.10 
1.10 
1.20 

.80 
.75 
.75 

.80 
.80 
.80 

.(50 
.55 
.55 

.70 
.70 

1.00 
1.00 
1.00 

2.70 

2.50 

3.10  '  2.40 

2.  IX) 

2.30 

2. 95  1  2.:» 
2,80  ■  2.25 

1.60 
2.20 

1.20 
1.15 

.80 
1.00 

.75 
.70 

.60 
.60 

.70 
.65 

1.20 
2.00 

2.20 

2.60 

2.10 

I 

3.eo 

11. «) 

2.75  ,  2.2(» 
3.(10     2.20 

1.75 
1,60 

1.10 
1.3f) 

.90 
1.30 

.70 
.70 

.60 
.IS 

.90 

.85 

2.50 
2.40 

2.10 

} _ 

4.40 

2.10 

J        

3.00 
3.30 

- 

3.80  1  2.20 

1.55 
1.50 

1.40 

l.:« 

1.40 
loud; 

.65 
.65 

no  me 

l.(N) 
aMUi'ei 

.80 
.80 

uent. 

2.10 

1.90 

L 

3.90 

1.80 

a  Backed  b^ 

'  ice. 

T-RT?  ft^> ():i- 

\9. 
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Rating  table  for  Shenandoah  River  at  MiUvUle.  W.  Va.,  for  i:*l\ 


'»,K. 


Oase 
hoiglit. 

1 
Diflcban^.  1 

Second-feet.) 

,  height. 

Discharge. 

heiaS^ 

1 
Discharge. 

Oflce 

fWt. 

F>et. 

Second^/eet. 

Jf^>et, 

Seeond-feet. 

fM. 

0.4 

540 

i 

2.8 

4,160 

5.2 

10,960 

'     7.6      1^.^ 

.6 

740    - 

3.0 

4,600 

5.4 

11,600 

7.8  ,  11.^'- 

.8 

940    1 

3.2 

5,060 

5.6 

12,240 

1     8.0      19.5C» 

1.0 

1,140 

3.4 

5,540 

5.8 

12,880 

8.5      31.5* 

1.2 

1,370 

3.6 

6,050 

6.0 

13,530 

1     9.0   !  2?.:?' 

1.4 

1,650 

8.8 

6,600 

6.2 

14,160 

'     9.5      24.:^ 

1.6 

1,950    , 

4.0 

7,190 

6.4 

1 

14,800 

10.0   !  26.3S' 

1 

1.8 

2,260     , 

4.2 

7,790 

,       6.6 

15,440 

10.5     3:.«?' 

2.0 

2,600 

4.4 

8,410 

6.8 

16,080 

11.0      29,5.*' 

2.2 

2,960     1 

4.6 

9,040 

7.0 

16,720 

2.4 

3,340    I 

4.8 

9,680 

7.2 

17,360 

2.6 

3,740    ; 

1 

5.0 

10,320 

7.4 

18,000    , 

t 

Estimated  inonthly  discharge  of  Shenandoah  River  at  MQlvilU.  W.  U 

[Drainage  area.  £,906  square  miles.] 


Month. 


1902. 

January  _ 

Febmary 

March 

April  ._ 

May 

June 

July --- 

August 

September  ... 

October 

November 

December 

The  year . 


Discbarge  in  second-feet. 


Biuh€ 


Maximum. 


18,000 

29,520 

39,920 

17,360 

7,190 

1,725 

1,650 

2,430 

1,140 

2,180 

3,540 

8,720 


39, 920 


Minimam. 


Mean. 


Second-fert^  DefSl^ 
mile. 


2,260 

1,140 

4,055 

2,960 

1,800 

1,140 

890 

790 

640 

790 

740 

2,260 


640 


I 


4,998 
6,503 
11,551 
6,423 
2,613 
1,425 
1,122 
1,089 
728 
1,095 
1,209 
4,653 


3,618 


1.67' 

2,17 

3.86 

2.14 

.87 

.48 

.37 

.36 

.34 

.37 

.40 

1.55 


i'r 


4-- 


j'i 


1 ,1 


1.21 


i«.* 
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POTOMAC  RIVBB  AT  POINT  OF  ROCKS,  MD. 

This  Station  was  established  February  17,  1895,  at  the  toll  bridge 
^"er  tlie  Potomac  River  at  Point  of  Rocks.  It  has  been  described 
tid  results  of  measurements  have  been  given  in  the  various  annual 
sports  and  in  the  Water-Supply  and  Irrigation  Papers  containing 
?port8  of  the  oi>erations  at  river  stations.  More  or  less  difficulty 
a.s  been  experienced  with  the  wire  gage,  due  to  its  stretching,  and 
o  record  of  this  lengthening  has  been  noted.  A  thoi*ough  study  of 
le  cYutnges  of  the  gage  have  been  made  in  this  office,  based  on  meas- 
rements  and  on  a  study  of  the  average  depth  of  soundings,  with  the 
Rsult  that  it  has  been  found  necessary  to  modify  the  gage  heights  in 
rder  to  refer  them  to  a  common  datum.     This  has  also  necessitated 

revision  of  the  rating  table.  In  some  cases  it  has  been  impossible 
o  reduce  the  measurements  to  the  known  datum,  and  it  has  therefore 
►een  thought  best  to  discard  them  and  to  publish  here  only  such  gage 
lei^lits  and  discharge  measurements  as  e^uld  be  reduced  to  a  common 
Latum  and  on  which  reliance  can  be  placed  as  giving  a»  correct  esti- 
aate  of  the  discharge. 

As  originally  placed  the  gage  was  located  in  the  third  span  of  the 
>ridg:e  from  the  north  shore.  The  next  year  (1896)  the  wire  became 
-usted  and  broke  frequently,  and  a  new  wire  gage  was  placed  in  the 
iast  side  of  the  first  span  of  the  bridge,  but  it  was  referred  to  a  dif- 
lerent  datum.  During  1897  there  was  a  further  change  in  the  length 
>f  the  gage,  which  was  not  recorded,  and  therefore  it  has  been  neces- 
sary to  discard  the  records  during  those  two  years — that  is,  1896  and 
1897. 

On  January  25,  1898,  the  gage  wire  was  compared  with  the  bench 
mark,  and  the  observations  since  that  date  have  been  referred  to  this 
datum.  The  bench  mark  to  which  the  gage  has  been  referred  is  a 
copi>er  bolt  in  a  large  capstone  on  the  lower  wing  wall  of  the  north 
abutment,  about  10  feet  from  the  north  end  of  the  first  iron  truss,  and 
41.30  feet  above  the  datum  of  the  gage.  The  length  of  the  cable  of 
the  wire  gage  is  44.22  feet.  The  measurements  of  1895  are  consid- 
ered correct  within  themselves,  but  there  was  a  difference  between 
the  datum  of  that  gage  and  that  of  the  present  standard  of  0.4  foot, 
making  it  necessary  to  deduct  that  amount  from  the  gage  readings 
of  1895  in  order  to  reduce  them  to  the  present  datum. 

On  September  2,  1902,  a  standard  chain-and-weight  gage  was 
installed  at  this  station  to  take  the  place  of  the  wire  gage  then  in  use, 
and  is  referred  to  a  horizontal  scale  board  graduated  to  feet  and 
tenths,  inclosed  in  lock  box,  which  is  secured  by  bolts  to  the  end  rail 
of  the  lower  side  of  the  bridge  near  the  left  bank.  The  length  of  the 
chain  from  the  zero  to  the  extreme  end  of  the  weight  is  44.22  feet. 
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STREAM   MEASUREMENTS    IN    1902,  PART  I. 


'V.  i 


Ikiily  gage  height,  in  feet,  of  Potofnac  ^iver  tit  Point  of  Rocks,  Jf»l 


191 B! 

1 
r.                 Jan. 

Feb. 

! 

Mar. 

Apr. 

May. 

June.Ljaly 

.  Aug 

1 
:-  Sept.  LV1. 

KtT     II-. 

' 

! 

1 

11.70 

3.70 

22.50      5.70 

2.70 

l.W 

1.70     L70  ,  l.«t    l.Si    M'     i: 

2 



7.20 

3.50 

29.  (V)      5.00 

2.60 

1.80 

1,80  i  i.ef 

J  1    .9r)    1.3)    l.'i'     :* 

3 

.>»•••.      -_. 

.5.«) 

3.30 

16.10  ,    4.50 

2.60 

1.70 

1.80     1.90       -W    l.lH    L'l'     r» 

4 

4.80 

3.20 

10.20  ,    4.10 

2.60 

i.eo 

1.90     1.90  1    .90    UH    :  '•'     -^ 

5 

<....       _.- 

4.20 

2.80 

8.10  1    4.00     2.50 

1.60 

1.80  ,  2.a 

)       .90     1-lH    1  .1'     -.i 

A 

3.J 

)0 

2.40 
2.50 

6.70  1    3.80  1  2.50 
5.80  ,    4.00  '  2.50 

1.50      1.80  !  l.» 

I       .»'l.»il.«»'     <* 

7 

3..' 

1.30 

1.70  '  1.7C 

)       .*  1  Lfti     .»'     *.* 

8 

3.: 

30 
10 

2.ti0 
2.50 

6.70      6.45  >  2.40 
7.40     16.40     3.10 

1.50 

1-70     1.71 

\        .«>     l.W      .9'      !• 

0 



.   3.] 

1.40      l.eO      1.61 

>       .80    1.10     .»>     > 

10 

-  -       .  .  .  .  • 

3.0U 

2.50 

8.50     14.30  1  2.70 

1.40      1. 00     1.5(1 

)     .m  i.jd    ^»     ■» 

11 

2.} 

ro 

3.50 
4.(N) 

12.00     12.90     2.50 
12.40  1  12.2I>  ^  2.30 

1.40      l.&i  '  1.411 
1.40      1.50  :  l.ai 

)     .«) '  i.iiJ    ?i'     ; 

12 

--.. 2.' 

)     .80   i.m    *     ' 

1» 

2.50 

4.20 

14.00  ,  11.50  1  2.20 

1.3(1 

i.so    i.a 

1     .70   i.fli  n«    '« 

14 

......... 

...  2.:«) 

4.40 

13.80  1    9.30  ;  2.10 

1.40      1.50     l.fl] 

.H)     1.9P    !•»     •- 

15 

.  -  -       .      .  -  - 

2.10 

5.2() 

12.00  1    7.80  1  2,10 

1.40      1.40     1.211 

,    .70   ill!  HI'    ■'• 

1 

1« 

2.10 

5.40 

10.20      6.50  ,  2.00 

1.40    1.40    i.au 

.7»J    il»    l.««'     '■ 

17 

2.1 

10 
10 

5.50 
5.20 

8.20  1    5.90     1.90 
10.60  '    5.  a)  1  1.90 

1.30  1  1.30  '  1  *l 

.■H'    iw  1*    :? 

18 

2.1 

i.:iu  ■  1.30 

1.20 

.70    LH) 

]  ij-     "  > 

19 

2.10 

4.80 

8.70  '    4.90  '  1.90 

1.30    1.30    i.ao 

.70    l.W 

1  '•'     ' 

20 

2.10 

4.50 

6.60  '    4.60  '  2.60 

I 

l.:)0     1.30     1.20 

t    .Til    l.liiMi     ■'• 

21 

.-.. - 

2.30 

4.50 

5.50      4.00  '  2.00 

1.30    i.a>  1 1.10 

,70    1.3P     .»        - 

£2 

!  3.00 

5.00 

4.50  ,    3.50  '  2.a) 

1.30     1.4C>     1.10 

.70     1.10      t«'     »^ 

2} 

G.70 

7.00 

4.10 

3.30     1.90 

1.30  ,  1.40     1.10 

.7X)    i-«u:  .^'      • 

24 

'  5.20 

4.10 

3.80 

3.00  '  1.90 

1.30     1.30     1.10 

.70  ,    .9'      !^'       - 

25 

3.20 

4.40 

3.60 

2.90     l.fK) 

1.20     1.20     i.ao 

.911  '    .ffli    1.1'     '* 

2» 

3.<J0 

17.75 

a  50 

2.80  1  2.00 

1.40  ;  I.ao  j  I.ao 

.80      .91    1.3'     '- 

27 

3.50 

26.90 

3.50 

2.90  '  2.20 

1.50     1.10      1.10 

,Hi  '     ..HI     IS-         " 

28 

5.20 

19.00 

3.60 

2.80  '  2.00 

1.40  1   1.10      1.10 

.80     l.«»'3.'i»       ' 

29 

5.01) 

3.70 

2.70     1.90 

1.40      I.IU      1.20 

.80   i.do  ai«      • 

ao 

4.50 

4.30 

2,70 

1.90 

1.40      1.70 

1.10 

LOIM  1-10    1^'     -• 

81 

4.3 

» 

* 

6.40 

1.90 

l.WI 

1 

l.W 

1.10     .    .      -' 

1 

1 

1 

Ri 
Gage 

tting  table  fo 

r  Pot( 

QfLge 
(eight. 

Feft. 

>mac  J 

R?i?er 

atPc 

nnt  o/Rocks^  . 

Md.Jori: 

1 
Di.Ht^harge.  ' 

1 

I 

1 

1 
Disc] 

1 

1 
largpe.  ' 

1 

h?i^!rt.      Discharge. 

:  height. 

Feet. 

Secoiid-ftret  .\ 

1 
1 
I  Sra^nd-feet. 

Feet, 

Secoa€i-/eet . 

1 

Fttt, 

0.2 

455  .  '1 

2.6 

8,835     i 

1 

5.0 

22,700 

7.4     4<cr. 

.4 

570     1 

2.8 

1       9, 870 

5. 2         24, 040 

7.6    .    41.^' 

.6 

900  ; 

1 

3.0 

10,925            5.4         25,380 

'       7.8    '    43.fi:" 

.8 

1,356 

3.2 

11,990           5.6 

26, 720 

8.0        45,  ^S- 

1.0 

1,906 

3.4 

13,075     1       5.8 

28,080 

'        8.5        49.4?' 

1.2 

2, 556 

3.6 

14, 180 

6.0 

29,485 

9.0    1    .>1«^' 

1.4 

3,286 

3.8 

15, 305 

6.2 

30, 920     , 

9.5        o:.!^' 

1.6 

4,106     ; 

4.0 

16,450    ;|      6.4 

32,410 

10.0  ,  e.i5» 

1.8 

5,005  ; 

4.2 

17,620 

6.6 

33,930 

10.5    '    66,44^' 

2.0 

5, 925     ! 

4.4 

18,830 

6.8 

35,460 

11.0 

70.^' 

2.2 

6,a55     1 

4.6 

20,080 

7.0 

37,000 

2.4 

7, 825     1 

1 

4.8 

21,370 

2 

38,615 

W^KU..] 
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Eittiinttted  monthly  discharge  of  Potomae  River  at  Point  of  RocksMd. 

[Drainage  area,  9,6M  ftqnare  miles.] 


Month. 


1902. 


iimary 

i^bruary  _ . 

^arch 

pril 

[ay 

une 

nly 

LllgTlSt 

•eptember 

)ctober 

November- 
December  _ 


Discharge  in  second -feet. 


Maximnm. 


76,640 

205, 840 

223,690 

116,590 

11,455 

5, 005 

5,465 

5,925 

1,906 

6, 385 

13, 625 

61,340 


The  year 223 ,  690 


Minimnm. 


6,385 
7,825 
13, 625 
9^350 
5, 465 
2,556 
2,221 
1,906 
1,122 
1,356 
1,616 
8,835 


Mean. 


19, 079 

31,942 

54, 746 

32,232 

7,072 

3,413 

3,706 

3,210 

1,351 

2,906 

8,011 

21,382 


15, 338 


Ran-off. 


Second-feet 

per  sanare 

mile. 


1.98 

3.31 

5. 67 

3.34 

.73 

.35 

.38 

.33 

.14 

.30 

.31 


o  oo 


1.59 


Depth  in 
inches. 


2.28 

3.44 

6.54 

3.78 

.84 

.39 

.44 

.38 

.16 

.a5 

.35 
2.56 


21.46 


MONOCACY   BIVEB  NEAB  PBEDEBICK,  MD. 

Alonocacy  River  rises  in  the  south-central  part  of  Pennsylvania 
and  flows  in  a  s<nitherl3'  direction  through  Frederick  County,  Md., 
entenng  Potomac  River  near  the  Montgomery  County  line.     A  sta- 
tion was  established  by  E.  G.  Paul,  August  4, 1806,  at  the  county  iron 
bridge  on  the  turnpike,  4  miles  northeast  of  Frederick,  on  the  road 
leading  from  Frederick  to  Mount  Pleasant,  Md.,  and  about  2,00()  feet 
al)ove  the  mouth  of  Israel  (Veek  and  3,0()0  feet  -below  the  mouth  of 
Tuscarora  Creek,  as  shown  on  the  Frederick  atlas  sheet.     The  drain- 
age area  is  005  square  miles  at  this  i)oint  and  1,00()  square  miles  at 
the  mouth.     The  gage  is  attached  to  the  floor  tinil)er  on  the  lower 
side  of  the  bridge.     The  length  of  the  wire  is  35.20  feet.     The  bench 
mark  is  a  cross  cut  in  the  top  face  of  the  capstone  on  the  lower 
retainiftg  wall  of  the  bridge  abutment  on  the  right  bank  of  the  stream, 
and  is  20.17  feet  above  gage  datum. 

On  8epteml)er  3,  1002,  the  wire  gage  in  use  at  this  station  was 
replaced  by  a  standard  chain  and  weight  gage,  referred  to  a  horizontal 
scale  boanl  graduated  to  feet  and  tenths,  inclosed  in  a  lock  box,  which 
is  secured  to  the  floor  timlx^r  on  the  lower  side  of  the  bridge  100  feet 
from  the  right  bank,  by  lag  bolts.  The  length  of  the  chain  from  the 
zi»ro  to  the  extreme  end  of  the  weight  is  35. 20  feet. 
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The  stream  at  this  station  has  two  channels,  being  divided  br  i 
small,  low  island,  which  serves  as  a  foundation  for  the  middle  pier  rf 
the  bridge.  The  right  channel  is  measured  from  the  lower  side  of  ife 
bridge,  and  the  left  channel  from  the  upper  side,  as  these  sectiofti 
are  freer  from  rocks  than  a  continuous  section  on  either  side  of  \k 
bridge.  The  stream  is  subject  to  high  water  and  sadden  floods,  otia? 
to  the  character  of  its  upi>er  watershed.  The  ohser\er  ig  E.  L  Dm, 
a  farmer  near  Frederick,  Md. 

The  following  discharge  measurement  was  made  during  m  k 
E.  <;.  Paul: 

September  I;  Gage  height,  874  feet;  diacharge.  100  secxmd-fert. 
l>aily  gage  height,  in  feet,  of  Monocaey  River  near  Prederids,  Md. 


Day. 


Jan. 


IMK. 
1 

R.50 

2 

8.20 

3 

7.10 

4 

6.00 

5 

7.90 

6 

8.20 

7 

8.10 
7.fiO 
5.90 
5.50 
5.40 
5.40 
5.30 
5.30 
5.20 
5.10 
4.90 
4.90 
4.90 
4.90 
7.20 

18.05 
7.10 
6.90 
6.10 
6.90 

11.16 
7.60 
6.90 
6.50 
6.20 

8 

9 

10 

11 

13 

13 

U 

15 

16 

17 

18 

19.... 

20 

21 

22 

28 

24 

25 ' 

26 

27 1 

28 1 

29 

30 

31 

Wici-L.l 
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Hating  table  for  Monocacy  River  nexir  Frederick,  Md.^for  1902, 


i^eiSnt. 

Disctharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

DifKrharge. 

Gage 
height. 

Discharge. 

F^^t. 

Second-feet. 

>      Feet. 

Second-feet. 

Feet. 

Secmid-feet. 

Feet. 

Second-feet. 

3.6 

45 

6.2 

1,192 

10.0 

4,460 

16.5 

10, 050 

3.8 

90 

6.4 

1,364 

10.5 

4,890 

17.0 

10,480 

4.0 

150 

6.6 

1,536 

11.0 

5, 320 

17.5 

10, 910 

4.2 

210 

6.8 

1,708  1 

11.5 

5, 750 

18.0 

11,340 

4.4 

270 

7.0 

1,880 

12.0 

6, 180 

18.5 

11,770 

;       4.6 

340 

7.2 

2,052  ' 

12.5 

6,610 

19.0 

12,200 

4.8 

420 

7.4 

2,224 

13.0 

7,040  ' 

19.5 

18,060 

5  0 

500 

7.6 

2,396 

13. 5 

7,470 

!            5.2 

600 
700 
800 
900 
1,020 

7.8 
8.0 
8.5 
9.0 
9.5 

2,568 
2,740 
8,170 
8,600 

4,080 

1 

14.0 
14.5 
15.0 
15. 5 
16.0 

7,900 
8,330 
8,760 
9,190 
9,620 

1 

5.4 

5.6 

5.8 

6.0 

• 

1 

Estiviated  montJUy  dincharge  of  Monocacy  River  near  Frederick,  Md. 

[Drainage  area,  066  nqiiare  mllefi.] 


Month. 


1902. 

January - . 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year . 


Discharge  in  second-feet. 


Maximnm. 


11,383 

16,500 

17,532 

11,254 

600 

1,966 

1,794 

600 

3,686 

7,642 

3,944 

10, 566 


17,532 


Minimnm. 


460 
960 
800 
500 
240 
180 
120 
45 
27 
180 
210 
750 


Run-off. 


Mean. 


07 


1,918 

3, 645 

4, 398 

2,206 

358 

338 

351 

137 

215 

1,135 

567 

3, 835 


1,592 


Second-feet 

per  square 

mile. 


2.88 

5.48 

6.61 

3.32 

.54 

.51 

.53 

.21 

.32 

1.71 

.a5 


1).  t  t 


Depth  in 
inches. 


2.39 


3.32 

5.71 

7.62 

3.70 

.62 

.57 

.61 

.24 

.36 

1.97 

.95 

6.65 


32.32 
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JAMK8  RIVKR  BASIT^. 

James  Kiver.  like  tlio  Pc)U)iiiac,  risos  amon^  mountain  ridg^js,  h»\  :.z 
a  general  iiortlieastorly  and  southwesterly  treucl,  thetributariesflt>wiL: 
alon^  narn>w  valleys  and  finally  uniting  to  cut  the  mountain>  trau^ 
versely,  the  waters  es(*aping  in  a  southe^st-erly  direction  towanl  *b 
sea.  The  main  stream  is  formed  by  the  junction  of  Jackson  and  iv*. 
pasture  rivers,  lM)ih  of  these  rising  in  the  central  x^irt  of  the  we>t*-r, 
l)order  of  Virginia.  The  river  and  the  wat-or  jjowcrs  along  it  aw- 
fully deserilKMl  by  Prof,  (leorge  F.  Swain  in  bis  report  of  the  Wai^: 
Powers  of  the  Middle  Atlantic  Watershed,  pages  13-:^3,  containf»i  i 
Vol.  XVI  of  the  Tenth  Census. 

Keconls  of  measurements  have  l)een  kept  as  in  previous  yeai^''. 
North  (of  James)  River  at  (Glasgow,  Va. ;  on  James  River  at  HnehAnai 
Va.,  llolcomb  Roc»k,  Va.,  and  at  Cartersville,  Va.,  and  on  the  A[>]»- 
mattox  Iliver  at  Mattoax,  Va. 

The  description  of  the  stations,  together  witb  the  re<'onls  for  !•••:'. 
are  given  in  the  following  pages. 

N(^RTH   (of  JAMES)    RIVER  AT   GLASGOW,  VA. 

This  river  rises  on  the  western  slope  of  the  Shenandoah  Mouni-tiL*, 
and  flows  in  a  southeasterlv  direction  across  the  vallev  Ix^tween  :r:' 
ShcMiandoah  and  Blue  Ridge  ranges,  emptying  into  James  River  ab  .: 
17  miles  south  of  Lexingtcm,  Va.  Its  drainage  basin  is  largely  udI-' 
cultivation,  except  in  the  upper  part,  where  it  is  mountainoiLs  a'.  1 
covered  with  forest  growth.  This  station  was  establishe<l  at  the  E.X 
(rlasgow  County  bridge,  about  1  mile  alx>ve  the  mouth  of  North  Ri^''^ 
by  C.  C.  l^abb  and  D.  C\  Humphreys,  on  iVugust  21,  1805.  The  h«-:i:i 
of  water  is  o]>served  by  means  of  a  wire  gage,  the  lx>artl  lieing  "pU*^ 
on  the  guanl  rail  on  the  lower  side  of  the  bridge,  and  ^p:*Hduat4Hl  in  '♦»•• 
and  tenths.  This  gage  is  iH>f erred  to  a  tench  mark  at  the  top  of  t ;' 
toj)  chord  of  the  bridge  over  the  gage  pulley  at  an  elevation  of  -ii-^ 
feet.  The  distance  from  the  end  of  the  weight  to  the  marker  of  iV 
gage  is  27.S(>  feet.  The  measurements  of  discharge  are  made  from  :i  - 
bridge,  tlu^  iuH.ial  jioint  for  soundings  being  on  tlie  left  liank.  Tl' 
channel  is  straight  for  about  0(K)  feet  above  and  below  the  station:  '> 
current  rather  sluggish,  but  w^ith  sufficient  velocity  for  meiisureni»-r/>. 
There  is  a  dam  on  the  Xorth  River  10  miles  above  the  st^ition,  hut  l\^ 
influ<^nee  on  the  flow  is  scarcely  noticeable.  The  right  ]>ank  is  hii:K 
but  the  left  bank  is  subje(»t  to  overflow  in  very  high  water.  Tht*  N-*' 
is  of  rock  and  gravel  and  fairly  permanent.  The  observer  is  H.  '^ 
Baldwin,  a  m(M*chant  of  Glasgow,  Va. 

The  following  discharg<»  measurements  were  ina<le  during  1^*1^.^ 
D.  (\  Humphreys: 

Jnne  25:  Gago  height,  1.90  feet;  discharge,  907  second-feet. 
July  10;  Gage  height,  0.S8  f(»et;  discharge,  301  second-feet. 
August  20:  Gage  height,  0.61  feet:  discharge,  132  second-feet. 
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iHiihj  gage  height,  in  feet,  of  North  {of  James)  River  at  Olangoir,  Va. 


r>ay. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

o.t. 

Nov. 

A-^©t/« 

iwe. 

5.30 

3.00 

9.00 

2.86 

1.40 

1.00 

1.80 

1.05 

O..-1O 

0.65 

O.fiO 

1.90 

4.eo 

3.80 

2.70 
2.70 

4.85 
4.15 

2.55 
2.20 

1.35 
1.50 

1.00 
.98 

1.15 
.95 

«1.00 
1.00 

.51 

.50 

.60 
^.60 

.55 

.70 

2.20 

2.40 

2.65 

2.60 

3.60 

2.10 

1.50 

.98 

.86 

.95 

.51 

ft. 65 

.70 

2.80 

2.55 

2.45 

3.46 

2.00 

1.48 

.95 

.82 

.95 

..51 

1.12 

.a5 

2.75 

2.45 

2.25 

8.00 

2.00 

1.48 

.96 

.80 

.90 

.50 

1.35 

.55 

2.15 

2.80 

2.15 

2.80 

2.50 

1.45 

.90 

.80 

.90 

..50 

.95 

.60 

1.90 

2.10 

2.00 

2.80 

2.85 

1.46 

.90 

.80 

.86 

.50 

.7.5 

.70 

1.85 

2.00 
1.90 

1.85 
1.&5 

4.90 

3.75 
3.85 

1.50 
1.40 

.90 
.90 

.80 

.78 

.85 
.80 

.52 
.50 

.70 
.70 

.72 
.72 

1.80 

1.60 

1.82 

1.60 

4.00     8.50 

1.85 

.90 

.75 

.80 

.50 

.70 

.70 

1.50 

_____         _    —-•-■._•_•__.,._ 

1.70 

1.58 

3.60     3.30 

1.30 

1.00 

.75 

.75 

..50 

1.40 

.70 

1.50 

1.65 

1.52 

4.00 

3.80 

1.28 

2.25 

.72 

.75 

..50 

1.20 

.65 

1.60 

1.60 
1.65 

1.50 
1.50 

3.50 
8.15 

3.00 
2.35 

1.25 
1.25 

1.30 
1.15 

.70 
.68 

.70 
.70 

..50 
..51 

1.00 
.90 

.65 
.65 

l.OD 

2.00 

1.52 

1.46 

3.00 

2.25 

1.20 

1,12 

.65 

.70 

.50 

.86 

.70 

2.60 

1.50 
1.46 
1.42 
1.40 
1.46 

1.42 
1.50 

3.50 
3.00 

2.20 
2.10 
2.00 
1.90 

1.15 
1.12 
1.10 
1.25 
1.15 

1.10 
1.05 
1.00 
1.00 
.95 

.65 
.62 
.62 
.60 
.60 

.70 
.70 
.70 
.81 

..50 
.50 
.50 

.no 

..50 

.80 
.75 
.72 
.70 
.62 

1.10 

1.00 

.95 

.90 

.8.5 

4.30 

3.10 

1.45  '  2.65 
1.40  '  2.45 

2.60 

8.20 

2.30 

2.40     1.80 

2.00 

1.50 
1.46 

2.10 
1.49 

2.35     1.75 

1.10 
1.10 

.95 
.92 

.58 

• 
.68 

.oO 
..50 

..52 
.  .55 

..18 
.65 

.80 
.80 

2.00 

2.30 

1.70 

1.85 

1.48 
1.42 
2.60 
3  90 

2.60 

10.20 

7.50 

5  60 

2.25 
2.20 
2.10 
»2  no 

1.&5 

i.eo 

1.55 
1.60 
1.48 
1.46 

1.10 
1.10 
1.15 
1.10 
1.08 
1.08 

.92 
1.00 
1.15 
1.15 
1.10 
1.10 

.55 

.58 
.f» 
.60 
.60 
.62 

.51 
.50 

.r>2 

.51 
..50 

..50 
.56 
.(«) 
.60 

.57 

.58- 
.5.5 
..52 
.62 
.72 

.80 
.80 
1.80 
2.20 
1.80 
1.9r) 

1.75 

1 

1.60 

1 

1.60 

' 

1.50 

t 

4.10 
3.50 

12.58     1.90 
1.85 

1.46 

I 

1.40 

^ 

3  25 

2. 15 
3.  .SO 

1.40 

1.06 
1.05 

1.10 

.70 
1.18 

.50 
.51 

''  InU 

..56 
jrpola 

.80 
.79 

ted. 

2.10 

1.40 

1 

3.00 

1.30 

« Interpol 

lat4Hli 

\.UgllHt 

2  to  19,  inch 

isivo. 

Hating  table  for  North  {of  James)  Riv*(*r  at  GJaHgtmi,  Va,,for  190.2. 


Gaee 
height. 

DifM'.barge 

Gage 
height. 

Feet. 

DLH»'harge. 
StTond-feet. 

Gage 
height. 

'      Feet. 

Diwharge.  ■ 
Seeond-feef . 

(4ago 
height. 

Feet. 

Diwhai*gt'- 

Feet. 

Seroud-feet. 

1 
SiTond-feet. 

0.0 

25 

2.2 

1,260 

4.4 

4,860 

1  .  •) 

11,145 

.2 

50 

2.4 

1,500 

4.6 

5, 239 

s.o 

12,170 

.4 

100 

2.6 

1,770 

4.8 

5, 628 

'         8. 5 

13.195 

.6 

150 

2.8 

2, 050 

5.0 

6,030 

9.0 

14,220 

.8 

200 

3.0 

2, 350 

5. 2 

6, 438 

10.0 

16,270 

1.0 

270 

3.2 

2,760 

5. 4 

6,846 

11. 0 

18,320 

1.2 

380  ! 

3.4 

3,090 

'         5. 6 

7,254 

12.0 

20. 370 

1.4 

500 

1 

3.6 

3,430  ; 

5.8 

7,662 

13.0 

1 

22, 420 

1.6 

660 

3.8 

3, 770 

6.0 

8,070 

14.0 

24. 470 

1.8 

840 

4.0 

4, 130 

6.5 

9, 095 

2.0 

1,020 

1 

4.2 

4,490 

7.0 

10, 120 

, .. .... 
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Estimated  monthly  dincharge  of  North  (of  James)  Rirer  at  Glaagor,  Fa. 

[DndnAse  area,  831  square  miles.] 


Month 


1902. 

January , 

February 

March , 

April  ._ 

May 

June 

July  .-•- 

August 

September 

October 

November 

December 

The  year 


Discharge  in  necond-f eet. 


Maximum. 


6,4^ 
13,400 
14,220 

3,860 
580 

1,320 
440 
297 
150 
500 

1,260 

4,680 


14,220 


Minimnm. 


500 
500 
885 
500 
297 
235 
137 
125 
125 
125 
137 
440 


125 


1,666 

2,«28 

2,881 

1,519 

419 

340 

194 

181 

129 

210 

334 

1.140 


969 


Seeood-feet  n„gu^ 


I 


2.00 

3.16 

3.47 

1.83 

.50 

.41 

.23  1 

.22 

.15 

,25 

.39 

1.37 


1.16 


4  »' 


15 

■i: 


l.> 


r.fi- 


JAMES  RIVER  AT  BUCHANAN,  VA. 

This  river  rises  in  the  Allegheny  Mountains,  on  the  western  bonl'f 
of  Virginia,  and  flows  in  an  easterly  direction  across  the  Stot*  ini" 
Chesai)eake  Bay.  The  upper  part  of  it«  drainage  aivA  is  niountAin'»a> 
and  largelj^  covered  with  forests,  while  in  the  eastern  part>  of  the  S'a'.< 
the  river  flows  through  a  flat  and  cultivated  area.  Measurement"  *•• 
flow  are  made  at  Buchanan,  in  Botetourt  County,  and  at  CartersTilK 
50  miles  above  Richmond.  The  station  at  Buchanan  was  estAbIL<li<< 
by  C.  C.  Babb  and  D.  C.  Humphreys,  August  18,  1895.  It  i^^  d\^>^^ 
20  miles  above  the  mouth  of  North  River  and  one-half  milealjoveti?' 
mouth  of  Purgatory  Creek,  as  shown  on  the  Natural  Bridge  tuj*'- 
graphic  atlas  sheet.  The  area  as  far  as  this  jKiint  is  mapped  on  i^ 
Natural  Bridge,  Staunton,  Monterey,  Lewisburg,  Dublin,  Christiar»> 
burg,  and  Roanoke  sheets.  The  United  States  Weather  Bunean  bJ 
maintained  a  gage  here  for  about  two  years  before  measurements  v^"^ 
made  b}'-  the  Geological  Survey.  The  wire  gage  is  suspended  /n^ 
the  steel  highway  bridge,  which  crosses  the  river  on  two  spansi.  tm 
April  3,  1897,  the  zero  of  this  gage  was  lowered  2  feet  to  avoid  neg* 
tive  readings.  The  gage  is  referred  to  a  scale  divided  into  feet  ^'^^ 
tenths,  and  to  two  bench  marks.  First,  the  top  of  the  upper  end  ( ' 
the  thii-d  floor  beam  from  left  bank  is  30  feet  above  the  zero  of  il» 
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^e.  Second,  the  top  of  a  stone  x>ost  under  the  southwest  corner  of 
^  poreli  of  the  Chesapeake  and  Ohio  Railroad  passenger  station  is 
68  feet  above  zero  of  gage.  A  third  bench  mark  is  on  a  perma- 
it  led^e  of  rock  on  the  left  bank  about  500  feet  above  the  bridge, 
1  at  an  elevation  of  17.48  feet  above  the  zero  of  the  gage.  The 
tial  point  of  soundings  is  on  the  left  bank,  upper  side  of  the  bridge, 
.rke<i  ^wath  the  end  pin  of  the  truss.  The  channel  is  straight,  the 
w  fairly  swift,  and  without  obstructions.  The  bed  is  rocky;  banks 
;li  and  not  subject  to  overflow.  The  observer  is  U.  H.  Hyde,  a 
egrapli   oi)erator  for  the  Chesapeake  and  Ohio  Railroad,  at  Buch- 


an,  Va, 


riie  following  discharge  measurements  were  made  during  1902  by 
C.  Humphreys: 

July  19:  Gage  height,  2.12  feet;  discharge,  519  second-teet. 
Angrnst  25:  Gage  height,  1.90  feet;  discharge,  365  second-feet. 


I>aily  gage  height y  in  feet,  of  James  River  at  Buchanan,  Va. 


L. 
?.. 
».. 
».. 
0-. 

1. 

2- 
3. 
A. 

». 
!7. 

88. 

31. 


I>ay. 


1900. 


Jan. 


7.35 
6.20 
5.40 
4.95 
4.65 
4.25 
4.05 
3.90 
3.80 
8.65 
3.60 
3.40 
3.30 
3.15 
3.00 
8.00 
3.00 
8.00 
3.00 
2.90 
2.90 
2.90 
2.90 
2.90 
2.90 

aso 

5.05 
8.40 
6.15 
5.70 
6.65 


Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

6.15 

19.05 

5.40 

8.00 

2.60 

8.15 

2.20 

2.00 

2.20 

2.10 

3.80 

5.80 

9.05 

4.96 

3.00 

2.60 

2.86 

2.45 

2.00 

2,20 

2.10 

4.65 

5.70 

7.50 

4.65 

3.00 

2.60 

2.65 

2.40 

2.00 

2.20 

2.10 

5.25 

6.45 

6.25 

4.60 

3.00 

2.60 

2.60 

2.40 

2.00 

2.'20 

2.10 

5.35 

5.00 

6.60 

4.60 

3.00 

2.60 

2.50 

2.80 

2.00 

2.65 

2.10 

5.00 

4.60 

5.25 

4.60 

2.90 

2.60 

2.40 

2.30 

2.00 

2.55 

2.10 

5.10 

4.20 

6.00 

4.60 

2.90 

2.60 

2.40 

2.30 

2.00 

2.36 

2.00 

4.40 

8.95 

5.20 

5.00 

2.90 

2.60 

2.80 

2.80 

1.90 

2.20 

2.00 

3.95 

3.85 

6.80 

6.90 

2.90 

2.40 

2.40 

2.20 

1.90 

2.10 

2.00 

3,65 

3.70 

7.10 

5.80 

2.90 

2.40 

2.60 

2.20 

1.90 

2.10 

2.00 

3.45 

3.60 

6.60 

5.75 

2.90 

2.40 

2.60 

2.20 

1.90 

2.25 

2.00 

8.30 

3.60 

6.55 

5.65 

2.80 

2.60 

2.40 

2.10 

1.90 

2.45 

2.00 

8.20 

3.40 

6.70 

5.25 

2.80 

2.80 

2.40 

2.10 

1.90 

2.50 

2.00 

3.20 

3.30 

8.00 

4.90 

2.80 

3.10 

2.30 

2.10 

1.90 

2.50 

2.00 

4.26 

3.20 

7.50 

4.45 

2.80 

2.95 

2.30 

2.20 

1.90 

2.40 

2.00 

4.45 

3.20 

7.06 

4.25 

2.70 

2.80 

2.30 

2.30 

1,90 

2.40 

2.00 

4.45 

3.20 

8.65 

4.05 

2.70 

2.70 

2.20 

2.20 

1.90 

2.80 

2.00 

6.36 

3.10 

7.40 

3.90 

2.70 

2.60 

2.10 

2.20 

1.90 

2.30 

2.65 

6.10 

3.10 

6.95 

3.80 

2.70 

2.60 

2.10 

2.10 

1.90 

2.30 

3.80 

4.95 

8.20 

5.35 

3.70 

2.70 

2.40 

2.10 

2.10 

1.90 

2.1b 

2.85 

4.30 

3.30 

4.90 

3.00 

2.70 

2.40 

2.10 

2.10 

1.90 

2.10 

2.56 

8.96 

3.60 

4.65 

3.60 

2.60 

2.40 

2.10 

2.00 

1.90 

2.10 

2.40 

4.15 

8.75 

4.25 

3.4C 

2.00 

2.40 

2.10 

2.00 

1.90 

2.10 

2.30 

4.25 

4.20 

4.10 

a40 

2.70 

2.40    2.10 

200 

1.90 

2.10 

2.20 

8.95 

10.10 

4.00 

3.30 

2.70 

2.40 

2.10 

2.00 

1.90 

2.00 

2.45 

8.75 

14.40 

3.86 

8.30 

2.80 

8.00 

2.10 

2.00 

2.05 

2.00 

3.80 

8.66 

9.55 

3.70 

8.20 

2.90 

2.90 

2.10 

2.00 

2.10 

2.00 

4.55 

3.25 

15.85 

3.7Q 

3.10 

2.90 

2.80 

2.10 

2.00 

2.15 

2.80 

4.10 

8.00 

5.60 

3.10 

2.80 

2.80 

2.10 

2.00 

2.80 

2.30 

3.60 

8.25 

8.05 

3.10 

2.80 

2.90 

2.10 

2  00 

2.80 

2.20 

3.16 

3.15 



6.20 

2.70 

2.30 

2.0O 

2.20 

1 

1 

3.00 
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Ratiny  taNe  for  James  River  at  Buchnnan^  Va.^fttr  If^^j, 


I)ii<rhartr<Hi. 
Hretinti-fet't . 

OaK© 
h4«i|;lit. 

Fret. 

Difirhari^e. 

1 

Second-f«ei. 

Oa«re 
'      F^t. 

1 

Gafce 
heigbt. 

Dtrfaar; 

hWt. 

Sfcv>ndr/e«-t.  1 

Fr*t. 

.v*«»i-'-  • 

1.6 

310 

,       4.8 

4,640 

8.0 

12,620 

16.0 

■■  .T3.rt' 

l.H 

360 

5.0 

5,060 

8.5 

1.3, 940      . 

16.5 

:Cj«'V. 

2.0 

430 

'       5.2 

5, 495     : 

9.0 

15,260 

17.0 

:«.;iH' 

540 

5.4 

5,a')0     ' 

9.5 

16,580 

17. 5 

r.^* 

2.4 

670 

'       5. 6 

1 

6, 425 

10.0 

17,900 

18.0 

:sji' 

2.6 

H40 

5.8 

1 

6,911 

10. 5 

19, 220     1; 

18.5 

4»i.:4' 

2.8 

1,050 

i      6.0 

7. 4a3     1 

11.0 

20, 540     1 

19.0 

4i.efii 

3.0 

1,330 

1       6.2 

7,903     , 

11.5 

21,860 

19.5 

A2,^^ 

3.2 

1,650 

1       6.4 

8,411 

12.0 

23,180 

20.0 

44,?." 

3.4 

1,080 

6.6 

,       6.8 

8,927 

12.5 

24, 5(K) 

20.5 

V^.f^• 

3.6 

2, 330 

9, 452 

13.0 

25. 820 

21.0 

4fi.v4 

3.8 

2,690 

7.0 

9,980 

13. 5 

27, 140 

21.5 

i*^.  y* 

4.0 

3,050 

7.2 

1       '-4 

10, 508 

14.0 

28.460 

22.0 

41  > 

4.2 

3,4-10 

11,036 

14.5 

29,780 

22. 5 

.>!.?*►• 

4.4 

3,840 

;     7.6 

11.564 

15. 0 

31,100 

4.6 

4,240 

1       7. 8 

12.092 

15. 5 

:«.  420 

EHiimated  vionfhly  rli^charge  of  James  /?i"ivr  ttt  Buchanan.  Va. 

[Draiiia(?e  arna,  2,068  winare  mileA.] 


Month. 


1902. 


January . . . 
February  . 

March 

April 

May 

June 

July 

August 

Sept^ml)er 
OctoT)er  ... 
November . 
Dec'emlier  . 


DuM^harfte  in  Herond-fe«^t. 


RttDH>f 


Maximum. 


13,676 

31,954 

41.794 

7, 156 

1,330 

1,490 

1,570 

710 

600 

890 

4,140 

8,283 


Minimaxii. 


Mean. 


per  square      ^;, 
mile. 


1.180 

1,490 

2,510 

1,490 

840  ' 

670 

480 

430 

390 

430 

430 

1,330 


Tlie  year  _ 


41,794 


390 


3.666 

\,7f< 

6,  l.->7 

2.99 

'          8. 730 

4.24 

3,  3:^5 

1.62 

'         1 ,  as:^ 

.Xi 

877 

.43 

634 

.n\ 

516 

.25, 

422 

.21 

573 

.28 

ail 

.46 

3,434 

1.67  j 

2,  532 

1.23  . 

If 
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JAMES  RIVER  AT  CARTERSVILLE,  VA. 

>!S€^x-^vatioii8  of  the  height  of  James  River  are  matle  by  the  Weather 
c5i\.ix  at  Lynchburg,  Va.,  48  miles  below  Buchanan  and  about  100 
^8s  n.l>ove  Cartersville.  The  drainage  area  is  given  as  3,700  square 
^«.  The  gage  is  on  the  first  pier  of  the  Amherst  bridge,  at  the 
.  c*f  Ninth  street,  on  the  side  facing  Lynchburg,  about  100  feet 
rv  tlie  shore.  The  elevation  is  41)4.7  feet  above  mean  sea  level. 
^  Ixi^hest  water  was  about  27  feet  on  September  30,  1870,  and  the 
^-«t,    — 0.3  feet  on  September  12-15,  18D5. 

rii,*j:e:«  w^ere  established  on  James  River  in  1893  by  F.  B.  Isaacs, 
;viioor  for  wat-er  power  of  the  Chesai)eake  and  Ohio  Railway  Com- 
13",  at  Ninemile  Locks,  Columbia,  Scottsville,  Lynchburg,  Balcony 
1\h,  I^uchanan,  Kagle  Mountain,  and  Clifton  Forge.  Records  of 
j^litH  of  w^ater  at  these  points  were  made  twice  daily  from  1803  to 
^7,  a, lid  freshet  reports  were  obtained  for  these  years.  The  gages 
r<^  not  referred  to  any  fixed  datum,  but  the  zero  of  each  gage  was 
:.  iit  what  was  considered  ordinary  low  water  in  the  river.  During 
(3  livtter  part  of  1890  records  have  Ixien  resumed,  excepting  at 
oltsville.  Balcony  Falls,  and  Eagle  Mountain,  where  the  gages  have 
'<ui  iU)andoned. 

At  Koshersdam,  0  miles  above  Richmond,  is  a  gage  where  the  height 
'  ^Viitor  is  recorded  twice  daily,  showing  the  supposed  head  on  the 
est  of  dam.  This  crest,  however,  is  so  irregular  that  the  eoeflficient 
t  discharge  has  not  .been  ascertained.  Another  com[)lication  exists 
L  the  fact  that  watc?r  is  deflect^id  into  a  canal,  the  quantity  not  being 
nown. 

Observations  are  maintained  by  the  Weather  Bureau  at  Richmond, 
^H. ,  the  gage  l^eing  at  the  foot  of  Virginia  street,  near  Fourteenth, 
iniuediately  east  of  the  Richmond  and  Danville  Railroad  bridge.  It 
s  a  standard  brass  Weather  Bureau  gage  embedded  in  the  cement 
)uttre88.     The  elevation  of  the  zero  is  2.8  feet. 

A  gaging  station  was  established  January  1,  1800,  by  D.  C.  Ilum- 
direys,  and  is  located  at  the  highway  bridge  crossing  the  James  at 
Gartersville,  one-half  mile  from  railroad  station  and  50  miles  above 
Hichniond,  Va.  The  wire  gage  is  attached  to  a  horizontal  gage  rod 
fastened  to  the  bridge  and  is  referred  to  a  bench  mark,  the  top  of  the 
lower  end  of  the  fourth-floor  beam  from  the  right  bank,  which  is  32.04 
feet  above  the  zero  of  the  gage.  The  gage  was  verified  June  23,  1800. 
The  channel  is  straight  for  one-third  of  a  mile  above  and  1  mile  below 
the  station,  the  current  fairly  swift,  and  the  bottom  somewhat  sandy 
and  shifting.     The  banks  are  high  and  not  subject  to  overflow  except 

in  extreme  high  water.     The  observer  is  Julien  I.  Palmore,  clerk  in  a 
store  at  Cartersville,  Va. 
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»« 


The  folluwiiijr  discharge  meaeuremeiits  were  made  during  Vs}t  Ky 
D.  C.  Humphreys: 

July  15:  Gage  height,  1.10  feet;  discharge,  2.008  eecond-foet. 
August  25:  Gage  height.  0.80  feet:  discharge,  1 ,482  second-feet. 

Daily  gage  height,  in  feet,  of  James  River,  txt  Vnrtermnlle^  To. 


D«y. 

Jan. 

Feb. 

Mar.  j 

Apr. 

May. 

June. 

July. 

1 

t 

Sept.  Ot- 

1 

New   1*-. 

■ 

IMK. 

1 

15.  SO 

11.  ao 

8.80 
7.20 

7.  SO 
8.00 
9.00 
8.00 

22.90 
22.05 
14.00 
10.50 

8. 00 
6.40 
5.40 
5.20 

3.45 

a  10 
a4o 
aao 

I.fl8 
1.7D 
1.68 
1.30 

l.tO  .   1-48 
1.55  t  1.30 
2.00  1  1.80 
l.TO  ,  2.10 

0  60  '  1, 40    l*    '»• 

2          

.55     1.40    IC    HI 

;j           

.5(2  ,  1-46    152    a* 

4 1 

.50     1.00 

ic:  »1 

5 ' 

0.15 
5.55 

7.05 
5.  SO 

9.50 
9.20 

5.10 
4.70 

2.80 

a  40 

1.40 

i.:n 

1.70      1.70 
1.40  j  2.15 

.SS     7.» 
.80  ^16l«» 

l.«    )'« 

G ! 

L»     136 

7 ' 

5.25 

5.05 

7.75 

4.80 

aao 

1.20 

1.40  '  2.0O 

.75  15.60   \Ts   :r. 

8 

5.(10 

4.98 

7.00 

7.20 

aoo 

1.40 

1.60  1  1.90 

.60     4.65    1.3f)    (3- 

,                     1 

0 

4.t« 

4.22 

8.70 

10.80 

2.90 

i.ao 

1.90  1  1.3:1 

1.(1) ;  aa  L*  '^i 

10 -- 

4.38 

3.88 

8.60 

8.80 

2.80 

1.20 

1.50    i.eo 

I.OO     2.40    I »    *  ? 

11 

4.00 

3.62 

0.20 

7.60 

2.55 

1.20 

1.80      1.70 

.90  ;  1«    19^      •• 

12 

3.08 

8.50 

8.80 

7.10 

2.40 

1.35 

1.4S      1.00 

.«Ojiaos|i9   ^» 

13 

3.40 

3.60 

8.20 

6.^ 

2.10 

1.20 

1.38      1.06 

.88'5L72't«     iV 

14 

3.3» 

3.30 

8.00 

5.54 

2.80 

1.35 

1.90      1.10 

.73     a80    IS    -» 

15 

3.25 

3.12 

8. 72 

5.81 

2.00 

1.30 

1.00  1  1.30 

.70     -Wjl-S*     a« 

16 

aoo 

8.10 

7.0) 

5.10 

2.00 

2.50 

1.00     4.25 

.60J2L2D'l*     ii 

17 

2.95 
2.90 
2.88 
172 
2.7« 
7.15 
6.12 
4.80 
8.60 
3.30 
5.72 
9.44 
10.10 

3.10 

2.82 

2.60 

2.  TO 

8.10 

7.70 

7.70 

7.00 

10.20 

21.90 

19.20 

17.28 

10.70 
10.06 
9.80 
7.T2 
6.70 
6.20 
5.50 
5.20 
4.70 
4.30 
4.20 

aw 

5.20 

4.60 
4.40 
4.85 
4.05 
a20 
a60 
8.50 
a40 
8.80 
3.20 
3.10 
2.90 

aoo 

2.20 
2.15 
2.10 
1.90 
2.38 
2.40 
2.00 

aoo 
a  40 
aso 

2.40 
2.20 
2.20 

14.35 
4.70 
a  10 
2.  IB 
1.88 
1.72 
1.00 
1.60 
1.58 
2.00 
2.30 
2.00 
1  78 

l.QO    ai5 

1.U0      1.45 
t.UO      l.S 
1.2s  1  1.20 

.55     2.65    1-S    •^' 

18 

.53     I.IC 
.50     1.72 

as?   :^. 

19.. 

4fi     ^' 

20   

.50     1.65    XS    bJ 

21 

i.as 

1.90 

i.ao 
1.10 

1.00 
.98 

.88 
.80 
.78 

1.00 
1.15 
1.10 
.90 
.90 
.80 
.82 
.70 
.80 

.60     1.60 
1.00  '  1.52 

2.32     -.1 

22 

**'    -s^* 

23 

.70  '  1.42 'ta»    <^'-' 

24 

.60    Las   1.*^   »* 

25 

.70    1.80  iari   <• 

25   

2.00     L» 
4.35     1.20 
1  75     *  11 

9.S     4  3' 

27 

9  Si        Am 

28 

5  3P     '- 

29 

1.35 

4<n 

*.»     'i 

30 

8.00 

7.20 

3.80 

2.10 

1.80 

.65 

70 

1  40    2.30 

5-15    3» 

31 

7.80 

9.40 

2.00 

i.oe 

.65 

2.00 

A.« 

JAMES   BIVEB   DRAINAGE    BASIN. 
Rating  table  for  James  River  at  Cartersville,  Fa. ,  for  1902. 
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Discharge. 

1 

Qage 
height. 

Discharge. 

1 

Gage 
height. 

Discharge. 
Second-feet. 

Gaffe 
height. 

Feet. 

Discharge. 

^..*. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

0.4r 

702 

4.0 

7,600 

7.6 

18,380 

1        16.0 

46,100 

.6 

1,000 

4.2 

8,100 

7.8 

19,040 

16.5 

47, 750 

.8 

1,296 

4.4 

8,610 

8.0 

19,700 

!       17.0 

49,400 

l.O 

1,600 

4.6 

9,130 

8.5 

21,a50 

17.5 

51,060 

^            1.2 

1,916 

4.8 

9,660 

9.0 

23,000 

18.0 

52,700 

1.4 

2,243 

5.0 

10,200 

9.5 

24,650 

18.5 

54, 850 

1.6 

2,582 

5.2 

10,760 

10.0 

26,300 

19.0 

56,000 

1.8 

2,932  ! 

5.4 

11,330 

10.5 

27,950 

19.5 

57,650 

^            2.0 

3,294 

5.6 

11,910 

11.0 

29,600 

20.0 

59,300 

2.2 

3,672 

5.8 

12,500 

11.5 

31,250 

20.5 

60,950 

2.4 

4.063  1 

6.0 

13,100 

12.0 

32,900 

21.0 

62,600 

2.6 

4,463 

6.2 

13,760 

12.5 

34,550 

21.5 

64,250 

2.8 

4,871 

6.4 

14.420 

13.0 

36,200 

22.0 

65,900 

3.0 

5,300 

6.6 

15,080 

13.5 

37,850 

22.5 

67,550 

3.2 

5,740 

6.8 

15,740 

14.0 

39,500 

23.0 

69,200 

3.4 

6,190 

7.0 

16,400 

14.5 

41,150 

24.0 

72,500 

8.6 

6,650 

7.2 

17.060 

15.0 

42,800 

25.0 

75,800 

3  8 

7,120 

7.4 

17,720 

15.5 

44,450 

KMm    *J 

Estimated  monthly  discharge  of  James  River  at  Cartersville,  Va, 

[Drainage  area,  6,8<fi  square  miles.] 


Month. 


1902. 

JaniiAry 

Febrnary 

Marcli 

April -  -  - 

May  

Jano  — 

July 

August 

September 

October 

November 

December ... 

The  year 


Discharge  in  second-feet. 


Maximum. 

Minimum. 

Mean. 

47, 750 

4,666 

12, 814 

65, 570 

4,463 

16,494 

68,870 

7,360 

22,368 

28,940 

5,083 

10,966 

6,420 

3,111 

4,516 

40, 655 

1,916 

4,231 

3,294 

1,074 

2,077 

8,225 

1,074 

2,374 

8,480 

850 

1,579 

48,905 

1,916 

7,078 

24, 155 

1,916 

4,918 

30,920 

5,410 
850 

13,048 

68, 870 

8,539 

Run-off. 


Second-feet* 
per  square 
mile. 


2.06 

2.65 

3.59 

1.76 

.72 

.68 

.33 

.38 

.25 

1.14 

.79 

2.09 


1.37 


Depth  in 
inches. 


2.38 

2.76 

4.14 

1.96 

.83 

.76 

.88 

.44 

.28 

1.31 

.88 

2.41 


18.53 


1«J2 


STRKAM   MEAUURE11ENT8   IN   1902,   PABT   T. 


Xi.   •• 


*  t( 


JAMES   RIVER  AT  Hi)L»COMBS   ROCK,  VA. 

This  stHtion  was  eslHl)lished  by  the  Willson  Aluminum  ('oni[iiii . 
of  Ilolcombs  Rock,  Va.,  in  1809,  in  connection  with  nieai>unfm«'u* 
determine  the  horsepower  available  at  that  point.  During  b**' ib 
records  were  fragmentary,  but  at  the  comiuencc^ment  of  lt««'  'la; 
reconls  were  taken,  which  have  been  furnished  to  the  Geolojri<*a.  **iir 
vey  through  the  courtesy  of  CT(H>rge  O.  Seward,  general  manap-r 
the  company.  The  gage  consists  of  a  copper  float  8  by  8  by  s  iiit'lj*- 
with  a  vertical  ro<l  H  inches  square  attached  to  it,  the  nul.  »hf 
extends  up  through  the  powerhouse  floor,  l>eiii^  graduated  to  t^'nth-  - 
a  foot.  The  copi>er  float  is  inclosed  in  a  l:?-ineh  by  12-ineli  by  1:'-:h..' 
box,  which  rests  solidly  on  the  bottom  of  the  river.  The  U)\  L^jf! 
f orated,  so  that  the  water  in  it  will  alwavs  stand  at  the  same  levt-h- 
the  water  in  tht*  river,  while  the  float,  being  inclosed,  is  not  in  <biii.''" 
of  being  broken  by  floating  timlx?r.  The  fluctuations  of  the  rivi'Ta'y 
read  directly  from  the  rod,  which  moves  up  or  down  with  the  fltwi  j»>  * 
resiK)nds  to  the  variations  in  the  height  of  the  river.  Measun'ui^fj* 
of  discharge  are  not  made  at  this  point. 

Daily  gage  height,  in  feet,  of  Janies  River  at  Ilolaymhs  Rock,  Va. 


Day. 


\9Xt. 


Jan.    FeL.    Mar. 


Apr.  May.  June.  July 


An^.  Sept.  Oci.  Xtt-.  T*' 


1. 
2. 
3. 
4. 


'  9.50 
!  7.oO 


5.50 


5.80 
5.25 
5.80 


I 


I  4. 

I 


<o 


K     ' 


5 4.a)  I 

6 '  ass ; 

7 1  3.2H  ' 

8 '  3.10 

9 .J  2.85  ' 

10 I  2.75  I 

11 1  2,eo  I 

12... '  2.45  i  2.30 


5.  IS 
4.10 
3.70 
3.35 
a  80 
3.05 
2.55 
2.35 


13. 
14. 
IS. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 


2.30  ,  2.20 
2.10  ;  2.10 
2.00  i  2.00 


2.00 
2.00 
2.00 
1.90 
1.90 
1.95 
2.00 
1.95 


1.90 
1.90 
1.90 
1.80 
1.70 
2.15 
2.00 
2.70 


19.00 
16.40 
8.10 
6.05 
5.10 
4.50 
4.35 
4.80 
5.85 
7.20 
6.80 
6.40 
6.20 
6.00 
6.20 
4.96 
4.55 
a90 
3.55 
3.40 
3.00 
3.10 


24 1  1.85  )  3.35 


25 1  1.80  |10.50 

28 ....I  1.96  J13.00 

27.. I  6.85   10.30 

28 - 8.20  11.90 


29. 
30. 
31. 


6.40  I 
5.10  |. 
5.75  !. 


1.90 
1.90 
1.90 
1.90 


I  1.90 

!  1.80 

'  1.95 

1  1.90 

'  2.00 

I  1.80 

I  1.80 

2.00 

!  2.00 

'  1.80 

I  1.80 

I  1.70 

[  1.70 

i  1.70 

I  1.00 

1.50 

1.50 

1.50 

1.30 

1.30 

1.55 

1.55 

1.55 

1.55 

1.00 

1.70 

1.70 

1.80 

1.65 

1.60 

1.00 


LOtl 

1 
l.W 

1.15 

0.0) 

,    l.»      M-^' 

i'» 

1.50 

1.45 

i.ao 

.9U 

1.55       S" 

t 

1.50 

1.30 

1.00 

.90 

HR       <> 

4  • 

1.40 

1.30 

1.15 

.») 

2.25      .»' 

,    ♦ 

1.40 

1.80 

1.10 

.90 

2.25      .9& 

1   " 
t   ■ 

1.40 

i.ao 

i.ai 

.90 

110  ir. 

*•»* 

1.30 

1.25 

1.20 

.90 

!.."»    l.«K 

v«i 

IJT) 

1.00 

1.10 

.9U 

1.10      111! 

:  1 

1..30 

i.ao 

.95 

.90 

1.1.1  1  n 

Z'i. 

1.30 

1.15 

.45 

.90 

l.lo    15 

t  * 

1.20 

1.25 

.95 

1    .<« 

l.«  llfi 

:!•' 

1.20 

1.10 

.SO 

.K 

i.e    .'«' 

i;* 

1.65 

1.05 

.85 

.« 

1.80    !<»' 

*  f 

i.eo 

1.00 

.95 

.    .00 

1.3)    ]'<' 

?5' 

1.50 

1.10 

.96 

<     .01 

1.10      .»' 

'  r. 

1.80 

1.10 

LIO 

!  .« 

1.3>    ]•»• 

:,  1' 

1.65 

.90 

.55 

.75 

LIO    l.u*' 

'  '• 

1.35 

.85 

.00 

.75 

l.fl)    1* 

,  r 

1.40 

.96 

.95 

.80. 

1.10    !••»» 

45 

1.35 

^00 

.85 

.85  ! 

1.38    1-*' 

:■ » 

1.80 

1.20 

.Ih 

.t», 

1.15    J.'i' 

i* 

1.20 

LIO 

.75 

.95 

.90  i.sr. 

t  * 

1.35 

1.00 

.70  1 

.m 

.»    !.»' 

\  r 

1.15 

.90 

.00  1 

.85 

.m    1.15 

;< 

1.16 

.80 

.90 

.85  1 

.©  ■  1  51' 

i  ^■' 

1.55 

.80 

.75 

.85 

.;3;?.« 

J  4 

1.00 

.00 

.80  1 

.96' 

i.«.a© 

i  ' 

1.40 

1.00 

.80  , 

.55 

1.10 '  3.  ir. 

I  « 

1  50 

.80 

.80 

1.06 

i.a)  !♦' 

i:* 

1.00 

.96 

.90' 

1.10' 

.90   t^ 

1* 

1.15 

.65! 

.m    - 

1  *1 

J 
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APPOMATTOX  RIVER  AT  MATTOAX,  VA. 

is  station  was  established  in  August,  1900,  at  the  crossing  of  the 
hern  Railway,  27  miles  southwest  of  Richmond.  The  gage  rod, 
h  is  on  the  guard  rail  of  the  bridge,  is  laid  off  to  feet  and  tenths, 
nations  l3eing  indicated  by  brass  nails.  The  zero  of  the  i-od  is 
feet  from  the  west  end  of  the  bridge,  on  the  upstream  side.  The 
r  riui  of  the  pulley  is  0.9  foot  from  the  zero  of  the  rod;  the  dis- 
e  from  the  end  of  the  weight  to  the  pointer  on  the  wire  rope  is 
5  feet.  When  the  gage  reading  is  1  foot  the  water  level  is  45.6 
below  the  top  surface  of  the  upper  chord  of  the  bridge,  upstream 
,  and  at  the  zero  of  the  gage. 

lie  river  here  is  straight  for  a  considerable  distance  above  the 
ion,  but  there  is  an  abrupt  bend  about  100  feet  below  the  bridge. 
'  river  is  very  narrow,  and  at  the  low  stage  at  which  the  gage  was 
.*e<l  the  current  velocity  is  not  very  well  distributed,  there  being 
etically  no  current  for  several  feet  next  to  the  west  bank.  It  was 
si\>le,  however,  to  secure  a  good  gaging,  and  old  residents  stated 
t  the  river  was  at  the  lowest  stage  it  had  reached  in  fourteen  years, 
i  Mattoax  railroad  station  is  located  on  the  west  bank  of  the  river. 
I  J.  C.  Carter,  the  station  agent,  is  the  observer. 
7he  following  measurements  have  been  made  during  1902  by  li.  S. 
aiie : 

July  10:  Gage  height,  1.80  feet;  discharge,  391  second-feet. 
August  16:  Gage  height,  7.68  feet;  discharge,  2,266  second-feet. 
October  14:  Gage  height,  5.75  feet;  discharge,  l,4l0  second-feet. 
October  14:  Gage  height,  4.88  feet;  discharge,  1,144  second-feet. 
December  6:  Gage  height  13.10  feet;  discharge,  4,857  second-feet, 
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STREAK  MEASUREMENTS     IN'    1902,    PART   I. 
Daily  gage  height,  in  feet,  of  Appomatt€>JC  River  at  Mattoax,  T<l 


'?p  -i 


Day. 


Jan.     Feb.     Mar.     Apr.    May.  June.  Jnly.  Augr.  Sept.  Ort.    Kwr    W 


ISKS.                1 
1 

1 
15.50 

2 ' 

22.00 

8 

4 

15.01)  , 
4.75) 

1 
5 

3.80 

6 

7 

« 

9 

10 

3.80 
3.15 
3.80  1 
3.S0  ' 
8.15  1 

11 

12 

3.20 
a  10 

13 

2.75  ' 

14 

2.10 

15 

2.00 

10 

2.70 

17 

18 

2.70 
2.60  ' 

19 

2.45 

20 

2.40 

21 

2.85 

28 

9.00  1 

28 

laoo 

9.00 
4.60 
4.00 
5.50 
8.20 
8.00 
5.75 
5.90 

24 

26..... 

26 

27 

28 

29 

80 

31 

5.eo  . 

5.90  , 

11.00 
11.30 
12.00  , 
8.00 
4.80  ' 
4.70  I 
4.30  ' 
3.50  ' 
3.15  ' 

asn ; 

3.30 
3.25  ' 
2.90  \ 
2.«» 

aio  I 
aoo  i 

2.95  ' 
2.65  I 

aoo 

5.00 
10.00 
18.00 
15.00 

laoo 

20.00 
24.00 


21.00 

16.00 

16.00 

12.00 

10.00 

9.70 

10,  .50 

7.00 

6.00 

6.50 

5.00 

4.80 

4.50 

4.20 

a  90 

a  70 

5.2t> 

8.00 

6.20 

5.30 

4.50 

4.00 

a90 

a^ 
a  55 

3.45 

a25 

a  15 
a  50 

5.50 
5.55 


4.  CO 
3.50 

as5 

3.10 

a  10 
aeo 
a65 

8.00 

laso 

11.00 

10.90 

5.00 

4.15 

a  15 
ass 
a  50 
a  40 
aa) 
aso 
a  10 
aoo 
aoo 

2.90 
2.85 
2.75 
2.76 
2.70 
2.65 
2.60 

aso 


I 


7.00 
4.70 
4.00 
4.00 
4.50 
3.30 

3.eo 

3.80  i 
4.20  1 

aao  ' 
a  HO  , 

2.50 

2.45 

2.45 

2.45 

15f» 

2.20  : 

2.% 

2.20 

aoo 

4.15 

2.30 

2.30  1 

2.00 

2.10 

2.80 

2.30 

2.00 

2.00 

1.70 

1.65 


i.ao 

1.60 

1.50 

1.50 

1.40 

1.85 

1.25  ' 

LSI)  . 

1.30 

1-30 

1-25 

1.85  I 

i.ao  ' 
i.ao  , 
i.ao 

1.20  ' 
9.00  ' 
9.  .50 
9.50  ' 

8.  a)  ' 
s.eo 

2.00  i 
1.90  i 
1.00  j 
3.00  ' 
3.00  I 
3.00  I 
8.O0  , 
2.00  I 
a55  t 


) 


i 


n.  10 
3.30  1 
2.73 
1-W  j 
1.80 

i.eo  ' 

1.65  , 
1.G5 
2.ff» 
1.70 
2.00 
1.31)  • 
1.30  . 
-1.25 
1.00  ' 

.99 

.90  , 

.80 

.  To 

.75 

1.00  ; 
1.00  I 
1.40 
.90  ' 

,80 

.  *o 
.65 

1.20 

2.S0  ' 

\ 


2.00 
4.50 
2.90 
2.00 

3.m 

3.3f> 

2.a» 

4.20 
2.Ti> 

1.65 

i.eo 
aeo 

i.3r» 

2.00 

G.3*> 
3.30 
2.00 

1.50 
1.30 

a  70  j 

1.50 

l.tt) 

1.30 

1.10 

1.00 

l.U» 

.TO 

.60 

.00 

.60 


0.«> 

.50 

.50 

.80 
1.3L»     2.0i> 

i.a^  dao"! 

l.f©  *ll.OD 
.fti  11.50 
.To     3.?«» 


art* 
3- so 
2.a> 

1.3f) 

i.rti 

.  75 

.TTi 

.C5 

.65 

.60 

.60, 

.60 

.80 

1.90 

1.90 

i.ao 

1.00 
2.85 
1.60 
1.60 

1.10  ; 


l.flD     11> 
1.9D      **• 
S.1t»  ,    2.5 
1,10'-   1* 
1" 
IT" 
l.~ 
LT- 
LT" 
LG 
ii' 
14:^ 
l* 
1.45 
1.3. 
l.*5 

>.!« 

^-.■»» 

iS' 

7.  ft' 
3L36 


*  I 

1  ♦ 


I 


I 


2.*  I 
2.25  ■ 
4.Tf« 

T.a*  j 

fi.30  ; 
aia? 

±00  , 
l.«' 
l.» 

1.65  I 
1.-30  ' 

1.30 
l.S 
1.35 
l..« 
1.25 
LtS 
T.SS 

a  20; 

ago  . 


)    i 
.  ■ 


•I 


'  > 


'i 


i 


t-L..3 
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J^ating  table  for  Appomattojc  River  at  MattoaXy  Va.,for  190:s, 


1  Discharge. 

Gage 
height. 

Disc^harge. 

Gage 
height. 

Discharge. 

Gago 
height. 

Dltscharge. 

i  >-#-f . 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Svvond-feet. 

Feet. 

Second-feet. 

O.  -4 

140 

4.2 

.875 

7.8 

2,288 

16.5 

6,675 

.  M 

180     ' 

4.4 

935 

8.0 

2, 380 

17.0 

6,965 

l.O 

]           200 

4.6 

995 

'       8.5 

2,615     ' 

17.5 

7,255 

1.  e 

224 

4.8 

1 ,  065 

9.0 

2.850 

18.0 

7, 555 

1    .    4: 

251 

5.0 

1,135 

9.5 

3,090 

18.5 

7,855 

1-  o 

282 

5.2 

1,205 

1     10.0 

3,330 

19.0 

8,170 

1 .  >< 

:           316 

5.4 

1 ,  275 

10. 5 

3, 575 

19.5 

8, 485 

-2-  O 

1           350 

5.6 

1 ,  345 

!     11.0 

3, 820     ' 

20.0 

8, 815 

"2-  ^ 

390 

5.8 

1,415 

1     11.5 

4,065 

20. 5 

9. 145 

2,  -L 

430     . 

6.0 

1,490 

12.0 

4.310 

21.0 

9, 41 0     1 

•2.  6 

473 

6.2 

1 ,  576 

12. 5 

4, 555 

21.5 

9, 835 

t>.  H 

519 

6.4 

1 ,  662 

13. 0 

1 

4, 805 

22.0 

10, 195 

3-  O 

565 

6.6 

1,748 

13.5 

5, 055 

22. 5 

10, 555 

3.  2 

615 

6.8 

1,834 

'     14.0 

1 

5,315 

23.0 

10,930 

3.4 

665 

7.0 

1 ,  920 

14.5 

5, 575 

24.0 

11,695 

3.6 

715 

7.2 

2,012 

15.0 

5, 845 

3.8 

765 

7.4 

2, 104 

15. 5 

6,115 

4.0 

815 

7.6 

2,196 

16.0 

6, 395 

Eittimatid  immthhj  dUcJiarye  of  ApjJomattox  River  at  Mattoau\  Va. 

[Di-ainage  area,  74.')  Miuare  milen.] 


Diwharge  in  te<'oud-ftH*t. 


Run-off. 


Month. 


Maximum. 


1902. 
raniiiiry 

Felirnary 

Marcli 

April   - 

May    

Jnne 

July   

AllJ^V.Ht 

September 

Octo^jer 

November 

December 

The  year 


Minimum,  i       Mean. 


Sei'ond-feet 

per  square 

mile. 


Depth  in 
inches. 


10, 195 

350 

11,695 

484  ' 

9, 490 

602  1 

3. 820 

473 

1,920 

290 

3,090 

640 

165  . 

1 ,  705 

160  ' 

690 

150  i 

4. 065 

212  ' 

3, 330 

251 

4,855 

400 ; 

I 


11,695 


150 


1.684 
2, 501 
2,014 
1 ,  004 
601 
6as 


277 


437 
246 
934 

1,637 
1 .  073 


2. 26 

3. 36 

2.70 

1.35 

.81  J 

.90 

.37 

.59 

.33 

1 .  25 

1.18 

2.20 

1.44 


2.61 

3.50 

3.11 

1.51 

.93 

1.00 

.43 

.68 

.37 

1.44 

1.32 

2.54 

19.44 


INDEX. 


Pa«e. 
.llenipv-ood,  Pa.,  stream  measurements  at.  159-160 
kOdroNeoggin  River,  Me.,  bed  and  drainage 

basin  of 40-11 

measurements  of 41-43 

Lntiet4Bim  Creek,  mea^iurements  of 170-172 

ippomattox  River,  mea5mrements  of 193-195 

ialdAvlnHvllle,  N.Y.,  stream  measurements 

at 69-70 

Sarins,  Me.,  stream  measurements  near 14 

B*?aver  River,  N.Y.,  measurements  of 61-62 

Berkeley,  R.  I.,  stream  measurements  at 56-58 

Bingham  ton,  N.  Y.,  stream  measurements 

at 143-152 

water  powers  at,  Susquehanna  River  . .      148 

Black  River,  N.  Y.,  measurements  of 62-64 

Blaeksitone  River,  Mass. and  R.  I., drainage 

area  of 56 

measuremenLs  of 56-58 

Buchanan.  Va.,  stream  measurements  at.  186-188 
Canada  Creek,  East,  N.  Y.,  measurements 

of 89-92 

Canada  Creek,  West,  N.  Y.,  measurements 

of 87-^ 

Carrabassett  River,  Me.,  measurements  of .  82-34 
CarterMville.Va.,  stream  measurements  at.  189-191 
rati«kill  Creek,  N.  Y..  mea.surements  of...  109-111 

drainage  area  of 106 

rbambly,  Quebec,  stream  measurements  at.  79 
Champlain,   Lake,  measurements   of  flow 

from 77-79 

Chenango  River,  X.  Y.,  drainage  ba.sin  of . .      144 

measurements  of 143-146 

flood  measurements  of,  at  Binghamton, 

N.  Y  149-150 

Chlltenango  Cjeek,  N.  Y.,  measurements  of.  6»>-66 

Clinton,  Mass.,  rainfall  at 55 

Cobbosseecontee  River,  Me.,  measurements 

of 38-39 

Cochituate,  Lake,  Mass.,  drainage  basin  of.       50 

estimated  discharge  of 50-51 ,  54 

rainfall  over  drainage  basin  of 54 

Cot-necticut  River,  measurements  of 46-49 

Creekl(K>ks,  N.  Y.,   stream  measurements 

at 113-114 

Cr<^han,  N.  Y.,  stream  measurements  near.  61-62 
Danville,  Pa.,  stream  mea.surements  at ..  155-157 

Dead  River,  Me.,  drainage  basin  of 34 

measurements  of 36 

Deerfleld  Reservoir,  N.  Y.,  rainfall  at 86-87 

Delaware  and  Hudson  Canal,  N.  Y.,  esti- 
mated diversion  to.  from  Ron- 
dout  Creek 113-114 


Page. 
Delaware  River,   East  Branch,  measure- 
ments of 129-130 

Delaware  River,  gaging  stations  in  basin  of.      127 
measurements     of.    at    Lambertville, 

N.J 133-185 

at  Port  JervLs,  N.  Y 131 

stream  measurements  in  drainage  basin 

of 127-142 

Upper,  drainage  basin  of 130-131 

West  Branch,  drainage  basin  of 128 

measurements  of 129 

Dixfield,  Me.,  stream  measurements  at 41 

Dolgeville,  N.  Y.,  stream  measurements  at.  89-91 
Dover  Plains,  N.  Y.,  stream  measurements 

near 120-121 

Dunsbach  Ferry,  N.  Y.,  stream  measure- 
ments at 96-98 

Eastcreek,  N.  Y.,  stream  measurements  at.  91-92 
Errol  dam,  N.  H..  stream  measurements  at.  41-42 

Esopus  Creek,  N.  Y.,  drainage  area  of 106 

measurements  of 107-109 

FeltA  Mills,  N.  Y.,  stream  measurements 

near 62-64 

Fishkill  Creek,  N.  Y.,  drainage  area  of 106 

measurement^  of 117-119 

Forks,  The,  Me.,  stream  measurements  at 

and  near 26-28,85 

Fort  Edward,  N.  Y.,  stream  measurements 

at 100-102 

Fort  Montgomery,  N.  Y.,  stream  measure- 
ments at 77-78 

Foxcroft,  Me.,  stream  measurements  near .  23-24 

Framingham,  Mass.,  rainfall  at 58 

Frederick,     Md.,     stream     measurements 

near 181-188 

Frederick,  Pa.,  stream  measurements  at.  135-137 
Front  Royal,  Va..  stream  measurements  at.  173-175 

Fulton,  N.  Y.,  stream  measurements  at 71-72 

Gardiner,  Me.,  stream  measurements  at 39 

Gay  lords  ville.  Conn.,  stream  measurements 

at 121-122 

Glasgow.  Va.,  stream  measurements  at ..  184-186 
Glenham.  N.  Y.,  stream  measurements  at.  117-119 
Grindstone,  Me.,  stream  measurements  at .       22 

Grovevllle,  X.Y.,fltK)d  discharge  at 119 

Hannawa  Falls,  N.  Y.,  stream  measure- 
ments at 77 

Harrisburg,  Pa.,  stream  measurements  at.  162-165 
Hartford,  Conn.,  stream  measurements  at..  4S-19 
High  Dam,  N.  Y.,  stream  measurements  at.  7€ 
Holcombs  Rock,  Va.,  stream  measurements 

at 192 

197 


198 
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Honk  FaIIi,  N.Y..  stream  measurements  at.      114 

Houfiatonic  River,  drainage  area  of 106 

meainirements    of,    at    Gaylordsrille, 

Conn 121-122 

Hudson  River,  K.  Y.,  measurements  of,  at 

Fort  Edward,  N.Y 100-102 

measurements  of,   at    Mechanieville, 

N.Y 102-104 

8t  ream  measurements  in  basin  of 98-106 

Hydrofn^phic  surveys,  work  of 9 

Indian  River,  N.  Y.,  measurements  of 98-99 

James  River,  Va.,  measurements  in  basin 

of 1&4-196 

meaiAireroents  of,  at  Buchanan,  Va  . .  186-lh8 

at  Cartersville,  Va 189-191 

at  Holcombs  Rock,  Va 192 

Juniata  River,  Pa.,  measurements  of 160-162 

Kennebec  Ri  ver,  drainage  basin  of 25-26 

measurements  of 26-32 

Kingston,  N.Y.,  stream  measurements  at.  107-109 

Lakes.  Maine,  aggn^^te  area  of 11 

Lambertville.  N.  J.,  stream  measurements 

at 133-135 

Lamington  River,  N.  J.,  mea.4urements  of. .  127 
Lawrence,  Maw.,  stream  measurements  at.  51-62 

Lehigh  River,  measurements  of 132-133 

Little  Fallii,  N.  Y.,  stream  measurements  at.  92-94 

Lumber,  Maine  product  of 13 

Maine,  gaging  stations  in 12 

lakes,  aggregate  area  of 11 

lumber  pro<l net  of 13 

water  powers  in 11-12 

Mnttawamkeng  River.  Me.,  drainage  basin 

of 22 

measurements  of 22-23 

Mattoax,  Vn..  stream  measurements  at  ..  193-195 
Mechanieville,   N.    Y ,    stream    measure- 
ments at 102-104 

Merrlmac  River.  X.  H.  and  Ma.<is.,  drainage 

basin  of 50 

measurements  of 49-52 

Middleville.  N.  Y.,  stream  measurements 

at.  discontinued 87 

Millin(T<*kct,  Me..  <«tream  measurements  at.  19-21 
MilliHjint,  N.  Y.,  stream  measurements  at .  94-95 
Millville,    W.    Vn.,  stream  measurements 

at 176-17S 

Minetto,    X.    Y.,    stream     mea.surements 

above 72-76 

Mohawk  River,  measurements  of,  at  Dums- 

bach  ferry,  N.Y 96-98 

measurements  of,  at  Little  Falls,  N.  Y.  92-94 

atUtica,  N.  Y 80-82 

stream  measurements  in  basin  of 79-98 

Monocacy  River,  measurements  of 181-183 

Montague,  Me.,  stream  measurements  at ..  16-18 

Moose  River,  Me. ,  measurements  of 36 

Moose  River,  N.  Y.,  measurements  of 60H51 

Nashn.i  River,  Ma.ss.,  drainage  basin  of 50 

estimated  discharge  of 50-51 

Nashua  River,  south  bmncli  of,  Mass.,  esti- 
mated discharge  of 55 

rainfall  over  basin  of 55 

Neshamlny  Creek,  Pa.,  measurements  of.  140-141 

Neversink  River,  N.  Y..  drainage  basin  of  .      131 

measurements  of 132 


Newpaltz,  N.  Y.. stream  meaiaremest»£i.  W^'.* 
Se\rpoTt,  Pa.,  stream  measuremenissi..  :&->. 
New  York  City,  measurements  d  •mas.* 

proposed   as  soaree^!  of  wb^ 

for •.!•':- 

New  York,  wat^r  powers  of >-^ 

North  Anson,  Me.,  stream  measoremeii^  tt 

and  near 2«-.5l  • 

North  (of  James)  River.  measorementSMf.  .s-  « 
Oak  Orchard.  K.  Y.,  sir»im  measmocecu 

at V 

Oneida  River,  N.  Y.,  mea.«niremcnL«  of :-~ 

Ontario,  Lake,  drainage  basin  of «>-*- 

Orford,  N.  H.,  stream  measoremeDtsst ....  fv 

Oriskany  Creek,  meaMirements  of V« 

Oswego  River,  N.  Y.,  measurements  of ....  r: ' 

Passaic  River,  drainage  ba^dn  of ^ - 

measurements  of i-*--' 

Patapsco  River,  Md.,  measnremrauof ..  K^' 
Paulinskill  Ri  ver,  N .  J . .  measurenwnt* « .  L' 
Penobscot  River,  Me.,  drainagv  baan  of...  .-> 

measurements  of '-- 

Pequannock  Creek ,  N.  J. .  nieasaran«i*  <  f .  -' 
Perkiomen  Creek,  Pa.,  measurement*  «.•!. :'"-" 
Philadelphia,   Pa.,    stream  measnKxce:i> 

i. .  .*■-•'- 

Piedmont,  W.Va.,  stream  measureaeststt  1"  ■• 
Piscataquis  River,  Me.,  measurement  of ..  :-' 
Point  of  Rocks,  Md.,  stream  measarenir£:' 

at r-- 

Point  Pleasant,  Pa.,  stream  measoremci:'* 

at >  • 

Pompton  River,  N.  J.,  mea.'-nrementjof...    "-*- 

Port  Jarvis,  N.  Y.,  stream  measuivtatr-!"' 

at -•- 

Potomac  River,  gaging  stations  in  ha-sLn  i 

measurements  of,  at  Point  of  Uixif. 

Md :v- 

North  Branch,  measurement  of *•"'• 

South  Branch,  measurements  of 

stream  mea.<«urements  in  basin  of ..  l'' ' 
Praits%'flle,  N.  Y.,  stream  measurcinem*i:  > •' 
Presumpscot  River,  Me.,  bed  and  dmnA£ 

basinof " 

measurements  of *"' 

Pulaski,  N.  Y.,  stream  me«-<nrement'!m-^r.  -  -■ 
Quackenkill  Creek,  N.  Y..  mea.*anrm^r.> 

of ••*  ' 

Rainfall,  Massachusetts,  Clinton.. 

Cochituate " 

Framingham 

Ralnfiftll,  New  York,  Deerfield  Rt'ser%fir.  •  •"'] 

Ramapo  River,  N.  J.,  measuremeats ot ^ 

Raquette  River,  N.  Y.,  measurement*  of... 

Raritan  River,  N.  J.,  measurement;  of * 

Reels  Creek,  N.  Y.,  measurements  of *^-' 

Richelieu  River,  measurements  of 

Riverton,  Va.,  stream  mea.snrcments«t..  I'- ' 

Roach  River,  Me.,  measarements  of ^ 

Rockaway  River,  N.  J.,  measarements  cf  .. 
Rockwood,Me.,streAmmea8a^ementFDMI.    "^ 

Rondout  Creek,  N,  Y..  diversion  from.  ^^ 

Delaware  and  Hudson  Can*!-  K  -••' 

drainage  basin  of 

measurements  of *"'  ' 
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Page. 
.K?4.*Ti<ltt.le,  N.  Y.,    stream    measurements 

at 111-113 

axn  foxxl  Falls,  Me.,  stream  measurements 

at 43 

'w&ter  power  at 42 

.  Croi:x  River,  Me.,  bed  and  drainage  basin 

of 12-13 

measurements  of 14 

L.  LAivrence  River,  stream  measurements 

in  basin  of 77-79 

i.lmoii  River,  N.  Y.,  measurements  of 64-65 

:!rtioliarie  Creek,  N.  Y.,  drainage  basin  of. .       95 

measurements  of 94-96 

chrooii  River,  N.  Y'.,  measurements  of .. .  9^100 

L'liuylkill  River,  measurements  of 141-142 

ebai^o   Lake,  Me.,  measurements  of  flow 

from 44-45 

eneoa  River,  N.  Y.,  measurements  of 69-70 

harpsl>urg,    Md.,    stream    measurements 

at 170-172 

kic^iiaTKloah  River,  measurements  of,  at 

Mill ville,  W.  Va 176-178 

Xortli   Branch,   measurements  of,   at 

Riverton,  Va 172-173 

Bouth   Branch,   measurements    of.   at 

Front  Royal ,  Va 173-175 

ikanea teles  Lake,  N.  Y.,  measurements  of 

flow  from 67-^ 

^uth    Bethlehem,    Pa.,   stream  measure- 
men  ts  at 132-133 

^utti  Cairo,  N.  Y'.,  stream  measurements 

at 109-111 

gpragues  Falls,  Me.,  stream  measiurements 

at... .7. 14 

Sprin^eld,  W.  Va.,  stream  measurements 

at 170 

Sudbury  River,  Mass.,  drainage  basin  of...  50,52 

estimated  discharge  of 50-51, 58 

rainfall  over  drainage  basin  of 53 

Susquehanna  River,  drainage  basin  of 143 

measurements  of,  at  Harrisburg,  Pa..  162-165 


Page. 
Susquehanna  River,  stream  measurements 

in  basin  of 143-165 

North   Branch,   measurements  of,   at 

Binghamton,  N.  Y 146-152 

measurements  of,  at  Danville,  Pa .  155-167 
measurements  of,  at  Wllkesbarre, 

Pa 152-155 

West  Branch,  measurements  of, at  Allen- 
wood,  Pa 159-160 

measurements  of,  at  Williamsport, 

Pa 158 

Tenmile  River,  N.  Y.,  drainage  area  of ... .      106 

measurements  of 120-121 

Tohickon  Creek,  Pa.,  measurements  of..  138-139 
Twin  Rock  Bridge,  N.  Y.,  stream  measure- 
ments at 87-88 

Two  Bridges,  N.  J.,  stream  measurements 

at 123-126 

Utica,  N,  Y.,  stream  measurements  at  and 

near 80-85 

Wallkill  River,  N.  Y.,  drainage  area  of ... .      106 

measurements  of 114-116 

Wanaque  Creek,  N.  J.,  measurements  of. . .      127 
Warrensburg,  N.Y.,  stream  measurements 

near 99-100 

Water  powers,  Maine,  generally 11-12 

Maine,  Androscoggin  River,  Rumford 

Falls 42 

Cobbosseecontee  River 39 

Kennebec  River 25 

Presumpscot  River 44 

New  York,  generally 58-60 

Susquehanna  River,  Binghamton..  148 
Waterville,  Me.,  stream  measurements  at..  80-32 
Whippany  River,  N.  J.,  measurements  of..  127 
Wilkesbarre,  Pa.,streammeasurement8at.  153-156 
Williamsport,  Pa.,  stream  meaurements  at. .  158 
Willow  Glen,  N.  Y.,  stream  measurements 

at 67-68 

Wissahickon  Creek,  Pa.,  measurements  of. .      138 
Woodstock,  Md., stream  measurementsat.  165-167 
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